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Construction of Libraries for Isolation
of Adrenergic Receptor Genes

Margaret A. Scofield, Jean D. Deupree, and David B. Bylund

1. Introduction
1.1. Adrenergic Receptors

Adrenergic receptors mediate the central and peripheral actions of norepi-
nephrine and epinephrine. Both of these catecholamine messengers play
important roles in the regulation of diverse physiological systems and are
widely distributed throughout the body. Agonists and antagonists interacting
with adrenergic receptors have proven useful in the treatment of a variety of
cardiovascular, respiratory, and mental disorders (1,2).

Adrenergic receptors were originally divided into two major types, oi-adren-
ergic receptor (0-AR) and B-adrenergic receptor (B-AR), based on their phar-
macological characteristics (i.e., rank order potency of agonists) (3).
Subsequently, the a-AR and -AR types were further subdivided into o/;-AR,
0,-AR, B;-AR, and B,-AR subtypes (for a more complete historical perspec-
tive see refs. 4,5). Based on both pharmacological and molecular evidence, it
is now clear that a more useful classification scheme is based on three major
types—o,-AR, 0,-AR, and B-AR—each of which is further divided into three
or four subtypes (Fig. 1) (4).

1.1.1. a4-AR Subtypes

o 4-AR and o, 5-AR subtypes were defined pharmacologically based on the
differential affinities of WB 4101 and phentolamine (6—8), and on selective
receptor inactivation by the alkylating agent chlorethylclonidine. Three o;-AR
subtypes have been identified by molecular cloning (Table 1). The o,;5-AR
from hamster was cloned first (9), followed by the bovine o ,-AR, which
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Fig. 1. The current classification scheme for adrenergic receptors.

unfortunately was prematurely identified as the o,--AR subtype (10,11). The
o;p-AR was cloned from the rat (12,13), although this receptor was prema-
turely called the o, ,-AR. A fourth o;-AR subtype, called the o,; -(based on
its low affinity for prazosin), has been suggested (14,15), although its exist-
ence is debatable (16).

1.1.2. a,-AR Subtypes

The evidence for o,-AR subtypes initially came from binding and func-
tional studies in various tissues and cell lines (17). On the basis of these stud-
ies, three genetic and four pharmacological o,,-AR subtypes have been defined.
The o, ,-AR and o,5-AR subtypes were initially defined based on differential
affinity for adrenergic agents, such as prazosin and oxymetazoline (4). These
subtypes were subsequently cloned from a variety of species (Table 2). A third
subtype, 0,-AR, was identified originally in an opossum kidney cell line
(18,19) and has also been cloned from several species (Table 2). A fourth
pharmacological subtype, the o,,p-AR, has been identified in the rat and cow
(20,21). This pharmacological subtype is a species ortholog of the human
0, o-AR subtype and, thus, is not considered to be a separate genetic subtype.

1.1.3. B-AR Subtypes

The B;-AR and B,-AR subtypes were identified as early as 1967 based on a
comparison of the rank orders of potency of a variety of agonists (22). Highly
selective antagonists for both ;-AR and B,-AR have been subsequently
developed. More recently, it became apparent that not all of the B-AR-mediated
responses can be classified as either B;-AR or B,-AR, and thus, the B;-AR was
identified (23,24). This receptor has low affinity for the commonly used
B antagonists and has often been referred to as the “atypical” B-AR. These

(text continued on page 13)



Table 1
o4-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype? common name identification in text number tissue type region coding sequence
o A-AR Oryctolagus cuniculus o, ,-adrenoceptor U81982 cDNA (c) No 1401 bp
rabbit liver (1..1401)
O. cuniculus o, .~adrenoceptor subtype S75999 cDNA (p) No 432 bp
rabbit brain (1..430)
Homo sapiens adrenergic o, receptor U03866 cDNA (c) No 1500 bp
human prostate (66..1466)
H. sapiens o;c-AR L31774 cDNA (c) No 1401 bp
human prostate (1..1401)
H. sapiens o;c-AR D25235 cDNA (c) No 2290 bp
human prostate (437..1837)
H. sapiens o;c-AR U02569 cDNA (c) No 1902 bp
human prostate (425..1825)
H. sapiens aa-AR AF013261 c¢DNA (c) No 1765 bp
human isoform 4 prostate (201..1568)
H. sapiens o, c-adrenoceptor receptor D32201 cDNA (c) No 2089 bp
human isoform 3 prostate (437..1726)
H. sapiens o;c-AR D32202 cDNA (c) No 2306 bp
human isoform 2 prostate (437..1936)
H. sapiens o, .~adrenoceptor subtype S76001 cDNA (p) No 432 bp
human brain, (1..431)
saphenous
vein

(continued)



Table 1

(continued)

o4-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype“ common name identification in text number tissue type region coding sequence
H. sapiens o,-AR U72653 Genomic Yes 6195 bp
human (no coding region)
Bos taurus o;c-AR J05426 cDNA (c) No 2461 bp
cow adult brain (97..1497)
cortex
Mus musculus o,-AR 580220 cDNA (p) No 252 bp
house mouse brain (1..252)
M. musculus aa-AR AF031431 cDNA (c) No 1401 bp
house mouse brain, liver, (1..1401)
kidney
Rattus norvegicus oc-AR U13368 cDNA (c) No 1862 bp
Norway rat cardiac (36..1436)
myocytes
R. norvegicus o.-AR U07126 cDNA (c) No 1428 bp
Norway rat brain (16..1416)
Meriones unguiculatus o,-AR AF047188 cDNA (p) No 175 bp
Mongolian gerbil spiral modiolar (1..175)
artery
Oryzias latipes 0l 5 adrenoceptor D63859 Genomic (c) No 1770 bp
Japanese medaka fish (228..1640)
og-AR M. musculus op-AR Y 12738 cDNA (c) No 2268 bp
house mouse brain (724..2268)



Mus. musculus
house mouse
R. norvegicus
Norway rat
R. norvegicus
Norway rat
R. norvegicus
Norway rat
R. norvegicus
Norway rat
R. norvegicus
Norway rat

R. norvegicus
Norway rat

M. unguiculatus
Mongolian gerbil
Mesocricetus auratus

Syrian golden hamster

H. sapiens
human
H. sapiens
human
H. sapiens
human

o,-AR
o,5-AR
o,5-AR
o,5-AR
o,5-AR

o,5-AR
exon 1

o,5-AR
exon 2
o,-AR
o,5-AR
adrenergic o, receptor
o,5-AR

o,5-AR

S80219

X51585

M60655

D32045

U83985

L08609

L08610

AF047189

J04084

U03865

L31773

M99589

cDNA (p) No
brain

cDNA (c) No
brain

cDNA (¢) No
brain

Genomic Yes

Genomic Yes

Genomic (p) Yes

Genomic (p) No

cDNA (p) No
spiral modiolar artery

cDNA (c) No
smooth muscle

cDNA (c¢) No
brainstem

cDNA (c) No
heart

Genomic Yes

120 bp
(3..19)
2086 bp
(241..1788)
2108 bp
(15..1562)
2387 bp
(1628..2387)
513 bp
(no coding region)
2207 bp
(1209..2157,
L08610:51..649)
1365 bp
(L08609:
1209..2157,
51..649)
258 bp
(1..258)
2089 bp
(15..1562)
1738 bp
(124..1686)
1560 bp
(1..1560)
2669 bp
(no coding region)
(continued)



Table 1 (continued)
o4-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype ~ common name identification in text number tissue type region coding sequence
Canis familiaris RDCS5 mRNA for G protein-  X14050 cDNA (p) No 1695 bp
dog coupled receptor thyroid (1..1256)
o p-AR  R. norvegicus o a-AR M60654 cDNA (¢) No 2936 bp
Norway rat brain (480..2162)
R. norvegicus Ola-AR L31771 cDNA (¢) No 2939 bp
Norway rat cerebral cortex (480..2165)
R. norvegicus op-AR AF071014  Genomic (p) Yes 1783 bp
Norway rat (1597..1783)
M. musculus og-AR S80044 cDNA (c) No 1902 bp
house mouse brain (118..1806)
M. musculus aa-AR 120333 cDNA (p) No 483 bp
house mouse homolog testis (1..483)
H. sapiens Olyq-AR L31772 Genomic and  No 1831 bp
human cDNA (c) (1..1719)
prostate
H. sapiens adrenergic o.;, receptor U03864 cDNA (¢) No 1860 bp
human hippocampus (58..1776)
H. sapiens 0y 4/p-AR D29952 Genomic and  No 2077 bp
human cDNA (c) (5..1723)
prostate
H. sapiens aa-AR M76446 cDNA (c) No 2002 bp
human brain (56..1561)
O. cuniculus 04 adrenoceptor U64032 cDNA (¢) No 1731 bp
rabbit liver (1..1731)

9Assignment of subtype is based on the alignment and groupings of coding sequences generated by the denogram of the program Pileup,

GCG.

b(c) Complete coding sequence; (p) partial coding sequence.



Table 2
o,-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype ~ common name identification in text number tissue type region coding sequence
o,s-AR  Rattus rattus o,p-AR U79031 cDNA (c) No 1552 bp
black rat brain (1..1353)
R. norvegicus a,-AR-RG20 M62372 Genomic (c) No 1380 bp
Norway rat (1..1353)
R. norvegicus ayrp-AR U49747 Genomic (p)  Yes 2836 bp
Norway rat (2831..2836)
M. musculus a,-AR M99377 Genomic (c) No 1454 bp
house mouse (0,-AR-C10 homolog) (51..1403)
M. musculus ora-AR U29693 Genomic Yes 2828 bp
house mouse (no coding region)
M. auratus o, receptor adrenergic L28124 cDNA (p) No 313 bp
golden hamster (0pA-AR) adipocytes (1..313)
Sus scrofa ay5-AR J05652 Genomic (c) No 1728 bp
pig (0,-AR-C10 homolog) (130..1482)
Bos taurus aorp-AR U79030 Genomic (c) Yes 2923 bp
cow (1509..2867)
B. taurus adrenergic receptor S66295 cDNA (p) No 120 bp
cow subtype 0Lp-AR pineal gland (1..120)
H. sapiens o,-AR M18415 Genomic (c) No 1521 bp
human (59..1411)
H. sapiens 0,-AR M23533 Genomic (c) Yes 3604 bp
human (0-2A) (2078..3430)
Gallus gallus adrenergic receptor S66185 Genomic (p) No 117 bp
chicken subtype 0,,-AR (1..117)

(continued)
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Table 2 (continued)
o,-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype“ common name identification in text number tissue type region coding sequence
Cavia porcellus 0, 4-AR adrenoceptor U25722 Genomic (c) No 2291 bp
guinea pig (49..1401)
0o,p-AR R. norvegicus o,-AR M32061 cDNA (c) No 2319 bp
Norway rat (RNG-0,-AR) kidney (366..1727)
R. norvegicus o,p-AR X74400 Genomic (c)  No 1639 bp
Norway rat (178..1524)
M. musculus a,-AR L00979 Genomic (c) No 1650 bp
house mouse (0-AR homolog) (227..1573)
M. musculus o,-AR M94583 Genomic (¢) Yes 5265 bp
house mouse (0rc>-AR homolog) (1146..2513)
Elephas maximus o,p-AR Y 12525 Genomic (p)  No 1153 bp
Indian elephant (1..1153)
Dugong dugon a-AR Y 15947 Genomic (p)  No 1171 bp
sea cow subtype 2B (1..1171)
Procavia capensis oLp-AR Y12523 Genomic (p) No 1168 bp
cape rock hyrax (1..1168)
(shrewmouse)
Orycteropus afer a,p-AR Y 12522 Genomic (p)  No 1165 bp
aardvark (1..1165)
Amblysomus hottentotus 0O,p-AR Y 12526 Genomic (p) No 1159 bp
golden moles (1..1159)
Echinops telfairi a-AR Y17692 Genomic (p) No 1153 bp
Madagascar hedgehog  subtype 2B (1..1153)
Macroscelides o,-AR Y 12524 Genomic (p)  No 1162 bp
proboscideus (1..1162)

short-eared elephant shrew
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0,-AR

B. taurus
cow

Equus caballus
horse

Erinaceus europaeus
western European
hedgehog

Talpa europaea
European mole

H. sapiens
human

H. sapiens
human

H. sapiens
human

O. cuniculus
rabbit

C. porcellus
guinea pig

Didelphis marsupialis
opossum

M. musculus
house mouse

M. musculus
house mouse

R. norvegicus
Norway rat

R. norvegicus
Norway rat

a-AR
subtype 2B

a-AR
subtype 2B

o,-AR

oLp-AR

0p-AR
(0pc2-AR)
a,-AR
(0,-AR ¢2)
0,-AR-ADRA2C

a-AR
subtype 2B
o, adrenoceptor gene

a-AR

subtype 2B
a,-AR

(0,-C4 homolog)
a,-AR

(0,-C4 homolog)
o,-AR-RG10

0,-C4-AR

Y 15944

Y 15945

Y12521

Y 12520

AF005900

M34041

M38742

Y 15946

U25723

Y 15943

M97516

M99376

M62371

X57659

Genomic (p)
Genomic (p)

Genomic (p)

Genomic (p)
Genomic (c¢)
Genomic (¢)
Genomic (p)
Genomic (p)
Genomic (¢)
Genomic (p)
Genomic (c¢)
Genomic (¢)
Genomic (c)
Genomic and

cDNA (¢)
brain

?

1177 bp
(1..1177)

1168 bp
(1..1168)

1174 bp
(1..1174)

1192 bp
(1..1192)
9842 bp
(5398..6750)
2072 bp
(413..1765)
885 bp
(1..885)
1183 bp
(1..1183)
1987 bp
(328..1674)
1147 bp
(1..1147)
2409 bp
(415..1791)
1503 bp
(51..1427)
1380 bp
(1..1377)
2991 bp
(907..2283)

(continued)
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Table 2 (continued)
o,-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype common name identification in text number tissue type region coding sequence
R. norvegicus o,-AR D00819 Genomic (c) No 1745 bp
Norway rat (62..1438)
R. norvegicus oL-AR M58316 cDNA (¢) No 1704 bp
Norway rat brain (91..1467)
H. sapiens a,-AR J03853 cDNA (c) No 1491 bp
human (0,-C4) kidney (39..1424)
H. sapiens a,-C4-AR U72648 Genomic (c) Yes 4850 bp
human (2807..4192)
H. sapiens gDNA encoding adrenaline E07358 unknown (c) No 1382 bp
human o,-AR CII receptor (patent) (3..1379)
H. sapiens a,CII-AR D13538 Genomic (c)  No 1382 bp
human (3..1379)
H. sapiens o,-AR 1.8 X59684 Genomic (p)  No 387 bp
human (0,-C4) (1..387)
C. porcellus oc-adrenoceptor U25724 Genomic (c) No 1995 bp
guinea pig (205..1572)
Didelphis virginiana 0,-AR U04310 cDNA (c) No 1410 bp
opossum kidney (1..1410)
o,c-AR L. ossifagus a,-adrenoceptor u07743 Genomic (c) Yes 2898 bp
like cuckoo wrasse-teleost fish (1115..2413)
unde-  C. auratus a,-AR L09064 Genomic (c) Yes 2764 bp
fined  goldfish (1188..2498)

¢Assignment of subtype is based on the alignment and groupings of coding sequences generated by the denogram of the program Pileup,

GCQG (see Chapter 2, Fig. 1).
b(c) Complete coding sequence; (p) partial coding sequence.
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three B-AR subtypes have been cloned from a variety of species (Table 3).
There is strong evidence for a B,-AR, although this subtype has not yet been
cloned (25-28).

1.2. Library Construction

The information obtained from gene-specific cDNA or genomic DNA is
important for determining the coding region, promoter region, regulatory
elements, or introns of a gene. For the intronless genes, such as the o,-AR,
B;-AR, and B,-AR, the genes are relatively small. The nucleotide sequence of
the cDNA or intronless genome can be determined from a A library that can
contain inserts of 0—12 kb in size, or if using replacement vectors,
9-23 kb in size. A Phage libraries are useful in that they are easily duplicated
and are not susceptible to selective amplification. For the well-studied species,
such as the human, mouse, or rat, it may be far less time-consuming to pur-
chase a commercial library. However, for other species (i.e., gerbil) or for spe-
cific microsized tissues (i.e., inner ear tissues) for which commercial libraries
are not available, it may be necessary to synthesize your own genomic or cDNA
library. Further, for genomic libraries of genes, such as the o, 4-AR, 0;5-AR,
and o;p-AR, which contain 15- to 30-kb introns, it will also be necessary to
construct a library with large genomic inserts as found in cosmid libraries. For
a genomic DNA library, we describe the synthesis of a cosmid library that
results in a plasmid- (bacteria) based library, which is easy to manipulate after
isolation of the clone. For making a tissue-specific library from a small amount
of RNA we describe a polymerase chain reaction- (PCR) based synthesis of a
cDNA library.

2. Materials

All aqueous solutions should be made from distilled, deionized water.
Extreme care should be taken not to contaminate any of the working solutions
with DNA or RNA and any of the RNase enzymes that are inherently present
on skin. This will require wearing gloves and frequently changing gloves. For
RNA work, plasticware that has only been touched with a gloved hand should
be used. If it is necessary to use glassware, it should be rinsed with RNase-free
water (see step 1 in Subheading 2.2.1.) and baked at 300°C for 4 h. In addi-
tion, solutions should be sterilized by autoclaving or filtration, and should be
stored in small frozen aliquots that are then discarded after having been opened
several times. Listed below are stock solutions that are used in many molecular
biology protocols.

(text continued on page 20)
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Table 3
B-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype  common name identification in text number tissue type region coding sequence
Bi-AR  H. sapiens B,-AR JO3019 cDNA (c) No 1723 bp
human placenta (87..1520)
H. sapiens ADRBIR gene X69168 Genomic Yes 3100 bp
human (no coding region)
M. unguiculatus B,-AR AF055349 c¢DNA (c) No 221 bp
Mongolian gerbil vestibular (1..221)
labyrinth,
stria
vascularis,
brain
Macaca mulatta B,-AR X75540 Genomic (c) Yes 4401 bp
rhesus monkey (1425..2867)
C. familiaris B,-AR U73207 Genomic (c) No 1845 bp
dog (330..1751)
S. scrofa B,-AR AF042454  Genomic (c) No 2284 bp
pig (456..1862)
Ovis aries B,-AR S81783 Genomic (p)  No 1040 bp
sheep (1..1040)
0. aries B,-AR AF072433  Genomic (c) Yes 4749 bp
sheep (2289..3692)
R. norvegicus B,-AR J05561 Genomic (c) No 1645 bp
Norway rat (69..1469)
R. norvegicus Bi-AR D00634 Genomic (c) Yes 3686 bp

Norway rat

(1257..2657)
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B;-AR
like
B;-AR
like

B,-AR
like

B,-AR

R. norvegicus
Norway rat
R. norvegicus
Norway rat
M. musculus
house mouse
Cervus dama
fallow deer
Meleagris gallopavo
turkey

Xenopus laevis
African clawed frog

Meleagris gallopavo
turkey

M. gallopavo
turkey

B. taurus
cow
B. taurus
cow
S. scrofa
pig
S. scrofa
pig

Bi-AR
B;-AR
Bi-AR
Bi-AR

B-AR

B;-AR

adrenergic B, receptor

adrenergic B, receptor

B,-AR
adrenergic 3, receptor
B,-AR

B,-AR

X75538

X75539

L10084

AF041457

M14379

Y09213

uU13977

U13978

786037

X67213

U53185

AF000134

Genomic
Genomic
Genomic (¢)
cDNA (p)

cDNA (¢)
fetal red
blood cells
cDNA (c)
embryo
cDNA (c)
fetal red
blood cells
Genomic (c)

cDNA (c)

oviduct
cDNA (p)
cDNA (p)

Genomic (¢)

Yes

1365 bp
(no coding region)

3’ Flanking 1525 bp

region

No

No

No

No

No

Yes

(no coding region)
1525 bp

(100..1500)
144 bp

(1..144)
1806 bp

(70..1521)

1584 bp
(301..1458)

1533 bp
(89..1375)

3445 bp
(892..2138,
2548..2587)

2032 bp
(224..1480)

376 bp
(1..376)

329 bp
(1..329)

5288 bp
(1758..3014)

(continued)
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Table 3 (continued)
B-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype?  common name identification in text number tissue type region  coding sequence
Rattus sp. B,-AR X17607 Genomic (c) Yes 4190 bp
rat (2252..3508)
R. norvegicus B,-AR L39264 Genomic (c) Yes 4197 bp
Norway rat (2309..3565)
R. norvegicus B,-AR J03024 cDNA (c) No 1959 bp
Norway rat heart (102..1358)
R. norvegicus B,-AR U35448 Genomic (p) Yes 3780 bp
Norway rat (3712..3780)
M. musculus B,-AR X15643 Genomic (c) Yes 4928 bp
house house (2212..3468)
M. auratus B-AR X03804 cDNA (¢) No 2018 bp
golden hamster J02728 (211..1461)
M16107
M. unguiculatus B,-AR AF055350 cDNA (p) No 756 bp
Mongolian gerbil Vestibular (1..756)
labyrinth;
stria
vascularis; lung
H. sapiens B,-AR J02960 Genomic (c) Yes 3458 bp
human (1264..2505)
H. sapiens B-AR X04827 cDNA (c) No 1970 bp
human neonatal (178..1419)

human brain

stem
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BS_AR

H. sapiens
human

H. sapiens
human

H. sapiens
human

H. sapiens
human

H. sapiens
human

H. sapiens
human

M. mulatta
rhesus monkey

C. familiaris
dog

C. familiaris
dog

Felis catus
cat

Rattus sp
rat

Rattus sp
rat

R. norvegicus
Norway rat

R. norvegicus
Norway rat

B.-AR
B.-AR
B,-AR
B.-AR
B-AR

B,-AR
B.-AR
B.-AR
B,-AR
B.-AR
Bs-AR
Bs-AR

(spliced version)

B5-AR

BS_AR

AF022953

AF022954

AF022955

AF022956

Y00106

M15169

L38905

X94608

U73206

U82176

S73473

556481

X77483

M74716

Genomic (c) No
Genomic (c) No
Genomic (c) No
Genomic (c) No
Genomic (c) Yes

Genomic and  Yes

cDNA (c)
cDNA (c) No
cDNA (c) No

cardiac muscle
Genomic (c) No

Genomic (p) No

Genomic and No

cDNA (¢)
adipose
cDNA (c) No
colon
Genomic Yes
cDNA (c) No

1242 bp
(1..1242)
1242 bp
(1..1242)
1242 bp
(1..1242)
1242 bp
(1..1242)
2305 bp
(794..2035)
3451 bp
(1588..2829)
1320 bp
(41..1288)
1948 bp
(151..1398)
1298 bp
(14..1261)
288 bp
(1..288)
1383 bp
(51..1253)

1968 bp

(12..1214)
1407 bp

(no coding region)
2181 bp

(220..1422)

(continued)
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Table 3 (continued)
B-Adrenergic Receptors

Adrenergic Definition in GenBank cDNA or 5 Number of
receptor Species, database, subtype Accession genomic? Flanking nucleotides,
subtype?  common name identification in text number tissue type region coding sequence
M. musculus B5-AR X72862 Genomic (c) Yes 3438 bp
house mouse (569..1731,
2195..2234)
M. musculus B5-AR A26182 Genomic (p)  No 1920 bp
house mouse patent (568..1734)
M. musculus B5-AR X60438 Genomic (p)  No 1920 bp
house mouse (568..1734)
M. unguiculatus B3-AR AF055351 c¢DNA No 502 bp
Mongolian gerbil adipose (p) (1..502)
C. porcellus B5-AR U51098 cDNA No 1052 bp
guinea pig adipose (p) (1..1052)
S. scrofa Bs-AR U55858 cDNA No 303 bp
pig adipose (p) (1..303)
H. sapiens B5-AR M29932 Genomic (p)  No 1270 bp
human (38..1246)
H. sapiens B5-AR X72861 Genomic (c) Yes 3683 bp
human exon 1 and 2 (638..1842,
2868..2889)
H. sapiens B-AR A31613 Genomic (p)  Yes 2022 bp
human (638..1846)
H. sapiens B5-AR X70811 cDNA brown No 2572 bp
human adipose (c) (126..1352)
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adreno-
medullin

H. sapiens
human

H. sapiens
human

M. mulatta
rhesus monkey

M. mulatta
rhesus monkey

B. taurus
cow

B. taurus
cow

C. familiaris
dog

M. musculus
house mouse

receptor like

BS_AR
B3_AR

B5-AR
exon 1

B5-AR
exon 2

BS_AR
BS_AR

B3_AR

5 adrenergic-like receptor

X70812

M62473

U63591

U63592

X85961

X67214

U92468

L20338

Genomic (c)
Genomic

Genomic (p)

Genomic (p)

cDNA brown
adipose (c)
Genomic (p)

Genomic and
cDNA (c)

cDNA
germline(c)

No

1418 bp
(1..32,1058..1079)

1320 bp
(no coding region)

1204 bp
(1..1204,
U63592:1...53)

53 bp
(U63591:1..1204,
1..53)

2000 bp
(107..1324)

308 bp
(1..308)

2649 bp
(113..1308,
2012..2033)

342 bp
(1.342)

4Assignment of subtype is based on the alignment and groupings of coding sequences generated by the denogram of the program Pileup,

GCG.

b(c) Complete coding sequence; (p) partial coding sequence.
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.1 M Tris-HCI, pH 8.0: Using a pH meter and magnetic stirrer, 121.1 g of Tris

base in 900 mL of water are adjusted to pH 8.0 with approx 42 mL of 11.6 M
(concentrated) HCI. Water is added to a final volume of 1 L, and the solution is
sterilized.

0.5 M ethylenediaminetetracetate (EDTA), pH 8.0: Using a pH meter and mag-
netic stirrer, 186.1 g of disodium EDTA dihydrate is dissolved in 850 mL water
and is adjusted to pH 8.0 with approx 20 g of NaOH. Water is added to 1 L, and
the solution is sterilized. Disodium EDTA has a limited solubility at a pH below 8.0.
10X TAE buffer: 0.40 M Tris-acetate and 10 mM disodium EDTA (TAE), 48.4 g
Tris base, and 3.72 g disodium EDTA in 850 mL water are adjusted to pH 8.0
with 10.6 mL of glacial acetic acid, and the final volume is increased to 1 L with
water.

TE buffer: 50 mM Tris-HCI, pH 8.0, 10 mM EDTA, pH 8.0. Combine 50 mL of
IM Tris-HCI, pH 8.0, 20 mL of 0.5M EDTA, pH 8.0, and distilled water to a final
volume of 1 L, and sterilize.

Phenol buffered to pH 8.0: Equilibrate frozen purified phenol (from any com-
mercial supplier) to room temperature, and melt at 68°C with the lid loosely
placed on the jar. Add the yellow antioxidant 8-hydroxyquinoline to a final con-
centration of 0.1%. Add an equal volume of 0.5 M Tris-HCI, pH 8.0, and stir for
15 min with a magnetic stir bar at 4°C. Cease stirring, and let the two phases
separate completely. Remove the top aqueous layer, and repeat the procedure
with 0.1 M Tris-HCI, pH 8.0, one or two more times until pH paper indicates
that the phenolic, lower organic phase, has a pH of 8.0. Add one more volume of
0.1 M Tris-HCI, pH 8.0, to the buffered phenol, and store in a dark bottle at 4°C.
The shelf life of the buffered phenol is approx 1 mo (29,30).

5% sodium dodecyl sulfate (SDS): Dissolve 5 g SDS in 100 mL water. Wear a
mask when weighing the SDS.

10 mg/mL ethidium bromide: Dissolve 100 mg of ethidium bromide (a carcino-
gen) in 10 mL of water. Use gloves when preparing and handling the solution.

. Phosphate-buffered saline (PBS): Dissolve 8 g of NaCl, 0.2 g of KCI, 1.15 g of

Na,HPO, 7H,0, and 0.2 g of KH,PO, in 1 L water, and sterilize.

3 M sodium acetate, pH 5.5: Dissolve 24.6 g sodium acetate/100 mL water and
adjust to pH 5.5 with ~3 mL of glacial acetic acid.

1 M sodium acetate, pH 5.5: Dissolve 8.2 g sodium acetate/100 mL of water and
adjust to pH 5.5 with ~1 mL of glacial acetic acid.

Chloroform:isoamyl alcohol (24:1): Mix 240 mL of chloroform with 10 mL of
isoamyl alcohol, and store in a brown bottle away from light.

7.5 M ammonium acetate: Dissolve 57.75 g ammonium acetate in 80 mL of water,
and adjust the final volume to 100 mL. Sterilize by filtration.

Genomic Library Synthesis
1. Isolation of Genomic DNA

Tissue.

2. Prechilled mortar and pestle (=70°C).
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10.
11.

Liquid nitrogen.

Digestion buffer: Combine 20 mL 0.5 M EDTA, pH 8.0, 1 mL 1 M Tris-HCI, pH
8.0, 10 mL 5% SDS, 2 mg of pancreatic RNase (DNase-free), and 100 mL of
distilled water. The final concentration of the digestion buffer is 0.1 M EDTA, 10
mM Tris-HCI, 20 pg/mL pancreatic RNase (DNase-free), 0.5% SDS.

20 mg/mL proteinase K (in water).

Phenol buffered to pH 8:chloroform:isoamyl alcohol (25:24:1). One volume of
phenol, pH 8.0, is mixed with 1 vol of chloroform:isoamyl alcohol (24:1). Make
only the amount needed, and discard the rest.

TE buffer (see item 4 in Subheading 2.).

0.3 (w/v) and 1% (w/v) Electrophoresis-grade agarose gel with 0.5 pg/mL
ethidium bromide.

. TAE electrophoresis buffer: Dilute 10X TAE buffer 10-fold with water.

A DNA (Life Technologies, Gaithersburg, MD).

Dialysis bag: 12,000-14,000 mol-wt cutoff. Boil for 10 min in 1 L of 2% (w/v)
sodium bicarbonate and 1 mM EDTA, pH 8.0. Rinse with distilled water, and
autoclave in water for 10 min. Store at 4°C, and handle with gloves.

2.1.2. Preparation of the Cosmid Library

1.

Genomic DNA, 200 pg, 2200 kb (100-500 pg/mL in TE buffer).

2. Restriction endonucleases: Any of the isoschizomers Ndell, Sau3 A, or Mbol, and

® Nk

N

11.
12.

13.
14.
15.

2.2.
22

the respective 10X restriction digestion buffers supplied by the manufacturer.
Gel-loading buffer: 50 g glycerol, 40 mL 10X TAE buffer, 1 g sodium dodecyl
sulfate (SDS), and 0.1 g bromophenol blue in 100 mL water.

0.3% Agarose gel.

0.5 M EDTA, pH 8.0.

Phenol, pH 8.0:chloroform:isoamyl alcohol (25:24:1).

Chloroform.

3 M sodium acetate, pH 5.5.

100% Ethanol.

70% Ethanol.

Calf intestinal alkaline phosphatase (CIP), 20-80 U/uL (Clontech, Palo Alto, CA).
1X CIP buffer: 50 mM Tris-HCI, pH 8.0. Dilute the 10X buffer supplied with
enzyme 1 to 10 with water.

TE buffer.

SuperCos I (Stratagene, La Jolla, CA).

Gigapack® III XL packaging extract (Stratagene).

Synthesis of a cDNA Library Using Small Amounts of RNA
1. cDNA Synthesis

. RNase-free water (diethyl pyrocarbonate [DEPC] water): Treat 1 L of water with

1 mL DEPC by stirring for 24 h at 37°C, and then autoclaving one to three times
or until all residual DEPC is gone (see Notes 1-3).
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Total RNA (1 ng) or Poly(A)*RNA (100 ng to 1 ng) is treated with RNase-free
DNase I and dissolved in DEPC water (see Notes 4-10).

. Degenerate anchored oligo dT primer TTCCGGAATTCAGCGGCCGC(T);; MN

(10 uM) where M represents G, A, or C and N represents G, A, T, and C (see
Note 11).

Reverse transcriptase: SUPERSCRIPT® II RNase H-Reverse Transcriptase
(200 U/uL) (see Note 12).

5X First-strand buffer: 250 nM Tris-HCI, pH 8.3, 375 mM KCI, 15 mM MgCl,
(supplied with enzyme).

10 mM dNTP mix (10 mM each dATP, dGTP, dCTP, dTTP) from Life Technolo-
gies (Gaithersburg, MD).

100 mM Dithiothreitol (DTT): Dissolve 0.309 g of DTT in 20 mL of 0.01 M
sodium acetate, pH 5.2, and sterilize by filtration. Store at —20°C.

Escherichia coli RNase H (2 U/uL).

. Phenol (saturated with water):chloroform:isoamyl alcohol (25:24:1).
10.
11.
12.
13.
14.
15.

Chloroform.

7.5 M ammonium acetate.

100% Ethanol.

70% Ethanol.

Terminal deoxynucleotidyl transferase (TdT), 10 U/uL (Stratagene).

5X buffer TdT: 500 mM potassium cacodylate, pH 7.2, 10 mM CoCl,, 1 mM
DTT (Stratagene).

50 uM dGTP (dilute 10 mM dGTP 200-fold).

5" Sense primer: GACTCGAGTCGACATCGA(C),3, 10 UM in water (see Note 13).
Advantage™ KlenTaq polymerase (Clontech, Palo Alto, CA).

Advantage™ KlenTaq polymerase buffer 10X (Clontech): 400 mM Tricine-KOH,
pH 9.2, 150 mM potassium acetate, 35 mM magnesium acetate, 750 pg/mL bovine
serum albumin.

3’ Antisense adapter primer: TTCCGGAATTCAGCGGCCGC, 10 uM water.
Perkin Elmer 480 Thermal Cycler (PE Applied Biosystems, Foster City, CA).

2.2.2. Cloning of the cDNA

—

100 ng of amplified cDNA.

2. 10X universal buffer (Stratagene): 1 M KOAc, 250 mM Tris-acetate, pH 7.6,

100 mM magnesium acetate, 5 mM [-mercaptoethanol, 100 pg/mL bovine serum
albumin (BSA).

Sall 10 U/uL.

Notl 10 U/uL.

Phenol, pH 8.0 chloroform:isoamyl alcohol (25:24:1).

Chloroform.

100% Ethanol.

70% Ethanol.

Zap Express® vector (Stratagene).

1 uL (400 U) T4 DNA ligase (Life Technologies, Gaithersburg, MD).
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11. 10X ligase buffer (Life Technologies): The final concentration is 0.5 M Tris-HCI,
pH 7.5, 50 mM MgCl,, 50 mM DTT, 0.5 mg/mL BSA, or gelatin.

12. 10 mM ATP.

13. CIP (Stratagene).

14. Gigapack III Plus® or Gigapack III Gold® packaging extracts (Stratagene).

3. Methods
3.1. Genomic Library Synthesis
3.1.1. Isolation of Genomic DNA

1. Immediately freeze the freshly isolated tissue in liquid nitrogen (see Note 14).

2. Grind the tissue in a mortar and pestle in the presence of liquid nitrogen until the
tissue is a fine powder (see Note 15).

3. Gradually add 100 mg of powdered tissue to the surface of 1.2 mL digestion
buffer, and gently shake until the tissue is suspended. Incubate at 37°C for 1 h.

4. Using a glass rod, gently stir in 5 UL of proteinase K for every 1 mL of solution.
The DNA solution is gently swirled at 50°C overnight (1218 h).

5. Inahood, add equal volumes of phenol/chloroform/isoamyl alcohol, and extract
the proteins by slowly inverting the tube for 10 min until an emulsion has been
formed.

6. Centrifuge the emulsion for 15 min at 5000g, and remove the DNA by slowly
pipeting the top aqueous layer with a wide-bore pipet tip (pipet tip cut off with a
sterile razor blade) without removing the white protein from the interface. Repeat
this procedure two more times or until no more protein is visible at the interface
(see Note 16).

7. Use wide-bore pipet tips to transfer the DNA into a dialysis bag, and dialyze
against 4 L of TE buffer with four changes of solution. Store the DNA at 4°C, and
avoid any repeated freezing and thawing of the DNA solution (29) (see Note 17).

8. Measure the DNA concentration at an A,4, and A,g,, where 1 absorption unit at
260 nm equals 50 ug DNA/mL. Further, the 260/280 absorption ratio should be
about 1.8 (see Note 18).

9. Analyze the integrity of 0.5 ug of DNA on a 0.3% (w/v) agarose gel electro-
phoresed under low voltage (1 V/cm) at 4°C, and visualize by ethidium bromide
staining. Pour a 1% agarose layer to a thickness of 1/3 the normal capacity of the
gel form, and solidify. On the top of this layer, pour a 0.3% agarose up to the final
thickness of the gel, insert the comb in the 0.3% layer, and solidify in the refrig-
erator. The wells are formed in the 0.3% agarose layer, and the 1% agarose will
act as a solid support. The genomic DNA should migrate much more slowly than
the A DNA (48.5-kb) size marker (29) (see Notes 19-21).

3.1.2. Preparation of the Cosmid Library

Prior to ligation into cosmid vectors, the genomic DNA must be cut into
random 45-kb fragments. The generation of random fragments of DNA is best
accomplished by using restriction endonucleases that cleave DNA frequently
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and recognize four base sequences (i.e., Sau3A). The restriction sites should
also have ends that are cohesive with the BamHI site present in the SuperCos 1
cosmid vector (Stratagene) used in the procedure below. A test reaction is run
on 10 pg of DNA to determine the ideal conditions for producing ~30-45-kb
genomic DNA fragments. Then these exact conditions are used to digest 100
pg of DNA.

1. Prepare six tubes with gel-loading buffer to stop the timed reactions. Add 10 pL
of gel-loading buffer to six microcentrifuge tubes, and label as 0-, 5-, 10-, 20-,
30-, and 45-min time-points.

2. Inanother empty microcentrifuge tube, combine 10 uL of 10X restriction enzyme
buffer, water, and 10 pg of genomic DNA, such that the final volume is 100 pL.
Gently mix the solution such that the DNA is evenly dispersed, and keep the tube
at 4°C (see Notes 22 and 23).

3. Remove 15 pL from the genomic DNA solution in step 2 above, and add to the
zero-time-point tube in step 1 above.

4. Add 0.5 U of Ndell, Sau3A, or Mbol to the genomic DNA mixture in step 2
above, and gently mix at 4°C. Incubate the tube at 37°C, and rotate the tubes
gently during the incubation (see Note 24).

5. AtS5, 10, 20, 30, and 45 min after the start of incubation at 37°C, stop the reaction
by removing 15 puL from the digesting genomic DNA. Add the aliquot to the
respective tubes containing the loading buffer prepared in step 1 above, and
gently mix.

6. Electrophorese the samples on a 0.3% agarose gel at 1 V/cm at 4°C using A DNA
as a marker. Observe the time of digestion that results in DNA that comigrates as
one large band with monomeric A DNA (48.5 kb). These exact conditions for the
digestion will be duplicated in step 7 below (see Note 25).

7. Repeat the above digestion on 10 aliquots each containing 10 pug of genomic
DNA using the same ideal digestion reaction conditions determined in steps 2—6
above. These next reactions are performed in 10 separate reactions of 100-uL vol
for identical time periods. The reactions are stopped by the addition of 1.5 puL of
0.5 M EDTA, pH 8.0. Electrophorese a 5-uL. sample to determine the size of the
digested DNA (see Note 26).

8. Pool the digested DNA, and extract with an equal volume of phenol/chloroform/
isoamyl alcohol as in steps 5 and 6 in Subheading 3.1.1.

9. Extract the aqueous phase with one equal volume of chloroform (see Note 27).

10. Add 0.1 vol of 3 M sodium acetate, pH 5.5, to the extracted DNA solution, and
mix gently to ensure a homogenous solution.

11. Carefully mix in 2.5 vol of 100% ethanol, stir, and place on ice for 30 min. Cen-
trifuge for 20 min at 15,000g at 4°C.

12. Wash the pellet with 500 UL of 70% ethanol, recentrifuge at 15,000g, and air-dry
the DNA pellet (see Note 28).

13. Gently mix the pellet in 50 uL of 1X CIP buffer to resuspend the DNA. Allow
adequate time for complete resuspension.
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14. Dephosphorylate the genomic DNA to prevent ligation of the ends by adding
2 uL of CIP 20-80 U/uL and increasing the final volume to 100 uL with 1X CIP
buffer. Mix well, and incubate for 1 h at 37°C.

15. Add 3 uL 0.5 M EDTA, pH 8.0, and heat-denature at 68°C for 10 min to denature
CIP.

16. Repeat steps 8—12 above to extract protein and precipitate the DNA.

17. Resuspend the DNA to a concentration of 1 pg/uL in TE buffer, and analyze 1 ug
on a 0.3% gel to ensure the integrity of the DNA has been maintained. The DNA
is now ready for ligation and packaging into the SuperCos I cosmid vector (see
Note 29).

18. The cosmid vector SuperCos I (Stratagene) is prepared for ligation to the genomic
DNA according to the manufacturer’s instructions (see Note 30).

19. One microgram of SuperCos I vector is ligated to 2.5 pg of chromosomal DNA,
and the ligation products are packaged into the Gigapack III XL packaging
extract (Stratagene) according to manufacturer’s directions (see Notes 31 and 32).

3.2. Synthesis of a cDNA Library Using Small Amounts of RNA

The following procedure can be used to synthesize a directionally cloned
cDNA library from small amounts of RNA by taking advantage of the ability
of the PCR to amplify the cDNA. The restriction enzyme sites are generated at
the 5" and 3" end using enzymes that rarely cut mammalian DNA. This allows
the cDNA to be readily cloned into vectors. This procedure is based on the
method of Domec et al. (31). In addition, the cDNA synthesized in this proce-
dure can be used to determine the sequences of 5" and 3’ specific ends of
mRNAs (see Chapter 2, Subheading 3.6.). It should also be noted that kits for
synthesis of cDNA libraries are also available from a number of commercial
sources as reviewed by DeFrancesco (32).

3.2.1. cDNA Synthesis

In order to ensure that there is no DNA in the RNA sample used for reverse
transcriptase (RT) PCR in the following procedure, a second control tube for
cDNA synthesis should be prepared as described below, except that RT is
absent from the reaction mix. The absence of any PCR product in this tube
indicates that there is no genomic DNA contamination.

1. Combine 1 ug of total RNA (or 200 ng of poly A* RNA) with 2 uL of degenerate
anchored oligo dT primer, and add DEPC-treated water to 12 uL. Heat to 70°C
for 10 min, and cool on ice (see Note 33).

2. Centrifuge the mixture for 10 s (pulse centrifuge) to spin down any condensed
liquid, and add 4 pL 5X first-strand buffer, 2 uL. 0.1 M DTT, and 1 uL 10 mM
dNTP mix. Mix and incubate at 42°C for 2 min (see Note 34).

3. Add 1 pL of SUPERSCRIPT II, and gently mix by pipeting. Incubate at 42°C for
50 min. Terminate the reaction by heating at 70°C for 15 min.
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Pulse centrifuge the tube, add 1 UL of E. coli RNase H, and incubate at 37°C for
20 min to remove RNA.

. Add enough DEPC-treated water to increase the volume to 50 uL. Extract the

diluted mixture once with 50 UL of phenol, pH 8.0: chloroform: isoamyl alcohol
(25:24:1) and once with chloroform (see Note 35).

Add 0.5 vol of 7.5 M ammonium acetate to the DNA solution, mix, and precipi-
tate with 2 vol of 100% ethanol, centrifuge and wash the pellet with 1 vol of 70%
ethanol, and air-dry as before in steps 10-12 of Subheading 3.1.2. (see Note 36).

. Dissolve the cDNA pellet in 9 UL water, add 4 pL of 5X buffer TdT, 2 uL dGTP,

and 5 UL terminal TdT. Incubate the mixture for 30 s at 37°C, and terminate the
reaction by immediately placing on ice (see Note 37).

. Immediately add 10 uL (0.5 vol) of 7.5 M ammonium acetate mix to the DNA

pellet and mix. Add 2 vol or 60 UL of 100% ethanol, mix, centrifuge the pellet,
and air-dry the pellet.

. Dissolve the single-strand G-tailed cDNA in 41 pL of water, 5 uL. 5X KlenTaq

polymerase buffer, I WL ANTP mix, 1 uL 5" sense primer, 1 uL 3’ antisense
adapter primer, and 1 UL Advantage™ KlenTaq polymerase, final volume of
50 uL. Incubate at 95°C for 5 min, followed by 25 cycles of 1 min at 95°C (dena-
turation), 1 min at 50°C (annealing), and 4 min at 70°C (extension). The final
extension cycle conditions are for 5 min at 70°C. The cDNA is now double-
stranded and amplified (see Note 38).

Remove 5 UL of the amplified cDNA, and analyze the products by electrophore-
sis on a 1.0% ethidium bromide-stained agarose gel. Most of the double-stranded
cDNA should be > 1.5 kb in size.

Increase the volume of the amplified cDNA mixture to 150 uL, and add 0.1 vol
of 3 M sodium acetate, pH 5.5. Extract the mixture with 1 vol of phenol, pH 8:0
chloroform:isoamyl alcohol (25:24:1). Remove the aqueous layer, and extract it
again with 1 vol of chloroform. Precipitate the aqueous layer with 2 vol of 100%
ethanol, wash the precipitate with 70% ethanol, and dry. Add sterile distilled
water to an approximate concentration of 1 to 0.1 pg/uL (see Note 39).

3.2.2. Cloning of the cDNA

1.

2.

3.

Digest 1 pug of the amplified cDNA with 2 pL of 10X universal buffer (final
concentration of 2X universal buffer), 2 U of Sall, and 2 U of Notl in a final
volume of 10 UL for 60 min at 37°C (see Note 40).

Increase the volume of the digested amplified cDNA mixture to 50 uL, add 0.1 vol
of 3 M sodium acetate, pH 5.5, and extract with 1 vol of phenol-chloroform-
isoamyl alcohol. Extract the aqueous phase again with 1 vol of chloroform. Pre-
cipitate the aqueous layer with 2 vol of 100% ethanol, wash the precipitate with
70% ethanol, and dry. Add sterile distilled water to an approximate concentration
of 100 ng/uL.

The Zap Express® vector is prepared for ligation by double-digesting the vector
with Notfl and Sall, and dephosphorylating the vector with CIP according to the
manufacturer’s instructions (Stratagene) (see Note 41).
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4.

Mix 50-100 ng cDNA with Notl- and Sall-digested ends with 1 pg of Zap
Express® arms with 1 puL of 10X ligase buffer, 1 uL. 10 mM ATP, and water up to
a final volume of 9 uL. Add 1 pL (400 U) T4 DNA ligase, mix, and incubate at
4°C overnight (see Note 42).

Package the ligation mix into Gigapack III Plus or Gigapack III Gold packaging
extracts (Stratagene) according to manufacturer’s directions (see Note 43).

The library should be amplified only once so that slower-growing clones will not
be underrepresented. Plaques are plated for library screening, and the isolated
plaque excised with a helper phage to form recombinant plasmids (phagemid
vector) for transformation of E. coli as described in the Stratagene manual.

4. Notes

1.

Materials should be free of RNase. Gloves should be worn at all times, and con-
tamination should be diligently avoided by using sterile microbiological tech-
niques. Autoclaving does not denature RNases.

With the exception of Tris solutions, all aqueous solutions should be made
RNase-free by treating with DEPC. Tris inactivates DEPC and, thus, should be
autoclaved and filter-sterilized (0.2-um filter).

DEPC is a carcinogen and absorbs water. Thus, the DEPC container should be
stored in a desiccator at 4°C. The bottle of DEPC should be opened underneath
the hood with full eye, face, and skin protection in the event of the buildup of
pressure inside the bottle. When DEPC absorbs water from the air, it reacts with
water, and decomposes to form carbon dioxide and ethanol. The carbon dioxide
builds up pressure in a tightly capped bottle, and can explode the bottle and spray
the remaining DEPC everywhere (33).

Total RNA isolation procedures based on the acid guanidinium thiocyanate-
phenol-chloroform extraction of Chomczynski and Sacchi (34) have been
described previously (29,35). Several kits, such as TRIzol (Life Technologies)
are also available and are very convenient for isolation of intact total RNA.

. The A,g0/Asg ratio of clean RNA is 2.0, and samples will range from 1.7 to 2.0.

An additional absorption reading can be taken at 230 nm to identify polysaccha-
ride levels where an A,43/A,3, ratio of 2.0 is ideal. Scans from 200 to 300 nm will
also be useful in revealing the presence of contaminants (36). One absorbance
unit at 260 nm is the equivalent of 44.19 pug/mL of RNA (37).

Poly (A)* RNA, which accounts for about 1-2% of total RNA, can enrich the
synthesis of cDNA from messenger RNA. If there is enough tissue, the poly(A)*
RNA can be isolated via oligo dT cellulose, which binds the poly (A)* tail
(29,37,38). Kits, such as The FastTrack 2.0 mRNA Isolation Kit from Invitrogen
Corp. (San Diego, CA), can also be conveniently used to isolate Poly(A)*RNA
either directly from tissue or from total RNA.

Any remaining DNA must be removed by treating the RNA sample with RNase-
free DNase I according to manufacturer protocols, followed by phenol/chloro-
form extraction and ethanol precipitation.

The integrity of the total RNA must also be determined. The 18S and 28S riboso-
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mal RNA bands can be observed on a regular (nondenaturing) 1.0% agarose gel
after electrophoresis of 2 pg of total RNA, which is not degraded (37). It is not
absolutely necessary to run a formaldehyde-denaturing agarose gel to ascertain
the integrity of the RNA unless you are planning to analyze message content by
Northern blot analysis. Undegraded poly A* RNA should be apparent after elec-
trophoresis as a smear of 200 bp to 10 kb RNA stained with ethidium bromide.

. The isolated RNA should be stored at —70°C in formamide rather than water for

long-term storage (39). Four volumes of 100% ethanol can be used to precipitate
the RNA from the formamide. Alternatively, RNA can be stored as a precipitate
in ethanol at =70°C.

There are several kits available for RNA isolation, and they are described by
Lewis (40) and DeFrancesco (41,42).

The degenerate primer is designed with an adapter containing EcoRI-NofI sites at
the 5" end, a center stretch of Ts for annealing/priming to the poly A* RNA, and
two degenerate bases at the 3" end for anchoring the primer specifically to the
5" end of the poly A tail of mRNA. This eliminates heterogeneity in the initial
priming position. These are similar to primers used in the differential display
technique (43).

This enzyme is a Moloney Murine Leukemia Virus (M-MLV) with a deleted
RNase H activity for the reverse transcription of full-length products. It can be
incubated at 50°C for the synthesis of cDNA from RNA containing extensive
secondary structures. Other RT enzymes can also be used, such as Avian Myelo-
blastosis Virus (AMV) or M-MLV.

This primer will bind to the oligo dG-tailed cDNA (from step 9 in Subheading
3.2.1.) and will provide multiple cloning sites of Xhol, Sall, and Clal.

For cells in a monolayer, first trypsinize the cells, and collect the cell pellet by
centrifugation (5 min at 500g). Then wash the cells twice with 1-10 mL ice-cold
phosphate-buffered saline (PBS), resuspend 10% cells in 1 mL digestion buffer
cells, and proceed to step 3 in Subheading 3.2.1. for digestion.

It is critical that the tissue be pulverized, and any “chunks” should be removed
from the powder. The tissue can be minced before freezing to aid in the pulveri-
zation. Alternatively, a stainless-steel Waring Blendor can be used to blend the
tissue into a powder in the presence of liquid nitrogen. Finally, a prechilled ham-
mer can be used to pulverize the frozen tissue (placed between two right-side-up
plastic weighing boards) on a block of dry ice.

If the pH of the buffered phenol is < 8.0, DNA will be trapped at the interface. In
addition, phenol is very caustic, so gloves, goggles, and proper laboratory attire
should be worn. If skin contact is made with the phenol, wash with copious
amounts of water, and apply a sodium bicarbonate paste. Do not wash with etha-
nol, which will act as a vehicle for absorption of phenol into the skin!

Plan on leaving sufficient room in the dialysis bag for the solution to double in
volume. Ethanol precipitation of the DNA will result in the isolation of DNA of
smaller fragment sizes (100-150 kb). Since the initial digestion buffer included
RNase, there is no need to remove RNA at this step, thus saving additional organic



Library Construction 29

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

extractions and dialysis. DNA should be ready for use. Expect about 2 mg of
DNA/g of tissue or 10° cells (44).

Lower ratios indicate protein contamination, and the DNA should be
deproteinized again by adding SDS to a concentration of 0.5% and following
steps 4-7 in Subheading 3.2.1.

Pulsed-field gel electrophoresis can also be used to separate high-mol-wt DNA
and will do so with better resolution than standard gel electrophoresis.
Concatemers of A DNA in agarose blocks can be ordered from Pharmacia Biotech
(Piscataway, NJ) for more accurate size markers. Alternatively, A DNA mol-
ecules can be ligated together at 16°C in a T4 DNA ligation reaction. The A DNA
cohesive ends are disrupted by heating the DNA for 5 min at 56°C followed
by ligation at 37°C. This results in the formation of a A 50-kb concatemer
ladder (29).

After pipeting the viscous DNA into the well, the pipet tip should be gently drawn
across the back of the well to break off the DNA from the tip. If this is not done,
the sample may “wick” out of the well as the tip is drawn out. Alternatively, the
sample may be loaded in a “dry” well, and then the electrophoresis buffer care-
fully added to immerse the gel. After loading the wells, allow a few minutes for
the DNA to distribute evenly throughout the well.

Use a wide-mouth pipet tip for aliquoting DNA to avoid shearing.
Occasionally, restriction enzyme preparations, such as Sau3A or Mbol, do not
produce cohesive ends that can be ligated to BamHI overhangs. Thus, the 4-base
cutter restriction enzyme should be tested prior to cutting genomic DNA to make
sure that the overhangs will ligate into the BamHI cut vector. This is accom-
plished by digesting DNA of a known sequence with the 4-base cutter enzyme
and ligating the expected fragments into a vector cut with BamHI. The size of
the cloned recombinant vector can then be determined by electrophoresis, and
the presence of ligated products evaluated.

Incompletely mixing the enzyme with the viscous DNA can interfere with the
digestion. An alternative method involves incubating the genomic DNA, the
restriction enzyme, and the restriction enzyme buffer in the absence of Mg?* over-
night at 4°C while gently mixing. The reaction is initiated the following day at
37°C by the addition of Mg?* and gentle stirring (45).

Alternatively, this partial digestion test could be performed by using different
amounts of restriction endonuclease for identical time periods. The integrity of
the DNA can also be visually ascertained by observing the viscosity of the DNA,
where the loss of viscosity indicates that the fragments are too small.

The same DNA stock solution used previously for the test reaction should also be
used for the scaled-up reaction. Digestion of the DNA in 10 identical reactions is
preferred, since scaling up the reaction to 1 mL does not always successfully
duplicate the previous smaller reaction volume conditions.

This step removes excess phenol and remaining protein from the aqueous layer
or top layer. If it is difficult to remove the last portion of the chloroform because
of the inversion of the chloroform layer as a bubble, recentrifuge and place the
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pipet tip in the lower organic phase, and remove as much chloroform as possible.
Recentrifuge and remove the remaining top aqueous layer.

Do not dry completely, or the DNA will be difficult to dissolve.

As an added precaution, the genomic DNA can be further fractionated by size
using either a sucrose gradient (29) or agarose gel (46). Size fractionation will
ensure that short DNA fragments (<30 kb) will not compete for the SuperCos I
vector. However, even if these fragments are incorporated, the cosmid will be too
small to be packaged into the library. Thus, size fraction is not considered to be
absolutely necessary, especially when chromosomal DNA is in short supply.
This involves linearizing the vector by digestion with Xbal, dephosphorylating
the ends with CIP, and creating two cosmid vector arms (1.1 and 6.5 kb) by
digestion with BamHI. SuperCos I vector also has two tandem cos sites that are
separated by the Xbal restriction site. The cos sites on each arm will prevent the
packaging of cosmid concatemers without inserts and will efficiently package
DNA that has not been size fractionated (47). BamHI provides a site with phos-
phorylated ends within the polylinker for ligation of the dephosphorylated
genomic DNA.

A/Cosmid packaging extracts can also be made, but for convenience and quality
assurance, it is recommended that these packaging extracts be purchased (29,48).
When small quantities of tissue are involved and it is difficult to isolate 200-kb
size DNA using the above standard procedures, an alternative technique can be
used. The 200-kb genomic DNA is isolated in agarose blocks and is separated by
pulsed-field gel electrophoresis. The methodology involves the immobilization
of the pulverized tissue or other cellular samples in agarose blocks using 1-mL
transfer pipets as a form for the agarose block. Deproteinization and restriction
enzyme digestion and dephosphorylation are all done within the agarose block to
maintain the high molecular weight of the genomic DNA. The DNA is then phenol/
chloroform-extracted from the agarose and ligated into the SuperCos I vector
(29,49).

Heating the RNA to a high temperature will melt secondary structures, and quick
cooling will keep the RNA denatured.

At this point, an RNase inhibitor, such as RNasin® Ribonuclease Inhibitor from
Promega Corporation (Madison, WI), can be added to a concentration of 1 U/uL.
to prevent any extraneous RNA degradation. However, the water from the first
step should be reduced in anticipation of the addition of the RNase inhibitor.
The yield of DNA will be somewhat improved if the lower phenol layer is back-
extracted. That is, the phenol layer is saved, and an equal volume of TE buffer
(pH 8.0) is again added to the phenol. The sample is vortexed, centrifuged, and
the aqueous layers from each extraction are combined.

It is important to remove all the dNTPs in preparation for the following step.
Precipitation with ammonium acetate removes dNTPs more efficiently than does
sodium acetate.

This procedure adds approx 15 dGp residues to the 3’ terminus of the cDNA.
Addition of more than 15 dG can create a long, GC-rich region with the second-
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ary structure of DNA that can interfere with transcription of cDNA species. The
appropriate conditions for the tailing reaction can be checked by testing the
conditions with a linear plasmid (pBluescript® IT) cut with PsfI and then tailing
with dGTP and terminal deoxynucleotidyl transferase. The length of the tailed
DNA can be determined after digestion of the DNA with Hinfl and electrophores-
ing the sample on a 6% denaturing polyacrylamide gel stained with ethidium
bromide.

The Advantage™ KlenTaq polymerase uses a mix of two enzymes to perform
long-distance PCR while proofreading the DNA synthesis. Tag DNA polymerase
is the major enzyme and is deficient in 5" exonuclease activity. Tth DNA poly-
merase is present in small amounts, and has 5" exonuclease activity for removing
mismatches between a target and primer, thus providing proofreading and effi-
cient primer extension capabilities. In addition, the enzyme mix includes a
TagStart antibody that mediates a “hot-start” reaction after the temperature is
raised to 70°C. This will activate the DNA polymerases at elevated temperatures
and eliminate nonspecific priming to the template.

At this point, the amplified cDNA can either be used for rapid amplification of
cDNA ends (RACE or one-sided anchored PCR) (see Subheading 3.6. in Chap-
ter 2), or it can be cloned into a vector to synthesize a cDNA library for screening
(see Subheading 3.2.2.).

Restriction digest of the Sall and Notl restriction endonuclease sites at the 5" and
3" ends of the cDNA, respectively, will allow directional cloning into the Zap
Express® vector. The frequency with which these enzymes cleave mammalian
DNA is extremely low, and as a result, the cDNA does not need to be protected
(29).

The Zap Express® vector has 12 unique cloning sites for directional cloning, and
it has the high cloning efficiency typical of A vectors. Recombinant DNA can be
selected by blue/white screening. In addition, the DNA insert within the A phage
can be excised and converted into a Bluescript plasmid. The library can also
serve as an expression library where a cytomegalovirus (CMV) promoter ini-
tiates transcription. A neomycin-resistant gene enables selection of stable trans-
fected eukaryotic cells.

Ligate using an equal molar ratio of vector to insert to prevent multiple inserts
from ligating together.

Extracts can also be prepared, but those supplied by the manufacturers are more
efficient and easier to use (29,50).

References

1.

2.

Emilien, G. and Maloteaux, J. M. (1998) Current therapeutic uses and potential of
B-adrenoceptor agonists and antagonists. Eur. J. Clin. Pharmacol. 53, 389-404.

Ruffolo, R. R., Bondinell, W., and Hieble, J. P. (1995) o~ and B-adrenoceptors:
From the gene to the clinic. 2. Structure—activity relationships and therapeutic
applications. J. Med. Chem. 38, 3681-3716.



32

10.

11.

12.

13.

14.

15.

16.

17.

18.

Scofield, Deupree, and Bylund

. Ahlquist, R. P. (1948) A study of adrenotropic receptors. Am. J. Physiol. 153,

586-600.

. Bylund, D. B. (1988) Subtypes of o,-adrenoceptors: pharmacological and

molecular biological evidence converge. Trends Pharmacol. Sci. 9,356-361.

. Bylund, D. B., Eikenberg, D. C., Hieble, J. P., Langer, S. Z., Lefkowitz, R. J.,

Minneman, K. P., et al. (1994) IV. International Union of Pharmacology Nomen-
clature of Adrenoceptors. Pharmacol. Rev. 46, 121-136.

Johnson, R. D. and Minneman, K. P. (1987) Differentiation of o;-adrenergic
receptors linked to phosphatidylinositol turnover and cyclic AMP accumulation
in rat brain. Mol. Pharmacol. 31, 239-246.

. Minneman, K. P., Han, C., and Abel, P. W. (1988) Comparison of o,;-adrenergic

receptor subtypes distinguished by chloroethylclonidine and WB4101. Mol.
Pharmacol. 33, 509-514.

. Morrow, A. L. and Creese, I. (1986) Characterization of o;-adrenergic receptor

subtypes in rat brain: a reevaluation of SH-WB 4101 and 3H-prazosin binding.
Mol. Pharmacol. 29, 321-330.

. Cotecchia, S., Schwinn, D. A., Randall, R. R., Lefkowitz, R. J., Caron, M. G., and

Kobilka, B. K. (1988) Molecular cloning and expression of the cDNA for the
hamster o,-adrenergic receptor. Proc. Natl. Acad. Sci. USA 85, 7159-7163.
Ford, A. P. D. W., Williams, T. J., Blue, D. R., and Clarke, D. E. (1994)
o;-Adrenoceptor classification: sharpening Occam’s razor. Trends Pharmacol.
Sci. 15, 167-170.

Schwinn, D. A., Lomasney, J. W., Lorenz, W., Szklut, P. J., Fremeau, R. T., Jr.,
Yang-Feng, T. L., etal. (1990) Molecular cloning and expression of the cDNA for
a novel a,-adrenergic receptor subtype. J. Biol. Chem. 265, 8183-8189.
Lomasney, J., Cotecchia, S., Lorenz, W., Leung, W. Y., Schwinn, D. A., Yang-
Feng, T. L., et al. (1991) Molecular cloning and expression of the cDNA for the
o a-adrenergic receptor: the gene for which is located on human chromosome 5.
J. Biol. Chem. 266, 6365—-6369.

Perez, D. M., Piascik, M. T., and Graham, R. M. (1991) Solution-phase library
screening for the identification of rare clones: isolation of an o.;p-adrenergic
receptor cDNA. Mol. Pharmacol. 40, 876-883.

Muramatsu, I., Ohmura, T., Hashimoto, S., and Oshita, M. (1995) Functional sub-
classification of vascular o;-adrenoceptors. Pharmacol. Commun. 6, 23-28.
Oshita, M., Kigoshi, S., and Muramatsu, I. (1991) Three distinct binding sites for
[*H]-prazosin in the rat cerebral cortex. Br. J. Pharmacol. 104, 961-965.

Ford, A. P. D. W., Daniels, D. V., Chang, D. J., Gever, J. R., Jasper, J. R., Lesnick,
J. D., et al. (1997) Pharmacological pleiotropism of the human recombinant
oy a-adrenoceptor: implications for o-adrenoceptor classification. Br. J. Pharma-
col. 121, 1127-1135.

Bylund, D. B. (1992) Subtypes of o;- and o,-adrenergic receptors. FASEB J. 6,
832-839.

Blaxall, H. S., Murphy, T. J., Baker, J. C., Ray, C., and Bylund, D. B. (1991)



Library Construction 33

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Characterization of the alpha-2C adrenergic receptor subtype in the opossum kid-
ney and in the OK cell line. J. Pharmacol. Exp. Ther. 259, 323-329.

Murphy, T. J. and Bylund, D. B. (1988) Characterization of alpha-2 adrenergic
receptors in the OK cell, an opossum kidney cell line. J. Pharmacol. Exp. Ther.
244, 571-578.

Michel, A. D., Loury, D. N., and Whiting, R. L. (1989) Differences between
o, adrenoceptor in rat submaxillary gland and the o, 4- and o,g-adrenoceptor sub-
types. Br. J. Pharmacol. 98, 890-897.

Simonneaux, V., Ebadi, M., and Bylund, D. B. (1991) Identification and charac-
terization of ot,p-adrenergic receptors in bovine pineal gland. Mol. Pharmacol.
40, 235-241.

Lands, A. M., Arnold, A., McAuliff, J. P., Luduena, F. P., and Brown, T. G. (1967)
Differentiation of receptor systems activated by sympathomimetic amines. Nature
214, 597,598.

Arch, J. R. S., Ainsworth, M. A., Cawthorne, M. A., Piercy, V., Sennitt, M. V.,
Thody, V. E., et al. (1984) Atypical B-adrenoceptors on brown adipocytes as a
target for anti-obesity drugs. Nature 309, 163-165.

Bond, R. A. and Clarke, D. E. (1988) Agonist and antagonist characterization of a
putative adrenoceptor with distinct pharmacological properties from the alpha-
and beta-subtypes. Br. J. Pharmacol. 95, 723-734.

Galitzky, J., Langin, D., Verwaerde, P., Montastruc, J. L., Lafontan, M., and
Berlan, M. (1997) Lipolytic effects of conventional ;-adrenoceptor agonists and
of CGP 12,177 in rat and human fat cells: preliminary pharmacological evidence
for a putative B,-adrenoceptor. Br. J. Pharmacol. 122, 1244-1250.

Kaumann, A. J. (1997) Four B-adrenoceptor subtypes in the mammalian heart.
Trends Pharmacol. Sci. 18, 70-76.

Kaumann, A. J., Preitner, F., Sarsero, D., Molenaar, P., Revelli, J. P., and
Giacobino, J.-P. (1998) (—)-CGP 12177 causes cardiostimulation and binds to
cardiac putative B4-adrenoceptors in both wild-type and Bs-adrenoceptor knock-
out mice. Mol. Pharmacol. 53, 670-675.

Sarsero, D., Molenaar, P., and Kaumann, A. J. (1998) Validity of (-)-[3H]-CGP
12177A as aradioligand for the ‘putative beta4-adrenoceptor’ in rat atrium. Br. J.
Pharmacol. 123, 371-380.

Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) Molecular Cloning: A Labo-
ratory Manual, 2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY.

Delidow, B. C., Lynch, J. P., Peluso, J. J., and White, B. A. (1996) Polymerase
chain reaction: basic protocols, in Methods in Molecular Biology: Basic DNA and
RNA Protocols, vol. 58 (Harwood, A. J., ed.), Humana, Totowa, NJ, pp. 275-292.
Domec, C., Garbay, B., Fournier, M., and Bonnet, J. (1990) cDNA library con-
struction from small amounts of unfractionated RNA: Association of cDNA syn-
thesis with polymerase chain reaction amplification. Anal. Biochem. 188,
422-426.



34

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Scofield, Deupree, and Bylund

DeFrancesco, L. (1997) Don’t clone alone: A profile of cDNA libraries and kits.
The Scientist 11, 16, http://www.the-scientist.library.upenn.edu/yr1997/sept/
profilel_970915.html.

Scofield, M. A., Sun, L., and Pettinger, W. A. (1992) Spontaneous hazardous
explosion of unopened bottles of diethyl pyrocarbonate. Biotechniques 12,
820,821.

Chomczynski, P. and Sacchi, N. (1987) Methods of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal. Biochem. 162,
156-159.

Mukhopadhyay, T. and Roth, J. A. (1998) Isolation of total RNA from tissues or
cell lines, in Methods in Molecular Biology, vol. 86: RNA Isolation and Charac-
terization Protocols (Rapley, R. and Manning, D. L., eds.), Humana, Totowa,
NIJ, pp. 55-59.

Rapley, R. and Heptinstall, J. (1998) UV Spectrophotometric analysis of ribo-
nucleic acids, in Methods in Molecular Biology, vol. 86: RNA Isolation and
Characterization Protocols (Rapley, R. and Manning, D. L., eds.), Humana,
Totowa, NJ, pp. 65-68.

Farrell, R. E. (1993) A laboratory guide for isolation and characterization, in RNA
Methodologies Academic, San Diego, CA, pp. 76-82.

Bryant, S. and Manning, D. L. (1998) Isolation of messenger RNA, in Methods in
Molecular Biology, vol. 86: RNA Isolation and Characterization Protocols
(Rapley, R. and Manning, D. L., eds.), Humana, Totowa, NJ, pp. 61-64.
Chomeczynski, P. (1992) Solubilization in formamide protects RNA from degra-
dation. Nucleic Acids Res. 20, 3791-3792.

Lewis, R. (1997) Kits take the trickiness out of RNA isolation, purification. The
Scientist 11, 16,17, http://www.the-scientist.library.upenn.edu/yr1997/mar/
tools_970331.html.

DeFrancesco, L. (1998) Getting RNA out of cells quickly is the name of the game
with total RNA purification kits. The Scientist 12, 20-23, http:www.the-
scientist.library.upen.edu/yr1998/sept/profile2_980914.html.

DeFrancesco, L. (1998) Oligo(dT) takes on a variety of faces in kits for the puri-
fication of mRNA. The Scientist 12, 21, http://www.the-scientist.library.
upenn.edu/yr1998/may/profile2_980525.html.

Ausubel, F., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith,
J. A, et al. (1994) Differential display of mRNA by PCR, in Current Protocols
in Molecular Biology, vol. 2, Wiley, Interscience, New York, pp. 15.8.1.-15.8.8.
Ausubel, F., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A.,
et al. (1998) Preparation of genomic DNA from mammalian tissue, in Current
Protocols in Molecular Biology, vol. 1, Wiley, Interscience, New York,
pp- 2.2.1-2.2.3.

Pierce, J. C. and Sternberg, N. L. (1992) Using Bacteriophage P1 system to clone
high molecular weight genomic DNA, in Methods in Enzymology, vol. 216 (Wu,
R., ed.), Academic, San Diego, CA, pp. 549-574.



Library Construction 35

46.

47.

48.

49.

50.

Ausubel, F., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A.,
and Struhl, K. (1987) Size fractionation using agarose gels, in Current Protocols
in Molecular Biology, vol. 1, Wiley, Interscience, New York, pp. 5.4.1.-5.4.4.
Evans, G. A., Lewis, K., and Rothenberg, B. E. (1989) High efficiency vectors for
cosmid microcloning and genomic analysis. Gene 79, 9-20.

Dale, J. W. and Greenaway, P. J. (1996) In vitro packaging of DNA, in Methods
in Molecular Biology, vol. 58: Basic DNA and RNA Techniques (Harwood, A. J.,
ed.), Humana, Totowa, NJ, pp. 171-175.

Briley, G. P. and Bidwell, C. A. (1994) Use of agarose block DNA to make cosmid
libraries. Biotechniques 17, 278,279.

Ausubel, F., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A.,
et al. (1988) Plating lambda phage to generate plaques, in Current Protocols in
Molecular Biology, vol. 1, Wiley, Interscience, New York, pp. 1.11.1.-1.11.4.



2

Isolation of Adrenergic Receptor Genes

Margaret A. Scofield, Jean D. Deupree, and David B. Bylund

1. Introduction

In order to isolate a single gene, phage or cosmid libraries can be screened
by the conventional technique of hybridization as described by Sambrook et al.
(1) using end-labeled oligonucleotide probes or gene-specific probes. The
probes are labeled either by nick translation, end labeling, or random priming
using radioactive or nonradioactive techniques. Newer methods that use poly-
merase chain reaction (PCR) to screen phage libraries have been described by
Yu and Bloem (2). Below, we describe a method for screening a cosmid library
using PCR rather than a conventional colony hybridization technique. The
methodology is based on a report by Takumi and Lodish (3). The cosmid
libraries produce transformed bacterial colonies containing large cosmid vec-
tors that behave as plasmids. These plasmids can be extracted from the bacteria
by standard techniques for plasmid isolation once the appropriate clone is
selected.

2. Materials
2.1. Cosmid Genomic Library Screening

1. Cosmid genomic library (see Subheading 3.1.2. in Chapter 1).

2. Luria-Bertani (LB) media: Dissolve 10 g Bacto-tryptone, 5 g Bacto-yeast
extract, and 10 g NaCl in 1 L distilled water. Final solution is adjusted to pH 7.0
with approx 200 pL of 5 N NaOH and is sterilized by autoclaving.

3. LB agar plates: 15 g Bacto-agar in 1 L of LB media, sterilized by autoclaving,
cooled to 55°C, and 30-35 mL poured into an 85-mm Petri dish and cooled.

4. 10 mg/mL kanamycin in water, sterilized by filtration through a 0.22-um filter
and stored at —20°C.
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LB/kanamycin plates: sterile kanamycin is added to 50-55°C molten LB agar
(item 3 above) to a concentration of 25 wg/mL, mixed, and 30-35 mL of the
molten agar poured into an 85-mm Petri dish and cooled.

Gene-specific sense primer (25 pmol/uL water) and gene-specific antisense
primer (25 pmol/uL water): synthetic oligonucleotide primers designed by the
investigator (see Subheading 3.3.).

10X PCR buffer: 500 mM KCl and 100 mM Tris-HCI, pH 8.3 (supplied with Taq
DNA polymerase).

25 mM MgCl, in water (supplied with Tag DNA polymerase).

10 mM dNTP mix: dATP, dCTP, dTTP, dGTP, each dissolved in water at a con-
centration of 10 mM.

Tag DNA polymerase (5 U/uL) (Perkin-Elmer Foster City, CA or other supplier
of licensed Taqg DNA polymerase).

PCR mix for one 50-uL reaction: 5 uL. 10X PCR buffer, 4 uL 25 mM MgCl,
(final 2 mM), 0.5 uL. 25 pmol/uLL gene-specific sense primer (final 0.25 pmol/uL),
0.5 uL 25 pmol/uL gene-specific antisense primer (final 0.25 pmol/uL), 1 pL
dNTP mix, 0.25 uL Tag DNA polymerase (5 U/uL), and 38.75 UL sterile water.
2% Agarose gel.

10X TAE electrophoresis buffer: 0.40 M Tris-acetate and 10 mM disodium EDTA
(TAE), 48.4 g Tris base, and 3.72 g disodium EDTA in 850 mL water are
adjusted to pH 8.0 with 10.6 mL glacial acetic acid, and the final volume is
increased to 1 L with water.

Sterile 96-well microtiter dishes.

Glycerol: sterilized.

Analysis and Sequencing

Restriction endonuclease enzymes.

2. Hybrid phage/plasmid vector: Bluescript II (Stratagene, La Jolla, CA), pUC 18/19

[O8]

2.3.

—_

b

(Life Technologies, Gaithersburg, MD).

Sequencing primers.

DNA sequencing facility or DNA sequencing kit: Sequenase DNA polymerase
Version 2.0 kit (Amersham Life Sciences, Arlington Heights, IL) or Thermo
Sequenase cycle sequencing kit (Amersham Life Sciences).

Oligonucleotide synthesis facility.

Selection of Primers for PCR

Oligonucleotide synthesis facility.

. Sequences of adrenergic receptor subtype genes.

Computer programs for analyzing primers: Oligo 5.0 (National Biosciences, Ply-
mouth, MN) or Prime (Genetics Computer Group [GCG], Madison, WI).
Computer programs for comparing DNA sequences: Pileup program (GCG).
PCR enzymes and reagents.

Thermal cycler.
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Reverse Transcription and Selection of Primers

Oligonucleotide synthesis facility.

Sequences of adrenergic receptor gene subtypes.

Computer programs for analyzing primers.

Computer programs for comparing DNA sequences.

Random hexamers, oligo dT;; primers or gene-specific antisense primers.
Reverse transcriptase enzymes.

PCR enzymes and reagents.

Thermal cycler.

. Cloning of PCR Products

Cloning vectors.

TA cloning kits: TA Cloning or TOPO-Cloning kit (Invitrogen, Carlsbad, CA).
Restriction endonucleases.

Supplies for bacterial plating.

Procedures and kits for plasmid isolation.

Rapid Amplification of cDNA Ends (RACE)

cDNA with 3" antisense adapter primer (see item 2) and 5" sense adapter primer
(see item 3) on respective ends (see Chapter 1, step 11 in Subheading 3.2.1.).
3’ antisense adapter primer: TTCCGGAATTCAGCGGCCGC 25 uM (see
Chapter 1, item 20 in Subheading 2.2.1.).

5" Sense adapter primer: GACTCGAGTCGACATCGAC 25 uM: primer derived
from 5" sense primer without the oligo dC tail (see Chapter 1, item 17 in
Subheading 2.2.1.).

Gene-specific sense primer (25 pmol/uL in water) and gene-specific antisense
primer (25 pmol/uL in water): synthetic oligonucleotide primers designed by the
investigator based on the sequence of the gene-specific PCR product isolated in
step 4 of Subheading 3.5.

10 mM dNTP mix.

10X PCR buffer: 500 mM KCl and 100 mM Tris-HCI, pH 8.3 (Perkin-Elmer).
25 mM MgCl, (supplied with Tag DNA polymerase).

Tag DNA polymerase (5 U/uL) Perkin-Elmer or other supplier of licensed Taq
DNA polymerase.

100-Fold dilution of amplified cDNA from above (10-100 ng/uL).

. Second internal gene-specific sense primer (25 pmol/uL in water) and second

internal gene-specific antisense primer (25 pmol/uL in water): nested PCR syn-
thetic oligonucleotide primers designed by the investigator based on the sequence
of the gene-specific PCR product isolated in step 4 of Subheading 3.5., and
internal to the gene-specific sense and antisense primers in item 4 above.
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3. Methods
3.1. Cosmid Genomic Library Screening

1. Titer the cosmid library by making the appropriate serial dilutions in cold LB/
kanamycin (25 pg/mL) media and plating the dilutions on LB agar/kanamycin
(25 pg/mL) plates. The plates are incubated overnight at 37°C and the colony-
forming units/mL (CFU/mL) are determined (see Note 1).

2. Mix the cosmid library, and remove 16 aliquots such that each aliquot contains
1 x 10° colonies/1 mL. Place the aliquots in separate microcentrifuge tubes.

3. Prepare a PCR master mix for a fraction more than the number of reactions
(16 reactions and 2 controls) actually required (i.e., 18.5 reactions), or 92.5 uL
10X PCR buffer, 74 uL MgCl,, 9.25 pL gene-specific sense primer, 9.25 uL
gene-specific antisense primer, 18.5 UL dNTP mix, 4.6 uL. Tag DNA polymerase,
and 716.9 uL sterile water (see Note 2).

4. After mixing the master mix, distribute 49 UL into 18 tubes. Place 1 uL from
each of the 16 aliquots of the library into 16 of the tubes containing the master
mix. Add 1 puL of water to 49 UL of master mix of the 17th tube, thus providing a
negative control or no DNA template. Use the 18th tube as the positive control by
adding the appropriate nanogram amount of genomic DNA in 1-49 uL of
master mix.

5. Amplify the 1 uL aliquots of the library and the two controls according to previ-
ously determined PCR conditions for approx 35 cycles (see Notes 3 and 4).

6. Electrophorese the PCR products through a 2% agarose gel containing 0.5 pg/mL
ethidium bromide, and visualize with UV light.

7. Dilute the specific library pools or aliquots of cosmid that give a PCR product of
the appropriate size to a concentration of about 30,000 clones/mL with LB/
kanamycin media, or increase the volume of the aliquot by 3.3 vol. Aliquot 100 uL.
of each dilution (3000 colonies/well) into wells of a 96-well microtiter dish (see
Note 5).

8. Pool the rows and columns of the above dilutions in the following way: combine
10 uL of each well in the column into a microcentrifuge tube to give a final
volume of 120 UL from the columns; combine 10 puL from each well in the rows
into a microcentrifuge tube to give a final volume of 80 uL for the rows.

9. Remove 2.5 uL from each of the tubes containing pools of the respective col-
umns and rows, and amplify the diluted cosmids using PCR master mixes and
positive and negative controls as in steps 3 and 4.

10. Analyze the amplified products by gel electrophoresis to identify the tube from
the pooled columns and the tube from the pooled rows that demonstrate the pres-
ence of the appropriate PCR product. The well that intersects between a positive
pooled column and a positive pooled row is indicative of a positive clone being
present in the 30,000 clones/mL diluted wells.

11. Dilute this positive aliquot to 300 colonies/mL by increasing the volume 100-
fold with the addition of approx 10 mL with LB/kanamycin media.
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12.

13.
14.

15.

16.

17.

18.

19.

20.

3.2.

Aliquot 100 pL (30 colonies) of the diluted mixture into additional 96-well
microtiter dishes.

Repeat steps 7-9 above to identify a positive clone.

Plate the entire volume of the well with the positively identified clone on LB
agar/kanamycin plates.

Toothpick each colony into individual wells of the 96-well microtiter dishes con-
taining 100 pL of LB/kanamycin media, and grow for 6-8 h.

Pool and PCR 1-uL aliquots to identify positive clones as in steps 7-9 above.
Grow any individual colonies that amplify the apparent gene-specific PCR prod-
uct in 5 mL LB/kanamycin cultures for 6-8 h at 37°C with continuous shaking
(see Note 6).

Add 15% (v/v) glycerol to 250 puL of the culture. Mix and freeze at —70°C for
long-term storage.

Take the remainder of the culture and extract the cosmid from the bacteria using
a standard alkaline lysis/phenol-chloroform extraction, small-scale plasmid DNA
procedure (see Note 7).

Standard restriction digestion techniques are then used to digest 1 pg of the
cosmid DNA with Notl, and analyze the digestion products by electrophoresis on
a 0.8-1.0% agarose gel (see Note 8).

Analysis and Sequencing

. The genomic insert should be restriction-mapped (4), and the genomic DNA frag-

ment that contains the coding sequence should be determined by Southern analy-
sis using a gene-specific cDNA probe (1). The relevant restriction-digested
genomic fragments should be subcloned into a hybrid phage/plasmid vector such
as Bluescript IT (Stratagene) or pUC18/19 (Life Technologies).

Both strands of the recombinant plasmid inserts should be sequenced. A final
sequence of the contiguous cosmid insert will be determined based on the restric-
tion map and sequence of the restriction fragments.

If a sequencing facility is available, the plasmids can be readily sequenced using
cycle sequencing techniques and fluorescence-based dideoxynucleotides. About
500 bp of sequence are generated in a sequencing run from four separate fluores-
cent dideoxynucleotide tags in one lane of an acrylamide sequencing gel.
Sequencing primers may be either vector-specific sequences adjacent to the clon-
ing site or homologous to the gene-specific sequence. These gene-specific
sequences would be determined after sequencing runs using vector-specific
sequences near the cloning site.

The complete cosmid insert can also be directly sequenced using internal primers
from the original genomic PCR product (see item 6 in Subheading 2.1.) to
sequence the cosmid in both directions (5" and 3”). The resultant sequence is then
used to develop new primers for the next sequencing run.

If a sequencing facility is not readily available, then the single-stranded or double-
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stranded dideoxy chain-termination methods can be performed (5) using a
Sequenase DNA polymerase Version 2.0 kit (Amersham Life Sciences) or a
Thermo Sequenase cycle sequencing kit (Amersham Life Sciences) (see Note 9).

3.3. Selection of Primers for PCR

The sequence of the oligonucleotides used for the PCR should be selected
based on the guidelines listed below.

1.

2.

10.

Primers should span a region of DNA with less than a 60% average GC content
(see Note 10).

The sense (upstream) and antisense (downstream) primers should not be comple-
mentary to one another especially at the 3" end. In addition, they should not be
complementary internally (palindromes), such that the primer can fold back on
itself (see Note 11).

Oligonucleotides can range from 18 to 40 nucleotides in length, but for most
applications 18-24 bp are sufficient.

The sense and antisense primers should have approximately the same G + C con-
tent (40-60%). The melting temperatures, 7,,s, for each primer should be within
1-2°C of each other (see Note 12).

The primer annealing temperature for PCR is approx 5°C lower than the T, of
the oligonucleotides (see Note 13).

The selection of primers from known sequences can be determined visually or
with computer programs. Two such programs are Oligo 5.0 (National Bio-
sciences, Plymouth, MN) or Prime from GCG (see Note 14).

. Primers for amplifying DNA of more than 2 kb in length (long-distance PCR,

LDPCR) are designed to have higher annealing temperatures to provide greater
specificity. When amplifying with these primers, cosolvents are added to lower
the DNA melting temperature. It is also important to make sure that the selected
primers do not contain repetitive sequences (Alu sequences) (see Note 15).
Noncomplementary bases (extensions) can be added at the 5" end of primers.
These extensions may code for restriction sites or promoter sequences or other
sequences that are useful for cloning the amplified product into a vector or in
vitro synthesis of RNA. When adding extensions for restriction endonuclease
recognition sequences two to three extra bases (G or C) should be added on the
5’ end, so that the enzyme has enough room to recognize the restriction
site. These extensions will not hinder the PCR unless these sequences are present
within the DNA region to be amplified.

The nonspecific binding and extension of primers prior to the initial denaturation
of the template during the first step of PCR can be significantly reduced by
keeping the reaction mixes at 0°C before thermal cycling and using “hot-start”
techniques (see Note 16).

New receptor subtypes or multiple subtypes from species, which have not been
rigorously studied, can be determined by designing primers based on two con-
sensus regions from all the members of the same families. However, these
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11.

12.

13.

14.

15.

consensus regions should distinguish the family of interest from other families
(i.e., other G-protein receptor gene families). Thus, the sense primer is identical
to the upstream consensus region, and the antisense primer is identical to the
downstream consensus region. We have successfully used this approach to clone
the gerbil o-AR and B-AR (6,7).

Consideration should also be given to the development of primers that span
introns if a cDNA preparation is used as a template. The genomic database should
be used to locate introns and then consensus primers designed on either side of
the intron. Both the B5-AR and o,;-AR contain introns. The o;-AR in particular
has at least one large 20- to 30-kb intron within the sixth transmembrane domain.
However, the 0,,-AR, 3,-AR, and 3,-AR are intronless (see Note 17).

Primers for cloning subtype-specific adrenergic sequences should be designed
based on the consensus sequences that distinguish one subtype from another and
are poorly conserved between subtypes, such as the sequences within the third
intracellular loop of adrenergic receptors. The sense primer then is on the 5" end
of the loop and the antisense primer is on the 3" end of the loop.

Database resources and computer programs can be utilized to help in the design
of consensus sequences. The GenBank database can be accessed through the
NCBI program Entrez (www.ncbi.nlm.nih.gov/Entrez/nucleotide.html), and key-
words can be entered under the nucleotide search program. This search will iden-
tify all the sequences and their accession numbers, including expressed sequence
tags (EST) sequences (or randomly transcribed cDNA) that have been submitted
to GenBank. One should be aware that more than one keyword might be neces-
sary to find all the sequences (i.e., adrenergic vs adrenoceptor). Occasionally,
sequences published before sequence submission to GenBank was common may
not have been entered into GenBank.

The investigator should understand that the name of the subtype for o;-AR,
0,-AR, and B;-AR that is described with the accession number is not necessarily
the correct or current subtype nomenclature (see Tables 1-3 in Chapter 1). The
subtype specificity of the sequences can be determined by performing a multiple
alignment comparison of the cDNA sequences of only the coding regions. We
have successfully used the Pileup program from GCG to distinguish between the
subtypes for the o,-AR. This program will line up all the input sequences (nucle-
otide as well as amino acid) and output these data as a file. It will also produce a
denogram that will group the sequences according to similar homology (Fig. 1).
However, this is not an evolutionary tree and the grouping is only based on the
similarities of the respective sequences (see Chapter 3, Subheading 3.2.3.) (see
Note 18).

Once consensus sequence regions have been defined based on both nucleotide
comparisons and amino acid homologies, it is possible that even though there may
be an exact match in the amino acid consensus sequences, the nucleotide
sequence may vary, especially at the third base of the codon. Thus, it may be
useful to synthesize degenerate primers to encompass all the possible primer
variations. Degenerate bases may be chosen based on the bases specific for each
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Fig. 1. Denogram of a,,-AR database sequences: Sequences were entered into the
multiple sequence alignment Pileup program of GCG. Accession numbers and
description of the sequences from GenBank are indicated. The three o,,-AR subtypes,
0ra-AR, 0,,5-AR, and 0,-AR, are indicated above the sequences. These assignments
were made on the basis of the three major groupings of sequences as a result of the
high identity of the nucleotide sequences within each group.

species or on all the possible nucleotide sequences for the amino acids at the
primer site. However, the number of degenerate bases should be kept to a mini-
mum. In particular, the base composition at the 3” end should be conserved among
all the species or subtypes (see Note 19).

3.4. Reverse Transcription and the Selection of Primers

Several different types of primers and reverse transcriptase (RT) enzymes

can be used to form the first-strand or cDNA from either total or poly A* RNA
templates (see Notes 20 and 21).

1.

2

In general, random hexamers are used as primers when a transcript is very long,
has a short poly A tail, and/or contains regions with a high % GC content, thus
creating areas with significant secondary structures. Random hexamers are ini-
tially incubated at room temperature with RT to extend the primers such that they
can anneal to the RNA at the higher RT incubation temperatures. Thus, these
primers are not specific for any RNA species, either rRNA, tRNA, or mRNA, but
the specificity for the amplified fragments can be achieved by using gene-
specific primers at the higher annealing temperatures of PCR.

. Oligo dT provides the next level of specificity by priming the synthesis of cDNA
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predominantly from the poly A tail of mRNA. However, oligo dT may not tran-
scribe efficiently if the RNA is partially degraded or the amplification target is
significantly upstream of the poly A tail. The oligo dT primers are reverse-
transcribed in the same manner as random hexamers, and the gene-specific prod-
ucts are amplified at the more stringent conditions of PCR using gene-specific
primers (see Note 22).

3. Finally, gene-specific primers that represent sequences from the antisense strand
(or downstream primers) can be used for cDNA synthesis and can be designed
based on consensus sequences. They are particularly useful for transcribing
regions of mRNA that are distant from the poly A tail. We have successfully used
this approach for amplifying adrenergic receptor subtypes from species, such as
mouse or gerbil, and for quantifying RNA by competitive RT-PCR (8) (see Notes
23 and 24).

3.5. Cloning of PCR Products

PCR products have been historically difficult to clone because of the termi-
nal transferase activity of Taq polymerase that adds single deoxynucleotides,
in particular deoxyadenosine residues, to the 3" end of the amplification prod-
ucts. This creates an overhang rather than a blunt end and cannot be cloned into
a blunt-ended vector.

1. PCR products can be cloned by engineering a restriction endonuclease recogni-
tion sequence at the 5” ends of PCR primers to create a compatible overhanging
end with a cloning vector. Primers of this type are used in Chapter 1, Subhead-
ing 2.2.1., items 3 and 17.

2. In other procedures, the products are blunt-ended, and cloned by filling the
recessed ends with Klenow polymerase or by removing the extended bases with
Pyrococcus furiosus (Pfu) DNA polymerase.

3. Finally, vectors with T overhangs can provide a sticky end for the A overhang in
the PCR product in a procedure called TA cloning. This is one of the more popu-
lar methods for cloning PCR products and is described by Trower (9) (see Notes
25 and 26).

4. The identity of the PCR products can be confirmed by sequencing, Southern
hybridization with known probes, or restriction endonuclease analysis (1).

3.6. Rapid Amplification of cDNA Ends (RACE)

After a product from RT-PCR of cDNA has been cloned and identified, that
fragment can be used to screen a cDNA library in a similar manner to that
described for screening a genomic library (see Subheading 3.1.). Alternatively,
the small amount of sequence information derived from the RT-PCR fragment
can be used to amplify sequences from both the 3" end (3" RACE) and 5" end
(5 RACE) of the target message. The cDNA used above to construct the library
(see Chapter 1, step 11 in Subheading 3.2.1.) can be used as a template to
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amplify the respective ends of a specific message. The adapter primers on the
library cDNA provide a known primer sequence, or tag, on the 3" or 5" ends of
all the cDNA species. Internal primers can be synthesized based on the
sequence of the previously identified RT-PCR product and will serve as
the gene-specific primers for the amplification reaction. Thus, the terminal
adapter primers and gene-specific primers will be used during PCR to amplify
two overlapping fragments of the target cDNA to complete the cDNA
sequence. This methodology also has the potential to isolate products that are a
result of alternative splicing of the same gene.

1. 3’ Ends are amplified by performing 30-35 cycles of PCR on the amplified cDNA
in 50 puL as follows: 10-100 ng of amplified cDNA, 5 uL. 10X PCR buffer,
4 uL MgCl, (final 2 mM), 0.5 uLL gene-specific sense primer (final 0.25 pM/uL),
0.5 uL 3’ adapter primer (final 0.25 pM/uL), 1 uL ANTP mix (final 20 nM each),
0.25 pL Tag DNA polymerase, and sterile water to 50 pL.. The PCR annealing
temperature should be between 50 and 55°C, but these conditions will vary
depending on the T, of the gene-specific and adapter primers (see Note 27).

2. Analyze the amplified products by gel electrophoresis (see Note 28).

3. Perform a nested PCR reaction on the 3’-amplified product as follows: PCR 1 uL
of the 3’-amplified product above (see step 1) with 5 uL. 10X PCR buffer, 4 uL.
MgCl,, 0.5 UL second internal gene-specific sense primer, 0.5 uL 3’ adapter
primer, 1 pL. NTP mix, 0.25 uL Taqg DNA polymerase, and sterile water to
50 uL (see Note 29).

4. Analyze the amplified products by gel electrophoresis and clone, and/or sequence
the appropriate distinct band(s).

5. Amplify the 5" end by repeating steps 1 and 2 above using the gene-specific
antisense primer in place of the gene-specific sense primer, and the 5" sense
adapter primer in place of the 3" antisense adapter primer.

6. In a reaction similar to that in step 3 above, perform a nested PCR on the
5’-amplified product from step 5 using the 5 sense adapter primer and the sec-
ond internal gene-specific antisense primer.

7. Analyze the amplified products by gel electrophoresis and clone, and/or sequence
any distinct band(s) (see Note 30).

4. Notes

1. Mix the library so that all the bacteria are suspended, and make three 1072 serial
dilutions and a final 107! dilution. Plate 100 uL from the final dilution (1077
dilution) and the previous dilution (107° dilution) by spreading the aliquot with a
bent glass rod that has been sterilized by immersion in 70% ethanol and flamed in
a Bunsen burner. The rod is allowed to cool before spreading the bacteria. Ide-
ally, dilutions that plate 100-300 CFU will allow a reasonably accurate deter-
mination of the titer.

2. The volume for the master mix should always be slightly larger than that required
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11.

12.

13.

for distribution to the tubes to eliminate the possibility of not having enough
master mix for all the tubes.

. The PCR reagent and cycling conditions for these reactions and the gene-

specific primers (see Subheading 3.3.) should be predetermined using genomic
DNA (100-500 ng/PCR reaction) as a template to amplify a specific portion of
the gene. The ability of the primers to anneal to genomic DNA can be enhanced
by denaturing the DNA (i.e., boiling followed by quick cooling on ice) before
addition to the PCR mix. The identity of the PCR product should be confirmed
(see step 4 in Subheading 3.5.). Mg?* concentrations for PCR may vary from
1 to 5 mM. Primers that amplify the 5” end of the gene will select for clones with
DNA near the transcription start site, whereas primers from the 3” end of the gene
will select clones nearer the 3” untranslated region. Ideally, a cosmid library will
allow the selection of the complete gene irrespective of the primers used. These
reactions can also be performed in a 25-uL vol depending on the thermal cycler
and test tube requirements.

There is no need to purify the DNA from the library, because the denaturing
conditions at 95°C during PCR will lyse the cells to release the plasmid for
amplification.

These plates can be stored for a day at 4°C after covering the dishes with parafilm.
Adhesive acetate plate sealing material (Linbro, Flow Laboratories, McLean, VA)
can also be used to cover the plates. The colonies should not be allowed to grow
within the liquid media, since some clones will multiply at a faster rate than other
clones and thus will potentially select against the target clone. For permanent
storage, 15 pL of glycerol are added to each well and mixed. The plate is then
stored at =70 or —80°C.

The yield of the cosmids will decrease with longer incubation times.

A typical procedure can be found in Sambrook et al. (1). In addition, many plas-
mid isolation kits are also available from manufacturers and have been reviewed
by Mack (10).

. Typical restriction digestion procedures can be found in Sambrook et al. (1). A

7.9-kb vector and large (20—40 kb) insert should be observed. Smaller gene frag-
ments might be observed if NotI cleaves within the gene insert.
Further information on cycle sequencing can be found in Brush (11).

. If the GC content of the PCR product is >60%, then cosolvents, such as 5-10%

solutions of glycerol, dimethyl sulfoxide (DMSO), or formamide, may be
required in the PCR reaction.

Primers that are complementary at the 3’ end will tend to form primer-dimers,
which will compete with the genomic template.

The T,,s of the oligonucleotides can be approximated according to the following
formula: 7,, =4(G + C) + 2(A + T). Alternatively, the 7,,,s can be calculated using
computer programs, such as Oligo 5.0 (National Biosciences) or Prime (GCG).
The exact annealing temperature for an optimum PCR can be experimentally
modified by varying the annealing temperature in 2-5°C increments in either
direction to establish primer conditions that are specific to the DNA. Magnesium
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concentrations for PCR can also be varied between 1.5 and 5 mM to determine
the optimum concentration.

The Prime program will design primers that span a selected region of the DNA
sequence and will allow you to select the primer length, guanine-cytosine con-
tent, and T, difference between your primers. In addition, the program will elimi-
nate primers with internal and external complementarity.

The conditions for LDPCR can also be modified by lengthening the PCR exten-
sion times. In addition, small amounts of proofreading thermostable DNA poly-
merase enzymes (Pfu) are added to the Taq polymerase mix (12).

“Hot start” can be carried out manually by heating all the PCR reagents, but Tag
polymerase to 70-80°C, and then adding Taq polymerase at these higher tem-
peratures. Immediately after the enzyme addition, the temperature is increased
further to 95°C to commence denaturation and the thermal cycling procedure.
Other techniques employ waxes that melt at 70-80°C and, thus, mix the aqueous
enzyme mixture above the wax with the reagents below. An easier and more
efficient procedure uses a Tag antibody, such as TaqStart (Clontech, Palo Alto,
CA), which denatures and releases from the enzyme at 70-80°C as the PCR
reagents are heated up to 95°C during the first denaturation step.

When cDNA is used as a template for intronless genes, untranscribed RNA tem-
plates should be included as controls to demonstrate the absence of genomic
DNA.

The investigator can utilize the Pileup denogram to determine the subtypes of the
sequences in the database based on the grouping of the sequences as a result of
homology comparisons. This multisequence lineup is invaluable for determining
consensus sequences between species by utilizing EST sequences and complete
cDNA sequences.

This region of the primer will serve as an anchor for initiation of replication and
extension by DNA polymerase, and heterogeneity in the primer at this position
will result in too much mispriming. It is important to note that the annealing
temperature and magnesium concentration may also need to be varied to account
for the differences in bases within the degenerate primer subset. Conditions that
might work for a known rat sequence may not be appropriate for the DNA of
other species, depending on the degeneracy of the sequences. Further informa-
tion on the synthesis of degenerate primers is reported by Preston (13).

The reverse transcriptase enzymes most often used in these reactions are derived
from Avian Myeloblastosis Virus (AMV) or Moloney Murine Leukemia Virus
(M-MLYV). AMYV can reverse-transcribe at higher temperatures (48-55°C), thus
eliminating secondary structure problems, and M-MLV can reverse-transcribe
more efficiently and with less RNase H activity, but at lower temperatures
(37-42°C). Other protocols are also available that utilize the same enzyme
(Thermus thermophilus, Tth) for reverse transcription (70°C) as for PCR by
changing the reaction conditions. A more complete description of reverse tran-
scriptase enzymes and RT-PCR kits has been written by Wilkinson (14).

In our laboratory, a typical reverse transcriptase reaction is performed in a 10-pL
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22.

23.

24.

25.

26.

vol with 5 mM MgCl,, 1X PCR buffer, | mM dNTP, 1 U/uL RNase inhibitor,
2.5 U/uL M-MLV-RT, 2.5 uM antisense primers (or 2.5 wM random hexamer or
2.5 uM oligo dT primers) and ~1 pg total RNA. After incubating at 42°C for
50 min and then at 95°C for 5 min to denature the enzyme, the entire mixture is
amplified by PCR in a 50-uL reaction with the appropriate sense or upstream
primer and PCR reagents.

In comparison to random primers, oligo dT will tend to copy a greater proportion
of the 3’ end of the mRNA, and random primers will transcribe more efficiently
at the 5" region of the mRNA.

The success of this approach is dependent on how specific the antisense primers
are at the lower-temperature conditions of 42°C for cDNA synthesis by reverse
transcriptase. Occasionally, we have found that the antisense primers are too non-
specific at 42°C and will generate a RT-PCR product that appears to be of the
expected size. However, when the product is sequenced, it is apparent that the
antisense primer has served both as a sense and antisense primer in the PCR.
Where the antisense cDNA primers give nonspecific products, then either more
stringent PCR conditions could be employed or oligo dT and random hexamers
could be used during reverse transcription to aid in the successful amplification
of the gene-specific product.

In general, we have found that it is necessary to try each of the above primer
approaches for cDNA synthesis. If the amplified product is of the expected size,
it is useful to run PCR controls on this product in the presence of only the
antisense primer and only the sense primer in PCR assays. Sequence analysis of
the RT-PCR products should be confirmed by analyzing the products from three
individual RT-PCR reactions to ensure that Tag polymerase has not introduced
errors into the sequence.

In our laboratory, we routinely use the Original TA Cloning® kit or TOPO-
Cloning® Kit from Invitrogen (Carlsbad, CA). These kits provide the materials
for cloning the PCR product into a supplied linear vector. The insert can be con-
veniently excised from the vector with EcoRI or other convenient restriction
endonuclease enzymes. Further, the vector contains M13 forward and reverse
primers for sequencing. These kits are also designed to use PCR products
directly from the PCR mix, from products isolated from low-melt gels, or
extracted by other methods. Competent cells are also provided for transforma-
tion. Blue/white screening can be used to identify the recombinant plasmids. The
colonies can also be picked with a toothpick, and a PCR reaction directly per-
formed on the minute amount of bacteria using primers that flank the insert or
gene-specific primers. The sizes of the products are then identified by gel elec-
trophoreses (15). DeFrancesco (16) gives a complete discussion of the PCR-based
cloning kits that are available for cloning these products.

The investigator should keep in mind that PCR products generated by poly-
merases with 3" to 5” exonuclease activity, such as Pfu, will automatically create
blunt ends that must be blunt-end-cloned or must be changed to single nucleotide
overhangs in an extension reaction with 7aq polymerase for TA cloning.
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The DNA polymerase can also be mixed with proofreading enzymes to amplify
potentially longer cDNA products with fewer sequencing errors.

Many times a smear will be observed for this initial reaction, and a second inter-
nal sense primer is then used to amplify the gene-specific product in a nested
PCR reaction.

The amplified product from Subheading 3.6., step 1 that is used as a template in
this reaction can be removed directly from the PCR. Alternatively, the product
can be used as the template if the DNA has been isolated from the gel. This can be
done by either using a toothpick to add the PCR product directly from the agarose
into the PCR mixture, or by cutting out the band containing the product isolation
from a low-melt agarose gel and then melting the gel.

Variations of this procedure have also been described by Ausubel et al. (17) and
Frohman (18). In addition, several companies also supply kits for these proce-
dures, such as the Marathon™ c¢cDNA amplification kit from Clontech or 3’ RACE
and 5" RACE kits from Life Technologies.
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Analyses of Adrenergic Receptor Sequences

Jean D. Deupree, Margaret A. Scofield, and David B. Bylund

1. Introduction

Once a cDNA sequence for one of the adrenergic receptors (ARs) is
obtained, it is useful to determine the restriction endonuclease sites in the
sequence, to translate the nucleotide sequence into the protein sequence, to
compare the sequence with known adrenergic receptor sequences in order
to verify the receptor and subtype, to submit the sequence to GenBank, and to
analyze the predicted secondary structure of the receptor.

2. Materials

The methods reported here require the use of one of the programs in the
Genetic Computer Group (GCG) program package or computer programs
found at various web sites. The GCG program package is published by the
Computer Group of Madison, WI (see Note 1). The most current version is
volume 10. In addition, the URLSs for various web sites that have programs that
will perform functions similar to the GCG program are listed in this section.

2.1. Protein Translation and Identification
of Restriction Endonuclease Sites

1. GCG programs: TRANSLATE, MAP, and FRAMES.
2. Translate and protein machine at ExXPASy Proteomics tools: http://expasy.
hcuge.ch/www/tools.html#translate.

2.2. Sequence Alignments
2.2.1. Search for Known Adrenergic Receptor Sequences

URLs for commonly used data bases are:

From: Methods in Molecular Biology, vol. 126: Adrenergic Receptor Protocols
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Entrez Browser from NCBI: http://www3.ncbi.nlm.nih.gov/Entrez/.

European Bioinformatics Institute (EBI), SRS: http://srs.ebi.ac.uk/.

GCRDb: http://www.gcrdb.uthscsa.edu/ (see Note 2).

GPCRDB: http://swift.embl-heidelberg.de/7tm/.

GenBank: http://www.ncbi.nlm.nih.gov/Web/Genbank/index.html.

GenomeNet (Kyoto University and University of Tokyo), DBGET: http://www.
genome.ad.jp/dbget/dbget2.html.

7. Prosite: http://expasy.ch/swissmod/SWISS-MODEL.html.

A

2.2.2. Comparison of Sequences with One Other Sequence
2.2.2.1. Dot MaTRIx COMPARISON
GCG programs are: COMPARE and DOTPLOT.

2.2.2.2. GLOBAL SEQUENCE ALIGNMENT

1. GCG program: GAP.
2. ROBUST: Biology Workbench: http://biology.ncsa.uiuc.edu/.

2.2.2.3. LocAL SEQUENCE ALIGNMENT
The GCG program is BESTFIT.

2.2.3. Multiple Sequence Alignment (MSA)

1. GCG programs: PILEUP and PRETTY.
2. MSA: (Sum of Pairs Criterion) Biology Workbench: http://biology.ncsa.uiuc.edu/.

2.2.4. Homology Searching
2.2.4.1. FASTA

1. GCG program: FASTA.

2. Biology Workbench: http://biology.ncsa.uiuc.edu/.

3. G-protein Coupled Receptor Data Base (GCRDb): http://www.gcrdb.uthscsa.edu/.
4. EMBL, EBI: http://www.ebi.ac.uk.

2.2.4.2. Basic LocaL ALIGNMENT SEARCH TooL (BLAST)

GCG program: BLAST.
http://www.ncbi.nlm.nih.gov/BLAST/.
Biology Workbench: http://biology.ncsa.uiuc.edu/.
EMBL, EBI: http://www.ebi.ac.uk.
Other programs that are specific for comparison of protein sequence alignments
can be found at Biology Workbench: http://biology.ncsa.uiuc.edu/.
These programs include:
LALIGN: calculates N-best local protein sequence alignments (part of
FASTA).
CLUSTALW: multiple sequence alignment.

M
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ALIGN: optimal alignment of two protein sequence.

SSEARCH: Smith-Waterman local alignment of proteins (part of FASTA).
SIM: N-best local Similarities using affine weights.

BESTSCORE: calculates the best comparison score.

PRSS: compares a protein sequence to a shuffled protein sequence.

SAPS: statistical analysis of protein sequence.

2.3. Submission of Nucleotide Sequence to GenBank Database

1. BANKIT: NCBI: http://www.ncbi.nlm.nih.gov/BankIt/.
2. SEQUIN: NCBI: http://www.ncbi.nlm.nih.gov/Sequin/.

2.4. Methods for Analyzing Protein Structure
2.4.1. Primary Structure of Adrenergic Receptor
2.4.1.1. Amino Acip ComPOSITION

1. ExPASy Proteomics tools: http://expasy.hcuge.ch/www/tools.html#translate.

2. GCG program: COMPOSITION.

3. AASTATS: Statistics based on amino acid abundance, The Biology WorkBench:
http://biology.ncsa.uiuc.edu/.

2.4.1.2. SEARCH FOR KNOowWN PROTEIN MoOTIFS

BLOCKS: http://www.blocks.thcrc.org/.

GCG programs: MOTIFS, PROFILESCAN and SPSCAN.

PFAM: http://www.sanger.ac.uk/Software/Pfam/.

PFSCAN: http://biology.ncsa.uiuc.edu/.

PPSEARCH: PROSITE pattern search, EMBL, EBI: http://www.ebi.ac.uk/.
PRINTS: http://www.biochem.ucl.ac.uk/bsm/dbbrowser/PRINTS.
PROSEARCH: The Biology WorkBench: http://biology.ncsa.uiuc.edu/.
SMART: http://coot.embl-heidelberg.de/SMART.

P NNk W=

2.4.1.3. PEPTIDE FRAGMENTS

The GCG program is PEPTIDESORT and PEPTIDEMAP.

2.4.1.4. IsoeLECTRIC POINT

1. GCG program: ISOELECTRIC.
2. PEPIDENT, TAGIDENT, COMPUT pI/Mw: ExPASy Proteomics tools: http://
expasy.hcuge.ch/www/tools.html#translate.

2.4.2. Secondary Structure of Adrenergic Receptor
2.4.2.1. oo AND B HELIXES
The GCG programs are PEPPLOT and PEPSTRUCTURE.
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2.4.2.2. HYDROPHOBICITY

1. GCG programs: PEPTIDESTRUCTURE and PEPPLOT.

2. GREASE: The Biology WorkBench: http://biology.ncsa.uiuc.edu/.

3. Physicochemical result, Pole Bio-Informatique Lyonnais (PBIL), http://pbil.
univ-lyonl.fr/.

2.4.2.3. HeLicAL HyprorPHOBIC MOMENT
The GCG programs are HELICALWHEEL, MOMENT, and PEPPLOT.

2.4.2.4. SURFACE PROBABILITY
The GCG program is PEPTIDESTRUCTURE.

2.4.2.5. FLEXIBILITY
The GCG program is PEPTIDESTRUCTURE.

2.4.2.6. GLYCOSYLATION SITES
The GCG program is PEPTIDESTRUCTURE.

2.4.2.7. ANTIGENIC INDEX

1. GCG program: PEPTIDESTRUCTURE.
2. Physicochemical result, P6le Bio-Informatique Lyonnais, http://pbil.univ-
lyonl.fr/.

2.4.2.8. CoiLeED-CoIL SEGMENTS
The GCG program is COILSCAN.

3. Methods

3.1. Protein Translation and Identification
of Restriction Endonuclease Sites

There are several translation programs available for determining the amino
acid sequence. The program TRANSLATE from GCG will translate the
sequence starting and stopping where you designate. It does not recognize
the start and stop codons or exons. The MAP program will translate the nucle-
otide sequence into an amino acid sequence as well as identify restriction
endonuclease sites in the DNA. The protein translation portion of the MAP
program will allow you to see open reading frames in any of the six possible
reading frames based on traditional translation coding or other user-supplied
nonconventional translation schemes. Identification of restriction endonuclease
sites is useful for subcloning and confirming the identify of the sequence. Any
subset of restriction endonucleases may be selected to determine which sites
are present in the sequence. The FRAMES program (GCG) will identify the
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start and stop codons in all six reading frames, but cannot identify the location
of the exons or which start codon translation normally starts from. There are
two methods for identifying the correct start and stop codons and the location
of exons. One is to translate the cDNA. Alternatively, the start codons from
genomic DNA can be determined by comparing the sequence to known adren-
ergic receptor sequences using the programs COMPARE, GAP, and PRETTY
discussed below. More detailed information on how to locate start and stop
codons, splice sites, branch points, promoters and terminators of transcription,
and introns and exons is described by Haussler (1).

3.2. Methods for Conducting Sequence Alignments

Once a DNA sequence for one of the adrenergic receptor subtypes is
obtained, comparisons to one or more known sequences are useful. There are
several programs available for conducting various types of sequence align-
ments. Factors to consider in choosing a method include: the availability of
software, the number of sequences to be compared, and the relative lengths of
the sequences. In addition, you need to decide whether you want to compare
DNA sequences or protein sequences. DNA level searches are best for locating
nearly identical regions of sequences. For example, it is helpful to compare
your sequence with the sequence for the same gene from other species. Pro-
tein-level searches with other adrenergic receptors are helpful in locating the
transmembrane regions and for detecting evolutionarily related genes. The
description for each of the methods listed below provides examples of com-
puter programs, World Wide Web sites that are available, and a brief descrip-
tion of the capabilities of the methods. Examples using these methods for
comparing human o,-AR subtypes are provided. Extensive details on how to
use the GCG computer programs can be found in volume 24 of Methods in
Molecular Biology (2). More extensive searches for sequence similarities with
genes that are not adrenergic receptors may also be done. Two excellent ar-
ticles that discuss some of these search strategies in more detail are Altschul
(3) and Brenner (4).

3.2.1. Searches for Known Adrenergic Receptor Sequences

A list of known sequences for adrenergic receptors can be obtained by
searching one of the databases using search engines provided by Entrez,
Sequence Retrieval System (SRS), DBGET, or one of the G-protein-coupled
receptor databases (GCRDb or GPCRDB). The Entrez database and Browser
are provided by the National Center for Biotechnology Information (NCBI).
NCBI also builds, maintains, and distributes the GenBank Sequence Database.
GenBank is the NIH genetic sequence database that contains all publicly
available DNA sequences. GenBank is provided by the National Center for



58 Deupree, Scofield, and Bylund

Biotechnology Information. It is part of the International Nucleotide Sequence
Database Collaboration, which also includes the DNA DataBank of Japan
(DDBJ) and the European Molecular Biology Laboratory (EMBL). SRS
retrieval system has been developed by the EBI. The DBGET search engine
has been maintained by the Institute for Chemical Research, Kyoto University
and the Human Genome Center of the University of Tokyo. GCRDb is a data-
base of all G-protein-coupled receptors. However, this site is not as current as
the GPCRDB site. The GCRDD data can be searched by looking at families,
ligands, or species. Family A, Group II contains the data for the biogenic amine
receptors. Receptors are listed by accession number, name, and species. (Note:
o1 o-AR are currently listed as o;-AR). GPCRDB is an excellent protein data-
base for G-protein-coupled receptors. From this site, you can link to nucleotide
sequences or obtain a phylogenic tree for the different families of
G-protein-coupled receptors. Links to snake-like models for known G-protein-
coupled receptors are also available. PROSITE on the ExPASy Molecular
Biology Server is a database of protein families and domains. It consists of
biologically significant sites, patterns, and profiles that help to identify reli-
ably to which known protein family a new sequence belongs.

3.2.2. Comparison of Sequence with One Other Sequence
3.2.2.1. Dot MaTRIXx ComPARISONS TO DETERMINE LocALLY MATCHING AREAS

A dot matrix analysis compares two sequences and generates a table of
coordinates where two sequences are similar. There are two methods for com-
paring the sequence: the stringency comparison method or the word compari-
son method. Stringency comparison uses the method of Maizel and Lenk (5) to
compare two sequences in every register, searching for all the places where a
given number of matches (stringency) occur within a given range (window).
The word comparison method looks for short, perfectly matched words of a set
length. Either the window and stringency are defined or the word length is
defined, depending on which method is used. The data generated by the com-
parison program of the two sequences are then graphically plotted on the
x- and y-axes. A dot is placed where there is a similarity between the two
sequences as determined in the comparison program. Figure 1 compares the
sequences for the human o, 5- and 0,5-ARs adrenergic receptors. The diagonal
line shows areas of sequence similarities between these two sequences. These
areas include the seven-transmembrane domains as well as other areas of
sequence similarity. The gap in the line is caused by the dissimilarity between
the third intracellular loops of o, ,-AR and o,,5-AR.

The computer programs used to do this analysis are COMPARE and
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Fig. 1. DOTPLOT figure comparing human 0.,,-AR and human o,3-AR. The DNA
sequences for human o,,-AR (M18415) and human o,5-AR (M34041) were com-
pared using the COMPARE program in GCG. The DOTPLOT shows results of the

COMPARE fit in graphical form. The lines on the graph show the regions of identity.
The large gap in the line is the location of the third intracellular loop.

DOTPLOT, which are part of the GCG computer package. Detailed explana-
tions of these programs can be found at http://molbio.unmc.edu/Class/ under
class notes.

3.2.2.2. GLOBAL SEQUENCE ALIGNMENT

Global sequence alignment allows for the complete alignment of two DNA
or protein sequences. This requires putting in gaps in the sequence so that
regions of similarity will be aligned. One computer program that does this is
GAP of the GCG computer package (see Note 1). GAP uses the algorithm of
Needleman and Wunsch (6). Figure 2 provides an example of GAP using a
comparison of the human o,,-AR and a,3-AR. The vertical bars between the
sequences indicate identity between the two sequences. The gaps inserted in
the sequence are noted by dots. The GAP figure gives the four figures of merit
for the alignments: Quality, Ratio, Identity, and Similarity. GCG defines these
values as follows from next page (see Note 1):
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Gap Weight: 50 Average Match: 10.000
Length Weight: 3 Average Mismatch: 0.000
Quality: 8625 Length: 2084
Ratio: 5.671 Gaps: 9

Percent Similarity: €1.829 Percent Identity: 61.829

607 GGCCGAGCCGCGCTGCGAGATCARCGACCAGAAGTGGTACGTCATCTCGTCGTGCATCGGCTCCTTCTTCGCTCCCTGCCTCATCATGATCCTGGTCTAC 706
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889 CGGGCGCCCCCAGTGCARGCTCARCCAGGAGGCCTGGTACATCCTGGCCTCCAGCATCGGATCTTTCTTTGCTCCTTGCCTCATCATGATCCTTGTCTAC 988

©

707 GTGCGCATCTACCAGATCGCCAAGCGTCGCACCCGCGTGCCACCCA. L vv vt GCCGCCGGEGGTCCGGACGCCGTCGCCGCECCGLCG 787
PEOEEEE e brrrrrrst e bk 1t (AN [ (B [
989 CTGCGCATCTACCTGATCGCCAARCGCAGCAACCGCAGAGGTCCCAGGGCCAAGGGGGGGCCTGGGCAGSGTGAGTCCARGCAGCCCCGACCCGACCATG 1088

TBB GGGGG. o v v e CACCGAGCGCAGGCCCAACGGTCTGGGCCCCGAGCGCAGCGCGGGECLCGEG. L. . L. GGGCGCAGAGGCCGRRCCG 862
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1089 GTGGGGCTTTGGCCTCAGCCARRCTGCCAGCCCTGGCCTCTGTGGCTTCTGCCAGAGAGGTCARCGGACACTCGRAGTCCACTGGGGAGRRGGAGGAGGG 1188

863 CTGCCCACCCAGCTCARCGGCGCCCCTGECGAGCCCGCGCCGGCCGEECCECGCGACACCCACGCGCTGGACCTGEAGGAGAGCTCGTCTTCCGACCACG 962
(N (R [ I | | N L T B R
1189 GGAGACCCCTGRAGATACTGGGACCCGGGCCTTGCCACCCAGTTGGGCTGCCCTTCCCARCTCAGGCCAGGGCCAGRAGGAGGGTGTTTGTGGGGCATCT 1288

963 CCGAGCGGCCTCCAGGGCCCCGCAGACCCGAGCGLGGTCCCCGGGECARAGGCARGGCCCGAGCGAGCCAGGTGRAGCCGGGCGRCAGCCTGCCGCEGLCG 1062
11 [ [ i | [y [ (RSN [ I I P
1289 CCAGAGGATGARGCTGAAGAGGAGGAAGAGGACGAGCAGGAGGAGGARGAGTGTGARCCCCAGGCAGTGLCAGTGTCTCCGGCCTCAGCTTGCAGCCCCC 1388

1063 CGG”CCGGCGCDGACGGGGA”C”GG .............. ACGCCuGCTGCAGGGCCGGGCGAGGAGCGCCTCGG GGCTGCCAAGCCCTCGCGCTG 11432
I [ T I S N O B N e e e R | [ it
1389 CGCTGCAGCAGCCACAGGGCTCCCGGGTGCTGGCCACCCTACGTGGLCAGGTGCTCCTGGGCAGGGGCGTEGETGCTATAGGTGEGCAGTGGTGECGTCG 1488

1144 CGCGGGPGGCACAACClCGAOHAQCGCTTCACLTTCCTGCTGGCCGTGGTCATCGGAGTGTTCGTCGTCTGCTCGTTCCCC TCTTCTTCPCCTACACC 1242
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1489 AA”CqCGCACGTGACCCGGGAGAAGCGCTTCACCTTCGTGCTGGCTGTGGTCATTGGCGTTTTTGTGCTCTGCTGGTTCCCCTTCTTCTTCAGCTACAGC 1588

Fig. 2. GAP of human o, ,-AR and human o,5-AR. GAP program in GCG was run
on the full, known sequences of human o,,-AR (M18415) and human o,5-AR
(M34041). GAP showed a good correlation for all except upstream of the translation
codon and the third intracellular loop. Shown in the figure are the third intracellular
loops (indicated by a solid black line above the sequence) for the o,,-AR and the
areas on either side of the third intracellular loop. The default optional parameters for
GAP weight, length weight, average match, and average mismatch were used. The top
sequence is human o, ,-AR, and the bottom sequence is human o,5-AR.

The Quality is the metric maximized in order to align the sequences. Ratio is the qual-
ity divided by the number of bases in the shorter segment. Percent Identity is the percent
of the symbols that actually match. Percent Similarity is the percent of symbols that are
similar. Symbols across from gaps are ignored. A similarity is scored when the scoring
matrix value for a pair of symbols is greater than or equal to the average positive non-
identical comparison value in the matrix, the similarity threshold.

The GAP program does not work well if there are few regions of similarity
separated by divergent regions of variable length. It also does not work well if
there is a large difference between the lengths of the two sequences. One way
to overcome the latter problem is first to compare the two sequences using
COMPARE and DOTPLOT. This will show where the regions of similarity
are located. GAP then can be run using only those portions of the sequences
where there is similarity. If you compare sequence alignment of the DOTPLOT
(Fig. 1) with that of the sequence alignment produced by the GAP program
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(Fig. 2), you can see that the lines shown in the dot plot agree with the areas of
greatest sequence similarity between o,,-AR and o,5-AR.

An alternate approach to solving the problem of alignment of long sequences
with shorter regions of high similarity or identity is to use the implementation
of FASTA within the GCG package. By selecting one of the sequences to be
compared as the search sequence and by selecting the other one as the data-
base, you will in turn obtain from the FASTA program the alignments of all
areas of high similarity. When one or more of the sequences you want to com-
pare is longer than 32,000 bases, you must use the FASTA approach, because
GAP (and BESTFIT) is limited to 32,000-base sequences. Another global
sequence alignment program that allows for the alignment of two protein
sequences is ROBUST.

3.2.2.3. LocAL SEQUENCE ALIGNMENT

Another way to compare two DNA, RNA, or protein sequences is by local
sequence alignment. This allows for local alignment in areas of similarity that
are found in large areas of divergence (gaps). One program that will do this is
BESTFIT (GCG). BESTFIT uses the local homology algorithm of Smith and
Waterman (7). BESTFIT uses the same figure of merit for the alignments as
GAP. BESTFIT works well for aligning sequences that have only a small over-
lap in sequences, for example, merging two separate, but overlapping
sequences from the same gene. Local sequence alignments are designed to align
the most similar segments and do not do as well as global alignments in finding
the third, fourth, and fifth areas of similarity. It tends to leave off part of the
beginning or the end of the sequence. FASTA will find these areas of similarity
much better, but will not attempt to align the intervening areas with much lower
levels of similarity. The BESTFIT match for the comparison of human
0,o-AR and o,5-AR is similar to that of GAP and COMPARE for the regions
of great homology. However, the alignment of the third intracellular loop is
quite different in BESTFIT than in GAP (Fig. 3). Note that you cannot deter-
mine whether the fit is better using GAP or BESTFIT using the similarity or
identity matrices, since these are not optimized by either BESTFIT or GAP.

3.2.3. Multiple Sequence Alignments (MSA)

There are several methods for doing MSA. The GCG program PILEUP pro-
duces multiple sequence alignments from a group of related sequences using
progressive, pairwise alignments. The method used is similar to the method
described by Higgins and Sharp (8). This program also plots a dendrogram
showing the clustering relationships used to create the alignment. Although the
dendrogram looks like a phylogenetic tree, it is only a measure of the similarity
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Gap Weight: 50 Average Match: 10.000
Length Weignht: 3 Average Mismatch: -9.000
Qualiz 4217 Length: 1343

ES 3.371 Gaps: 16

Percent Similarity: 70.540 Percert Identity: 70.540
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Fig. 3. BESTFIT of human o, ,-AR and human o,5-AR. BESTFIT program in GCG
was run on the full, known sequences of human o,,-AR (M18415) and human
0o,Lp-AR (M34041). BESTFIT did not fit the beginning or the end of the sequence and
did not fit the third intracellular loop as well as GAP. Shown in the figure are the third
intracellular loop (indicated by solid black line above the sequence) for the o,,-AR
adrenergic receptor and the areas on either side of the third intracellular loop. The
default optional parameters were used for gap weight, length weight, average match,
and average mismatch. The top sequence is human 0, ,-AR and bottom sequence is
human o,z-AR.

among sequences. The example in Fig. 4 is part of the comparison of the
human o, ,-AR, 0,,5-AR, and o,-AR. PILEUP aligns the sequences, inserting
gaps as needed; however, it does not give a consensus sequence. A consensus
sequence can be obtained by running PRETTY, which prints multiple sequence
alignments and can determine the consensus of these sequences. Note that a
sequence alignment program, such as PILEUP, needs to be run before PRETTY

Fig. 4. (facing page) Results of PILEUP and PRETTY analysis of human o, ,-AR,
oHp-AR and o,-AR. The sequences for human o, ,-AR (M18415), a,,5-AR (M34041),
and o,-AR (J03853) were compared using the PILEUP and PRETTY programs in
GCG. Consensus was defined as three bases out of three being the same. Shown is the
demogram indicating that o,,-AR and o,,-AR were matched first and then o,g-AR
was compared to the match for o,-AR and o,,-AR and part of the results of the
PRETTY program.
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can be run. Alternatively, sequences containing appropriate gaps can be used.
The user can define what constitutes a consensus, for example, three matches
out of five or five matches out of five. The consensus sequence in Fig. 4 was
generated using PILEUP followed by PRETTY. Another program that will
conduct multiple sequence alignments is MSA.

3.2.4. Homology Searching
3.2.4.1. FASTA

FASTA is one of two programs that are generally used to find other
sequences homologous with the search sequence. BLAST is the other primary
homology search program in use. FASTA is a global sequence alignment tool
that works on similar principles to that of GAP using the method of Pearson
and Lipman (9). FASTA is used to search for similarities between one sequence
(the query) and any group of sequences of the same type (nucleic acid or pro-
tein) as the query sequence. FASTA can be used to search an entire database
for sequences or areas of similarities within the query sequence. Some varia-
tions of FASTA are:

Library search programs: FASTA, TFASTA, SSEARCH

Local homology programs: LFASTA, PLFASTA, LALIGN, PLALIGN
Statistical significance: PRDF, RELATE, PRSS

Global alignment: ALIGN.

FASTA, as implemented in GCG, is only available in a single version, which
performs both FASTA and TFASTA, and which can perform Smith-Waterman
alignments (7) for the final alignment of similar regions.

3.2.4.2. Basic LocAL ALIGNMENT SEARCH TooL (BLAST)

BLAST is another tool designed to allow one to determine the presence of
sequence homology between a query sequence and all the sequences in a data-
base. BLAST is a local alignment search tool that uses the method of Altschul
et al. (10). It can search databases on your own computer or databases main-
tained at the NCBI in Bethesda, MD. The query and databases search can be
nucleotide or protein or a combination thereof. BLAST will not report all of
the occurrences of matches between two sequences. For example, if you want
to determine whether a 20-mer that might be used as a primer occurs more than
once in a sequence, BLAST will find the first match, but will not find multiple
matches in the same sequence. The primary difference between BLAST and
FASTA is that BLAST looks for local areas of similarities and FASTA looks
for global similarities. The BLAST server at NCBI now has a family of BLAST
programs. A new version of BLAST (BLAST 2.0) uses the method of Altschul
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et al. (11). The new version provides significant performance enhancements,
the addition of “gapping” routines, and position-specific iterated BLAST (PSI-
Blast). There are various versions of BLAST that allow for the comparison of:

Nucleotide vs nucleotide sequence (BLASTn).

Amino acid query sequence against a protein sequence database (BLASTp).

Six-frame conceptual translation products of a nucleotide query sequence
(both strands) against a protein sequence database (BLASTX).

Comparison of a protein query sequence against a nucleotide sequence data-
base dynamically translated in all six reading frames (both strands)
(tBLASTn).

The six-frame translations of a nucleotide query sequence against the six-
frame translations of a nucleotide sequence database (tBLASTX).

PSI-BLAST allowing for more sensitivity to weak, but biologically mean-
ingful sequence similarities.

3.3. Submission of Nucleotide Sequence to GenBank Database

Once the sequence has been confirmed, it can be submitted to the GenBank
database. Submission programs, such as BANKIT, are available from NCBI,
and provide for a quick and convenient submission of simple sequence data.
Submission can also be done on the Web using your browser. The submission
sequence requires information regarding the source of the DNA (organism and
cDNA or DNA library), the sequence, name of the gene, authors, journal refer-
ences, transcription start sites, translation start and stop site, putative amino
acid sequence, location of introns, and promoter regions if known. The nucle-
otide and amino acid sequence data can be easily copied and pasted into the
program. Approximately 24 h after submission, the accession number is
returned to the investigator via e-mail. The accession number should then be
included in the paper reporting the sequence.

Sequin version 2.70 is a stand-alone software tool that is available by anony-
mous FTP. Although it is capable of handling simple submissions, it has been
designed to simplify the submission of complex sequence data containing long
sequences, multiple annotations, segmented sets of DNA, or phylogenetic and
population studies. It will allow complex annotations, and provide for submis-
sion of multiple sequences. The output files for submission are either mailed
on a floppy disk or sent by e-mail. Accession numbers are again assigned by
the NCBI staff.

3.4. Methods for Analyzing Protein Structure

There are several computer programs and Web sites that provide informa-
tion about protein structure. Comparison of protein sequences with known
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Table 1

Amino Acid Composition of Human o,,-AR?

A (Ala): 43 C (Cys): 12 D (Asp): 13 E (Glu): 19
F (Phe): 24 G (Gly): 44 H (His): 3 1 (Ile): 30
K (Lys): 17 L (Leu): 38 M (Met): 4 N (Asn): 13
P (Pro): 39 Q (GlIn): 10 R (Arg): 36 S (Ser): 29
T (Thr): 24 V (Val): 31 W (Trp): 9 Y (Tyr): 12
Other: 0

Total: 451

?The GCG program COMPOSITION of the human o, ,-AR produced these results.

structures of adrenergic receptors or other proteins is explained in Subheading
3.2. Information that can be obtained about protein sequences includes the
amino acid composition, presence of sequence motifs, identification of sites
for cleavage by known proteases, peptide fragments that would be formed by
amino acid digestion, and the isoelectric point of the protein. In addition, infor-
mation on secondary structure of the protein, including the hydrophobic and
hydrophilic domains, location of o helixes and 3 sheets, and antigenic sites is
also available (Note 3).

3.4.1. Primary Structure of the Adrenergic Receptor
3.4.1.1. Amino Acib COMPOSITION

The amino acid composition of the receptor can be determined using COM-
POSITION, which is part of the GCG package. The analysis of the human
0,o-AR is shown in Table 1.

3.4.1.2. SEARCH FOR KNOowWN PROTEIN MoOTIFS

The protein sequence can be searched for known protein motifs (a short
conserved region in a protein sequence), which are found in protein families.
There are several profile and motif databases available. The GCG program
MOTIEFS can recognize the patterns with some of the symbols mismatched, but
not with gaps. Analysis of the human o, ,-AR using MOTIFS (GCGQG) identi-
fied a region of 45 amino acids, which has a consensus pattern identical to
the consensus pattern in the third transmembrane helix of G-protein-coupled
receptors.

3.4.1.3. PEPTIDE FRAGMENTS

Peptide fragments that would be formed from an amino acid digest can be
determined. PEPTIDESORT (GCG) sorts the peptides by weight, position, and
high-performance liquid chromatography (HPLC) retention at pH 2.1, and
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Fig. 5. PEPTIDE MAP of the amino acid sequence for human o,,,-AR. The DNA
sequence for human o,,-AR (M18415) was translated using the TRANSLATE pro-
gram in GCG. The amino acid sequence was then analyzed to determine where the
sequence could be cut by known proteolytic enzymes or reagents. The results of
the analysis for the first 60 amino acids are shown.

shows the composition of each peptide. It also prints a summary of the compo-
sition of the whole protein.

Sites where the peptide can be cut by known proteolytic enzymes or
reagents can be determined using PEPTIDEMAP (GCG). An example of the
analysis of the human o,,-AR is shown in Fig. 5.

3.4.1.4. IsoeLECTRIC POINT

The isoelectric point of the protein can be determined using the ISOELEC-
TRIC program in GCG. ISOELECTRIC produces plots of the total positive,
total negative charges and the net charge of a protein as a function of pH. The
isoelectric point (pH at which the net charge is zero) is indicated on the plot.

3.4.2. Secondary Structure of the Adrenergic Receptor

Various aspects of the secondary structure of adrenergic receptors can be
determined from the location of o and  helixes, hydrophobicity, helical
hydrophobic movement, surface probability, flexibility, glycosylation sites,
antigenic index, and coiled-coiled segments. The results of protein structural
analysis using GCG program PLOTSTRUCTURE of the human o,,-AR are
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Fig. 6. Graphics from PLOTSTRUCTURE for human o, ,-AR. The DNA sequence
for human o, ,-AR (M18415) was translated using the TRANSLATE program in GCG.
The amino acid sequence was then analyzed using PEPTIDESTRUCTURE in GCG.
The figure is then obtained using PLOTSTRUCTURE. Markings showing the loca-
tion of the seven-transmembrane domains have been superimposed on the image.

shown in Fig. 6. There are also various programs for determining the tertiary
structure of the protein (see Note 4).

3.4.2.1. oo AND B HELIXES

Several methods can be used to obtain information about o helixes and 3
sheets. PEPPLOT in GCG does the following analysis and provides the results
in graphical form:

The Residue Schematic: Each residue is represented by a line at the position
where it occurs. The length of the line, color of line, and position of the
line are used to indicate the chemically similar groups of amino acids.

Chou and Fasman 3 Sheet Forming and Breaking Residues: This shows resi-
dues that are B sheet-forming and breaking as defined by Chou and
Fasman (12).

Chou and Fasman o and 3 Propensities: This shows the propensity mea-
sures for o helix and B sheet according to Chou and Fasman (12).
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Chou and Fasman o Helix-Forming and Breaking Residues: The residues
that are o helix-forming and breaking, as defined by Chou and Fasman
(12), are shown.

Chou and Fasman Amino Ends: Regions of the sequence that resemble
sequences typically found at the amino end of o helices and B structures
(12) are shown here.

Chou and Fasman Carboxyl Ends: This shows the regions of the sequence
typically found at the carboxyl end of o helices and B structures (12).
Chou and Fasman Turns: Regions of the sequence typically found in turns

(12) are presented in this analysis.

Goldman, Engelman, and Steitz Transbilayer Helices: This curve identifies

the nonpolar transbilayer helices (13).

PEPTIDESTRUCTURE (GCG) does the following analysis providing the
results in graphical form:

Secondary structure according to the method: This method predicts helices,
sheets, and turns (12).
Secondary structure according to the Garnier-Osguthorpe-Robson method (14).

3.4.2.2. HYDROPHOBICITY

Hydrophobicity or hydrophilicity can be determined by looking at the Kyte
Doolittle Hydropathy plot. This curve is the average of a residue-specific
hydrophobicity index over a window of nine residues (15).

3.4.2.3. HeLicaL HyprorPHOBIC MOMENT

The helical hydrophobic moment at each position of the sequence is deter-
mined by this analysis. The moment statistic is the probability that the sequence
at each position is amphiphilic, meaning the position has hydrophobic residues
on one side and hydrophilic residues on the other. The hydrophobic moment is
calculated as described by Eisenberg et al. (16), except that the program nor-
malizes the hydrophobic moment for the local hydrophobicity of the amino
acids in the window where the moment is determined as described by Finer-
Moore and Stroud (17). This can be determined using PEPPLOT, GCG. The
program MOMENT (GCG) makes a contour plot of the helical hydrophobic
moment of a peptide sequence. This program identifies amphiphilic structures
by identifying when the residues on one side of the structure are more hydro-
phobic than on the other. The program HELICALWHEEL (GCG) plots a pep-
tide sequence as a helical wheel to help you recognize amphiphilic regions.
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Each residue is offset from the preceding one by 100°, the typical angle of
rotation for an o helix.

3.4.2.4. SURFACE PROBABILITY

The surface probability can be done according to the Emini et al. method
(18), using PEPTIDESTRUCTURE, GCG.

3.4.2.5. FLEXIBILITY

The flexibility can be determined using the method of Karplus-Schulz (19)
with PEPTIDESTRUCTURE, GCG.

3.4.2.6. GLYCOSYLATION SITES

Glycosylation sites are predicted for sites where the residues have the com-
position NXT or NXS. When X is D, W, or P, the site is taken to be a weak
glycosylation site. Otherwise, it is a strong glycosylation site. PEPTIDE-
STRUCTURE in GCG will accomplish this analysis.

3.4.2.7. ANTIGENIC INDEX (Al)

The Al is a measure of the probability that a region is antigenic. It is calcu-
lated by summing several weighted measures of secondary structure as described
by Jameson and Wolf (20). Al can be determined using the PEPTIDE-
STRUCTURE program in GCG and physicochemical result, Pdle Bio-
Informatique Lyonnais.

3.4.2.8. CoiLep-CoIiL SEGMENTS

Coiled-coil segments in protein sequences can be located with COILSCAN
(GCQG).

4. Notes

1. Information on how to purchase or run the different programs of GCG package
can be obtained at http://www.gcg.com. The Genetics Computer Group is
located at 575 Science Drive, Madison, WI 53711.

2. GCRDb contains the following information for some of the receptors:

GenBank information.

Reference: via Medline to the actual reference for the sequence.
FASTA DNA Format for each sequence.

FASTA protein format.

Graphic report.

2D snake model.

Swiss protein.

Mouse genome database.

OMIM.

tGRAP mutant.
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3.

4.

Additional information on how to do protein analysis using GCG can be found at

http://molbio.unmc.edu/class/ under class notes, Chapter 9.

Web sites that will provide programs for two- and three-dimensional structural

analysis of proteins are:

e Brookhaven National Laboratories, protein data base: http://www.pdb.
bnl.gov/. This site provides an archive of experimentally determined three-
dimensional structures of biological macromolecules.

e Entrez:http://www3.ncbi.nlm.nih.gov/Entrez/. The site is provided by the
NCBI.

e The Biology WorkBench: http://biology.ncsa.uiuc.edu/. The Biology Work-
Bench is a Web-based tool that allows biologists to search protein and nucleic
acid sequence databases. This site has many nucleic acid alignment and pro-
tein alignment and modeling tools.

PELE: Protein structure prediction.

GORA4: Predict secondary structure of proteins.

CHOFAS: Predict secondary structure of protein sequence (12).
MPSSP: Protein secondary structure prediction.

e ExPASy Molecular Biology Server: http://expasy.hcuge.ch/. The ExPASy is
a server of the Swiss Institute of Bioinformatics (SIB). This server is dedi-
cated to the analysis of protein sequences and structures. There are three basic
divisions of this site:

SWISS-PROT: Annotated protein sequence database: http://expasy.hcuge.ch/
sprot/sprot-top.html.

PROSITE: Database of protein families and domains: http://expasy.hcuge.ch/
sprot/prosite.html.

ExPASy Proteomics tools: http://expasy.hcuge.ch/www/tools.html.

e PBIL: http://pbil.univ-lyonl.fr/.

The PBIL World Wide Web server has been developed at the Laboratory of
Biometry, Genetics and Population Biology and the Institute of Biology and
Chemistry of Proteins. This site is dedicated to molecular biology and ecology.
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Polymerase Chain Reaction Screening of Genomic
Libraries for Adrenergic Receptor Genes

Dianne M. Perez and Michael J. Zuscik

1. Introduction

In the search for novel G-protein-coupled receptor genes, two common
approaches have worked fairly well and are relatively easy to perform. One
method is homology-based screening approaches, which utilize low-stringency
screening of genomic or cDNA libraries with a known cDNA probe. The other
method uses polymerase chain reaction-(PCR) based approaches on the same
genomic or cDNA libraries. The latter approach is more sensitive based on
the inherent amplification in the PCR process, and the strategic design of
the PCR primers can ultimately lead to more novel sequences being obtained.
The method can also be applied directly on mRNA after it is transcribed into
first-strand cDNA. However, libraries offer the assurance that once a PCR
product is obtained, the gene must be present in the library because it gener-
ated the template needed in the PCR process. This approach presents a quicker
means of obtaining a full-length clone.

This chapter emphasizes the PCR-based screening of genomic libraries. The
method can be applied to cDNA libraries as well. However, if one is familiar
with the intron/exon structure of the receptor family, then primers are designed
inside an exon and the possible intron interference in the PCR process is
negated (i.e., some introns are quite large, >20 kb, making complete PCR
amplification difficult). The genomic approach offers a higher chance of iden-
tifying a novel gene, since all genes must be encoded in the genomic DNA and
the construction of a genomic library does not favor one gene over another;
thus, there is even representation of genes in the library. On the other hand,
cDNA libraries are constructed from mRNA, and low-abundance genes would
be underrepresented, a common finding for the adrenergic receptors.

From: Methods in Molecular Biology, vol. 126: Adrenergic Receptor Protocols
Edited by: C. A. Machida © Humana Press Inc., Totowa, NJ
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A general procedural flowchart is illustrated in Table 1. The overall strat-
egy in this methodology is first to identify and generate a small PCR product
for novel subtypes, which is then used to probe for the full-length gene. This
approach takes advantage of the highly conserved regions within a receptor
protein to generate the PCR product and, therefore, will not encode a full-
length gene. The ability to PCR-amplify a full-length gene of a novel subtype
has never been successful, because the amino- and carboxy-terminis of adren-
ergic receptors are unique and share very low, if any, homology between fam-
ily members.

2. Materials
2.1. Equipment

This consists of a PCR machine, 3000-V power supply, agarose-gel appara-
tus, UV transilluminator, and DNA sequencing apparatus.

2.2. Special Reagents

1. Genomic library (either made or bought from Clontech [Palo Alto, CA] or
Stratagene [La Jolla, CA]).

2. Deoxynucleotide triphosphates; dATP, dCTP, dGTP, TTP (100 mM stocks from
Pharmacia, Piscataway, NIJ).

3. GTG-agarose; low melting or agarose; low EEO (FMC).

4. Random Primed Labeling Kit (Boehringer Mannheim, Indianapolis, IN).

5. Tagq Polymerase or similar version such as pfu (Boehringer Mannheim).

6. 50X TAE buffer (per L: 242 g of Tris base, 57.1 mL of glacial acetic acid, and
100 mL of 0.5 M ethylenediamine tetra-acetic acid [EDTA], pH 8.0).

7. 6X Agarose loading buffer: 0.25% bromophenol blue, 0.25% xylene cyanol, 30%
sterilized glycerol in sterile water.

8. TE buffer (10 mM Tris-HCI, pH 8.0, 1 mM EDTA, pH 8.0); sterilize by autoclaving.

9. 3 M sodium acetate, pH 5.2 (408.1 g of sodium acetate in 800 mL water). Adjust
pH with glacial acetic acid. Add water to 1 L. Sterilize by autoclaving.

10. Calf intestine phosphatase (CIP), Amersham.

11. pBluescript vector, Stratagene.

12. DHS5o competent cells (Gibco-BRL, Gaithersburg, MD).

13. NZCYM media (Gibco-BRL; 22 g/L of water, sterilize by autoclaving).

14. Ampicillin plates (NZCYM media plus 16 g of Bacto-agar/L of media, sterilize
by autoclaving, and cool to 55°C. Add 100 mg of ampicillin (Sigma, St. Louis,
MO)/L. Mix and pour into Petri dishes.

15. RNase A (Boehringer Mannheim): Make stock solution 10 mg/mL in ddH,O.
Boil for 20 min, and then slowly cool to room temperature. Aliquot.

16. Geneclean kit (Bio101, Vista, CA).

17. Solution 1: 50 mM glucose, 10 mM EDTA, 25 mM Tris-Cl (pH 8.0), sterilize or
prepare from sterile components.
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Table 1
PCR-Screening of Genomic Libraries

Strategic-design of PCR primers

Preparation of library for DNA templates

PCR and optimization of conditions

Gel analysis and subcloning of PCR products

Screening of PCR products by sequencing

Computer analysis of DNA and translated protein sequence

Traditional screening of the genomic or cDNA library for the full-length gene

18. Solution 2: 0.2 N NaOH, 1% sodium dodecyl sulfate (SDS). No need to sterilize.

19. Solution 3: 60 mL of 5 M potassium acetate, 11.5 mL glacial acetic acid, and
28.5 mL H,O. No need to sterilize.

20. 20% Polyethylene glycol (PEG) + 2 M NaCl. Weigh out 20 g/100 mL of PEG
[8000-10,000 mol wt], appropriate NaCl, and water. Autoclave for 20 min. The
solution need not be sterile, but autoclaving helps to dissolve the PEG.

21. Stop solution: 95% formamide, 20 mM EDTA, 0.05% bromophenol blue, 0.05%
xylene cyanol.

22. 10X TBE (per L: 108 g of Tris base, 55 g of boric acid, 40 mL of 0.5 M EDTA,
pH 8.0).

23. Stock acrylamide: bis-acrylamide, 40% (380 g acrylamide, 20 g N,N“-methylene
bis-acrylamide, ddH,O to 1 L). Store protected from light at 4°C. Acrylamide is
toxic. Wear gloves.

24. Acrylamide/urea gel stock solution (150 mL stock acrylamide:bis-acrylamide;
500 g urea; 100 mL 10X TBE buffer; ddH,O to 1 L). Warm to dissolve. Filter
through grade 361 qualitative filter paper. Store protected from light at room
temperature.

25. Gel wash solution (200 mL methanol; 200 mL glacial acetic acid; 1.6 L ddH,0).

26. Ethidium bromide solution, Sigma (10 mg/mL in ddH,0).

3. Methods
3.1. Strategic Design of Primers

The starting point in the design of PCR primers is to find two regions in the
receptor family that are highly conserved between the members. This is typi-
cally in the transmembrane (TM) spanning domains of the G-protein-coupled
receptor superfamily, which contain seven of these regions. The two regions
should not bridge any potential introns. Most adrenergic receptor genes are
intronless, but members of the o,-AR gene family do contain a large intron
(>20 kb) between TM 6 and TM 7 (1). Intron positions can be conserved among
receptor gene families. The two regions should also be spaced so that the pre-
dicted length of the PCR product is <1 kb but >200 bp. The size of the PCR
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product can be increased, but the efficiency of the PCR process is reduced with
longer extensions, and there is a greater chance of PCR-induced errors in the
products. Conversely, PCR products smaller than 200 bp will generate more
false positives and be inefficiently labeled with 3>P-dCTP when used as probes
in the eventual screening for the full-length clone. The adrenergic receptors
share an especially high homology in TM domains 3, 5, and 6, which collec-
tively forms the basis of the binding pocket for the endogenous agonists epi-
nephrine and norepinephrine (2—-4). As an example of the strategy, the primers
described below will use TMs 3 and 6 in the o,;-AR, predicted to generate a
PCR product of 500-600 bp. This strategy was the same procedure used to
clone the novel o;-AR subtype, the o,;p-AR (5).

3.1.1. Design of Primers

1. Align the amino acid sequence between family members in the two transmem-
brane domains as shown below. Find the region that has the highest homology
(bolded). Determine the consensus sequence.

™ 3
aa-AR FCNVWAAVDVLCCTASIMG
o,5-AR FCDIWAAVDVLCCTASILS
Consensus WAAVDVLCCTASI
™ 6
aa-AR LGIVVGCFVLCWLPFFLVM
o5-AR LGIVVGMFILCWLPFFIAL
Consensus IVVGMFILCWLPFF

2. Write the amino acid sequence of the consensus sequence between family mem-

bers, and underneath the amino acid, write the degenerate codons for that amino
acid.
W A A v D \Y% L C C T A S I,
5’- tgg, ge(alt/gle), ge(alt/gle), gt(alt/g/c), ga(t/c), gt(alt/g/c), (c/t)t(alt/gl/c),
tg(c/t), tg(clt), ac(a/g/clt), ge(alt/gl/c), (alt)(g/c)(alt/g/c), at(t/c/a) -3’. This oligo
represents a length of 42 bases with a degeneracy of 12,582,912 (see Note 1).

3. To reduce degeneracy, the following docking criteria can be employed (see
Note 2). The 3’ end mixed base is eliminated, since oligonucleotides are made
from the 3” end and resin columns used in the process are composed from a single
base. Inosine can be incorporated in places with high degeneracy (see Note 3).
Some codons for amino acids with high degeneracy (such as Ser and Arg which
have 6) can be eliminated based on the most common codon used in the family
members (see Note 4). Finally, degeneracy is reduced by eliminating the base-
pair in the degeneracy that is already encoded in existing family members (see
Note 5). Thus, the oligonucleotide is rewritten below to include the above dock-
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ing. I is for inosine. 5’-tgg, gc(c/t), gel, gtl, ga(c/t), gt(g/a), ctl, tgt, tgc, ac(alc),
gc(alt), tcl at(a/t) ct-3". This represents an oligonucleotide that is 41 bases long
with a degeneracy of 128. This primer is also the same “sense” as the mRNA or
the codons as written; it is referred to as a “sense” primer. This primer is also
only 83% identical to the known o;3-AR DNA sequence; thus, the PCR reaction
does not saturate with a known receptor subtype.

To facilitate cloning of the PCR products, you can incorporate restriction sites at
the end of the oligonucleotide (see Note 6) to match the restriction site in the
vector used for subcloning. The oligonucleotide is now written with two or three
of the same restriction sites at the 5" end. Here, EcoRI is used. 5’-gaa, ttc, gaa, ttc,
tgg, ge(c/t), gel, gtl, ga(c/t), gt(g/a), ctl, tgt, tgc, ac(alc), ge(alt), tcl at(a/t) ct-3.

. This methodology is repeated for the TM 6 consensus sequence. The sense ori-

entation of the primer is: 5’- atc, gtl, gtl, gg(t/g/c), atg, tt(t/c), at(a/t) tt(a/g), tgc, tgg,
ctl, cc(a/g/t), tt(t/c), tt-3” This primer is 41 bases long with a degeneracy of 144.
However, for the PCR process, one “sense” primer is needed along with an “anti-
sense” primer. Therefore, the above oligonucleotide is written in the “antisense”
orientation as below, which means writing its basepaired partner. We have also
included two of the EcoRI restriction sites, which must be at the 5" end.

3’-tag, cal, cal, cc(a/c/g), tac, aa(a/g), ta(t/a), aa(t/c), acg, acc, gal, gg(t/c/a),
aa(a/g), aac, tta, agc, tta, ag-5’. When ordering this oligo from a company, and in
established standard practice, oligonucleotides are always written 5" to 3’. There-
fore, rewrite the oligo as below.

5’- ga, att, cga, att, caa, (a/g)aa, (t/c/a)gg, lag, cca, gca, (t/c)aa, (t/a)at, (a/g)aa,
cat, (a/c/g)cce, Tac, lac, gat-3”. Therefore, this oligo is designated the “antisense”
primer. Primer design is now complete.

3.2. The PCR Reaction
3.2.1. Preparing the Library as the DNA Template

Place 1, 5, and 10 pL of the genomic library into separate microfuge tubes

containing 200 uL of sterile water. Heat to 95°C for 10—15 min, and snap-cool
in ice. This process breaks open the phage heads and releases the A and
genomic DNA (see Note 7). This is your DNA template stocks. Use the stock
that generates the best PCR products.

3.2.2. PCR Reaction

1.

Set up the PCR reaction as follows: 1 uL. of DNA template, 200 pmole each
primer, 10 uL of 10X PCR buffer (supplied by manufacturer), deoxynucleotide
triphosphates (ANTPs) at 1.25 mM each final, 0.5 uL of Tag polymerase, and
sterile water to 100 pL final volume. Add the Tag polymerase last. Overlay reac-
tion with 50 UL of sterile mineral oil. Therefore, you will have four reactions.
Three reactions will contain 1 pL. of DNA from each stock DNA template vial and
one control PCR that contains everything except the DNA template (see Note 8).
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2. PCR conditions (see Note 9): One cycle: Denature at 95°C for 5 min, anneal at
45°C for 5 min, extend at 72°C for 45 min, then PCR cycle for 35 cycles at 94°C
for 1 min, 45°C for 2 min, and 72°C for 3 min.

3.3. Gel Analysis of PCR Products

Electrophorese 20 UL of product in a 1.2% agarose gel. A band at the pre-
dicted size based on the primers should be apparent (see Notes 10 and 11).

3.3.1. Agarose-Gel Electrophoresis

1. Weigh out 1.2 g of Agarose (GTG or low EEO; see Note 12), and place into 100 mL
of 1X TAE buffer. Microwave or heat sample until all of the gel fragments have
solubilized. Add 5 pL of an ethidium bromide solution (10 mg/mL in water) for
visualization of the DNA, mix, and pour into a casting tray with comb. Allow to
solidify for about 1 h. Remove comb. Place gel in running chamber, and sub-
merge with 1X TAE. Place hardened gel in running chamber, and barely cover
gel with 1X TAE. Add loading buffer to each sample. Electrophorese mol-wt
marker and 20 pL of each PCR sample. Attach positive current cable to end of
gel box where the DNA (negatively charged) will migrate.

2. Electrophorese samples at an amperage that will not overheat the gel. Conduct
electrophoresis until the bromophenol blue in the loading buffer has migrated to
the end of the gel. Localize PCR products by placing gel on a UV transillumina-
tor, and photograph gel using a Polaroid camera.

3.4. Subcloning of PCR Products

The subcloning of the PCR products is required to isolate and identify indi-
vidual DNA sequences within mixed DNA populations that could exist in a
single band. Direct PCR cycle sequencing is not recommended for this reason.
The authors also recommend that each band be treated as an independent
sample and processed separately, as opposed to pooling the fragments and
screening a mastermix.

3.4.1. Isolation of Gel-Extracted DNA

1. If the PCR products are larger than 500 bp, you can gel-extract using a Geneclean
(BIO101) or similar product according to manufacturer’s specifications.

2. For fragments under 500 bp, use the GTG agarose in the electrophoresis. Excise
the individual bands with minimal excess agarose (visualize DNA on the UV
transluminator). Place gel slice in a microfuge tube, and incubate at 65°C until
the gel is melted.

3. Add 300 uL of TE buffer to the melted gel, mix, and extract out the liquified
agarose by adding an equal volume of heated equilibrated phenol (see Note 13).
Vortex and microfuge for 2 min to separate the phases. A heavy white precipitate
is present, which is the agarose. Remove and retain top phase, and repeat extrac-
tions until no white interface is obtained.
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4. Do a final chloroform extraction to get rid of any excess phenol that may inter-

fere with restriction digestion. Add an equal volume of chloroform to the top
phase, mix, and centrifuge. The DNA is present in the aqueous top phase.

Add 1/10 vol of 3 M sodium acetate to recovered top phase, and mix. Add 2.5 vol
of 95% ice-cold ethanol, mix, and incubate at —20°C for 20 min. Microfuge at top
speed for 15 min to pellet DNA.

Wash pellet with 70% ice-cold ethanol, and centrifuge if pellet dislodges. Decant
ethanol and dry pellet. Resuspend in 20 pL of TE buffer.

3.4.2. Restriction Digestion of PCR Products

1.

Prepare the digestion reaction using the restriction enzyme that you encoded in
the PCR primers (see Note 14): 20 uL of the DNA fragment in TE, 2.5 uL of the
10X digestion buffer (supplied by manufacturer of the enzyme), and 2.5 uLL of
the restriction enzyme (EcoRI). Incubate at 37°C (or required temperature) over-
night in a heat block (16-18 h).

Add an equal volume of equilibrated phenol and chloroform. Mix and microfuge
for 2 min to separate phases. Remove and retain top phase.

Add 1/10 vol of 3 M sodium acetate to recovered top phase, and mix. Add 2.5 vol
of 95% ice-cold ethanol, mix, and incubate at —20°C for 20 min. Microfuge at top
speed for 15 minutes to pellet DNA.

Wash pellet with 70% ice-cold ethanol, and centrifuge if pellet dislodges. Decant
ethanol and dry pellet. Resuspend in 10 UL of TE buffer. You can estimate the
amount of DNA isolated by comparing the band intensities of the mol-wt mark-
ers to the band of interest in the agarose gel and assuming an 80% recovery. This
amount of DNA is usually too small to estimate spectrophotometrically.

3.4.3. Preparation of Vector for Subcloning

1.

Use 10 ug of vector stock such as pBluescript (see Note 15). Add 2.5 uL of
the 10X digestion buffer (supplied by manufacturer of the enzyme) and 2.5 pL.
of the restriction enzyme (EcoRI). Incubate at 37°C (or required temperature)
for 2 h.

Purify cut vector DNA using the Geneclean kit or alternately by phenol/chloro-
form extraction as above (Subheading 3.4.2., step 2) followed by precipitation
of the DNA (Subheading 3.4.2., steps 3 and 4). Resuspend DNA in 10 uL TE.

. To the entire preparation of the EcoRI-cut vector, add 2.5 UL of CIP 10X buffer

(supplied by manufacturer) and 2.5 uL of the enzyme CIP and sterile water to
25 uL total volume. Incubate at 37°C for 2—4 h (see Note 16).

Clean-up the EcoRI/CIP-treated vector as in step 2. Resuspend the DNA in
30 uL of TE. This is your cut-vector stock.

3.4.4. Ligation Reaction

For information regarding ligation theory, see the Maniatis cloning manual

(6). The basic recipe is to use vector and insert DNA at a molar (not [Lg) ratio of
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1:3. Therefore, there are more moles of the insert than vector, which permits a
higher efficiency of ligation. Start with 0.1 pmol of vector or approx 0.2 g of
the EcoRI/CIP-treated pBluescript, but this is usually established empirically
depending upon how well the vector was digested with both the restriction
enzyme and the CIP (see Note 17).

3.4.5. Ligation of PCR Fragments into pBluescript

1. Prepare a ligation reaction for each isolated and prepared PCR band, in addition
to one control that contains everything except insert DNA; this control will deter-
mine the number of background colonies following transformation.

2. To 1 uL of cut-vector stock (or amount that yields satisfactory background; see
Note 17), add 5-10 uL of digested PCR DNA (to approx 1:3 molar ratio), 2 uL of
10X ligation buffer (supplied with enzyme), 2 UL of ligase, and sterile water to
20 pL final volume.

3. Mix and incubate overnight at 14°C (obtained by placing a water bath in a cold
room) (see Note 18).

3.4.6. Transformation into Bacteria

1. For simplicity, you can buy premade competent cells from Gibco-BRL. We rec-
ommend the DH5a: strain. For each ligation, use 100 pL of competent cells. Thaw
a vial on ice, and then aliquot 100 uL into prechilled 15-mL sterile polypropy-
lene centrifuge tubes used for each individual ligation reaction. Retain cap to
maintain sterility.

2. Add no more than 10 puL of the ligation mixture to centrifuge tube. To use the
entire mixture, perform multiple separate transformations. Mix slowly by mov-
ing the pipet tip back and forth. Do not vortex or pipet up and down. Incubate on
ice for 30 min (see Note 19).

3. Heat-shock competent cells by placing the centrifuge tubes in a 42°C water bath
for 1 min (timed). Do not use a heat block since heat transfer is compromised.
Return tubes to ice for another 2 min.

4. Add?2 mL of sterile NZCYM media (no antibiotic). Incubate with shaking for 1 h
at 37°C to allow the cells to develop antibiotic resistance.

5. Concentrate cells by centrifugation for 10 min at top speed in a tabletop centri-
fuge. Pipet and discard most of the supernatant, except for 200 uL. Resuspend
the cell pellet in the 200 pL. media. Plate and spread on 100-mm ampicillin plates
until moisture is absorbed. Invert plates and place in 37°C incubator overnight
(see Note 20 if using pBluescript).

6. Colonies should be apparent, with greater number than control plates (2-3x). If
using the blue/white selection, recombinants will appear pure white. If not using
pBluescript or other vector that discriminates recombinants, the plasmids should
be screened for insertion of DNA by restriction digestion before sequencing.
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3.5. Sequencing of PCR Products

Screen at least 20-50 recombinant colonies/PCR band to determine if the

PCR worked efficiently or was contaminated. Hundreds of colonies may need
to be screened to establish any new receptor subtypes.

3.5.1. Plasmid Preps for Double-Stranded DNA Sequencing

1.

10.

Pick individual colonies with a sterile toothpick. Touch the toothpick onto an
NZCYM agarose master plate (gridded and labeled for cataloging of numerous
colonies), and drop the toothpick into a culture tube containing 2.5 mL sterile
NZCYM. The NZCYM should contain 100 mg/mL ampicillin.

Shake tubes vigorously in a 37°C incubator overnight. Also, incubate the master
plate in a 37°C incubator overnight.

The next morning, centrifuge culture tubes at 2000 g for 10 min to pellet bacteria.
Also, store the master plate at 4°C for later reference.

Aspirate medium, and resuspend bacterial cell pellets in 100 puL of solution 1.
Transfer resuspended pellets to 1.5-mL Eppendorf tubes.

Incubate at room temperature for 5 min, and then add 200 uL solution 2. Mix by
inversion—do not vortex.

Incubate on ice for 5 min, and then add 300 pL of ice-cold solution 3. Vortex
gently for 10 s.

. Incubate on ice for 5 min, and spin for 5 min at maximum speed in a microfuge.

Transfer supernatants to fresh Eppendorf tubes.

Phenol/chloroform-extract by adding 100 pL each of equilibrated phenol
and chloroform. Vortex samples to mix and centrifuge completely for 3 min
at maximum speed in a microfuge. Transfer aqueous phase (upper phase) to
fresh tubes.

. Add 2 vol of 100% ETOH (ethanol; equilibrated at room temperature) to recov-

ered aqueous phase, vortex, incubate at room temperature for 10 min, and centri-
fuge at maximum speed for 10 min in a microfuge.

Decant supernatants, and wash pellets with 70% ETOH (200 pL). Drain all fluid
from tubes, and air-dry DNA pellets for 15-30 min at room temperature. Resus-
pend pellets in 40 uL TE buffer.

DNA prepared using this alkaline lysis method is of sufficient quality for re-
striction analysis. However, for use in sequencing reactions, it is suggested that
the DNA be further purified. Two common methods used for further purification
are outlined below.

. RNase A Method

a. Add 1 pL of RNase A (10 mg/mL stock) to each sample. Incubate at 37°C for
30 min.
b. Repeat steps 810 above to obtain DNA.
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2. PEG Method

a. Add 50 pL of an ice-cold solution of 20% PEG + 2 M NaCl. Incubate on ice
for 1 h or at 4°C overnight.

b. Centrifuge at maximum speed for 15 min in a microfuge. Decant.

c. Wash pellets with 70% ETOH (200 pL). Prior to washing, pellets may not be
visible; the 70% ETOH wash may cause pellets to become visible.

d. Centrifuge at maximum speed in a microfuge for 10 min. Drain all fluid, let
air-dry, and resuspend in 35 uL TE.

3.5.2. The Sequencing Reaction

The sequencing reaction may be conducted using any one of a number of
commercially available kits, but the protocol described below is optimized for
the Sequenase version 2.0 DNA sequencing kit (Amersham). This kit, which
employs the chain-termination method, includes a detailed instruction manual
that is a valuable troubleshooting guide. Use 1-2 g of the DNA for sequenc-
ing. The yield from a single miniprep is sufficient for two sequencing reac-
tions. Calculate the concentration of DNA before conducting the reaction (see
Note 21).

1. Denature double-stranded template DNA. To 15-uL aliquots of stock plasmid
DNA (prepared above), add 2 uL. of 4 mM EDTA (pH 8.0) and 4 uL of 1 N
NaOH. Incubate at room temperature for 10 min. Place a 2-uL drop of 2 M
ammonium acetate on the wall of each tube and wash with 100 puL ice-cold 100%
ETOH. Mix by inversion, and incubate in a —20°C freezer for 10 min. Centrifuge
tubes at maximum speed for 10 min in a microfuge, and dry pellet in a Speed Vac
for 10 min.

2. Anneal primer to single-stranded template DNA (if using pBluescript, use T7 or
T3 primer). To the single-stranded DNA samples prepared in step 1 above, add a
cocktail containing 7 uL sterile H,O, 2 uL of the 5X reaction buffer supplied
with the kit, and 1 pL of a 1 pmol/uL stock of primer. Anneal primer to template
by heating to 37°C for 10 min.

3. Label 4 tubes/clone and/or per primer with A, C, T, or G (termination tubes).
Deposit 3.5 pL of stock dideoxy (dd) ATP, ddCTP, ddTTP, and ddGTP into
appropriate tubes. Dideoxy nucleotide stock solutions are supplied with the kit.
To annealed DNA, add a cocktail containing 1 uL of 0.1 M dithiothreitol (DTT),
2 uL of diluted labeling mix (supplied with kit), and 0.5 uL [3S]deoxy ATP
(1 uCi/uL). Dilute polymerase 1:8 in dilution buffer (both supplied with kit), and
add 2 puL of diluted enzyme to reaction mixture. Incubate at room temperature for
2 min, and immediately transfer 3.5 UL of reaction mixture to each termination
tube. Incubate at room temperature for 10 min, add 4 uL stop solution, and store
in a —20°C freezer until needed.
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3.5.3. Preparation and Electrophoresis of Sequencing Gel

A number of sequencing apparatus are commercially available. The method
described below for pouring and conducting electrophoresis of a sequencing
gel is optimized for the Bio-Rad Sequi-Gen sequencing apparatus, which
includes a detailed set of instructions.

1.

3.6.

. The nucleotide sequence can be directly entered into a BLAST data bank for

Thoroughly wash gel plates with glass cleaner and then with 100% ETOH. To
ease removal of the outside plate after electrophoresis of the gel, coat the gel-
facing side of this plate with a solution of 2% silane (in chloroform) (toxic; wear
gloves). Assemble the gel plate sandwich, and pour a plug consisting of 50 mL of
a stock acrylamide/urea solution, 200 UL of a 20% ammonium persulfate stock
solution, and 200 uL N, N’,N’,N-tetramethylethylene diamine (TEMED). Set the
bottom edge of the assembled plates into the plug, and allow to polymerize for
45-60 min. After plug is set, pour the gel solution, which consists of 100 mL of a
stock acrylamide/urea solution, 100 UL of a 20% ammonium persulfate stock
solution (in H,O) and 40 uL. TEMED. Set comb to make wells, and allow gel to
polymerize >2 h (preferably overnight).

Loading and electrophoresis of gel: Assemble gel to running chamber, and add
1X TBE buffer. Preheat gel to 50°C (temperature of the glass plate) by applying
a current of 100 mA for about 30 min. Gel electrophoresis at high temperature
(>60°C) may crack glass. Bio-Rad sells glass-attachable temperature gauges for
sequencing. Heat sequencing reaction samples to 100°C for 3 min to ensure DNA
is denatured, and then immediately place the samples on ice. Set comb. Wash
(blow) out lanes just before loading, since urea diffuses out of the gel and dis-
turbs uniform loading. Load 4-7 pL per well. Conduct electrophoresis at a con-
stant current of 75 mA (or to maintain 50°C temperature) for desired length of
time based on primer used.

Autoradiography: After electrophoresis is complete, disassemble gel plates by
removing the outside plate. Gently rinse gel, which is still adhered to the inner
gel plate, with 2 L of gel wash solution (10% MeOH, 10% HOAc) to remove urea.
Rinse one more time with 1 L H,O. Transfer (peel) gel to thick chromatography
paper, and cover the exposed side of the blotted gel with plastic wrap. Trim edges
to fit and dry in a gel dryer for 1 h. Remove plastic wrap, and apply to X-ray film
ensuring that the dried gel is touching the film. Expose the film for 1-3 d.

Computer Analysis of Sequence Data

analysis of homology with known sequences. There is an internet site for The
National Center of Biotechnology Information, which contain BLAST search
engines. There is no need to sequence the PCR product fully. Sequence runs of
200-300 bases is sufficient to generate a “candidate” clone for further consider-
ation and analysis.
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2. Alternately, you can use common DNA manipulation programs, such as
Intelligenetics or DNA Star, and translate the DNA sequence obtained in both the
sense and complementary strand to obtain a predicted protein sequence (see Note
22). This should be done using all three reading frames. If you have found an
exon that encodes a protein, one of the three reading frames should be open from
primer to primer. However, there may be sequencing errors and the open reading
frame may have to be verified by sequencing in the opposite direction.

3. The protein sequence is then compared to other members of the known receptor
class. Since the transmembrane regions used in the primers are defined, the
sequence should be compared within that region. If you have found a new family
member, it is generally 60—-90% identical in amino acid sequence. However, novel
receptor subtypes that do not have high homology with known receptors (orphan
receptors) can have identity as low as 20-30% (see Note 23).

4. If the PCR is successful, you should retrieve members of the receptor family
from which the primers were designed and other potential clones. If you identify
a sequence that is 95-99% identical to a known sequence, it is likely the same
known gene (i.e., that is contained in the lab), is caused by sequencing errors or is
a species ortholog. You may have to screen hundreds of the colonies to find a
new member. If after screening 20-50 colonies and all candidates are known
receptor subtypes, you may have to redesign the PCR primers to deselect better
the known subtypes, because the PCR became saturated with these sequences.

5. Once you have identified a new receptor subtype or a potential orphan receptor
(i.e, “candidate clone”), use the PCR product to screen a library for the full-
length clone. The easiest way is to screen a cDNA library since this will not have
introns. However, Northern blot analysis using the PCR product as a probe
should be initially performed on a panel of tissues to determine target mRNA
abundance. A library prepared from a tissue source exhibiting the highest level
of target mRNA should then be probed. If unsuccessful, genomic library screen-
ing can be performed and any potential introns can be spliced out manually to
form a cDNA for expression studies.

3.7. Traditional Screening of the Genomic or cDNA Library
for the Full-Length Gene

Methods for the screening of libraries with a known probe are found in this
volume in Chapter 5.

4. Notes

1. Degeneracy is determined by multiplying the amount of individual degeneracies
of the codons (i.e., 4 X4 X4 X2 X4 X2X4X2X2XAXAX2X2X4X3=
12,582,912). This is too much degeneracy, since each unique sequence is repre-
sented only once in 12,582,912 copies. It is rare for this oligonucleotide to lead to
a PCR product, and the degeneracy must be reduced to a level under 256 for the
PCR reaction to contain sufficient copies of each primer for successful amplifi-
cation. This was found by personal experience in which primers made at 384 and
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512 degeneracy did not work, but when reduced in degeneracy to 256, produced
the expected PCR products (5). There are many companies available to synthe-
size oligonucleotides that will incorporate mixed bases and inosines. Order them
purified; if not, you will need to purify them in the lab (via cartridge, HPLC, or
gel purification). These purification methods are detailed in molecular biology
handbooks, but not in this chapter owing to space limitations.

2. The authors recommend starting with a very long oligonucleotide, such as 35-45
bases. Although this will lead to higher degeneracy, the longer oligonucleotide
becomes more tolerant of mismatches that will occur if you are trying to find a
novel receptor subtype. The longer the oligonucleotide, the higher the likelihood
of finding something very similar to known receptor subtypes, and the specificity
of the PCR process is increased. The shorter the oligonucleotide, the likelihood
increases for finding novel receptors outside the particular family. It is recom-
mended that the range 20-55 bases be used. Visually inspect the oligonucleotide
for apparent hairpin structures (i.e, self-annealing), and avoid using more than
four runs/repeats of the same nucleotide (i.e., aaaa).

3. Inosine can hydrogen bond with any nucleotide (although it prefers cytosine) and
is used in places where there is high degeneracy (three or more). It is not placed
within 5 bases from the 3" end of the oligonucleotide, since this region is critical
for specificity and the start of the amplification process. It is generally placed in
the middle or 5" end of the oligonucleotide. The longer you synthesize an oligo-
nucleotide, the more inosine it can incorporate. For a 40-base primer, we gener-
ally use about four or five inosines. If you incorporate too many inosines, the
specificity of the primer is reduced, since inosine can basepair with any nucleotide.

4. To reduce degeneracy, some of the codons are simply dropped from consider-
ation. This is plausible if the oligonucleotide is sufficiently long to be tolerant of
mismatches (see Note 2). If you have sequences of known receptor subtypes,
check which codons are preferred in those species. This offers an educated guess
at which codons to dock.

5. This is perhaps the most important docking criteria. If you dock bases in the
codons from known receptor subtypes, this increases the chances of finding novel
subtypes since they have a different DNA sequence (i.e., 0,;5,-AR and o,5-AR
contain a gca and gcg for alanine; you use gc[c/t] for the primer to deselect or
mismatch the known receptors). Second, you also reduced the likely possibility
of saturating the PCR product with the known receptor subtypes which can
reduce your chances of finding novel members. If the PCR process is working
well, you will retrieve known family members; however, you do not want this
process to be too efficient, since all of the primers will be soaked up, amplifying
known members and not available for finding new members.

6. Depending on the Tag polymerase utilized, the 5" and 3" ends can or cannot end
with an “a,” which is incorporated into the sequence. To subclone these prod-
ucts, either enzymatically blunt the ends or use a t/a cloning kit, which is com-
mercially available. All other polymerases generate blunt ends that are more
difficult to subclone than overhangs. Since a high subcloning efficiency is
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desirable to screen several PCR products, it is better to incorporate the restriction
sites into the primers. However, use a restriction site that is well characterized
and retains properties of cutting near the ends of DNA. This information is gen-
erally found in the reference section of catalogs of molecular biology companies,
such as Stratagene or New England Biolabs. Some enzymes cut better than others
when the restriction site is located near the end of the DNA sequence (within
10—12 bases). Multiple copies of the same restriction site are also used to ensure
that the sequence will be cut efficiently. Since we are merely screening sequences
and not expressing the protein, it does not make any difference if the reading
frame is altered in the PCR product owing to inclusion of the restriction sites.
In most cases, this DNA preparation is sufficient to generate PCR products. How-
ever, if no products are obtained, one alternate method of DNA preparation is to
restriction-digest the released DNA and, after cutting, extract the restriction
enzyme from the mixture with phenol/chloroform and then a final chloroform
extraction before preceding with the PCR reaction. Alternately, shearing the DNA
can be performed using an 18-gage needle. The idea here is to make the DNA
smaller (genomic libraries have A DNA that is 45 kb) and easier to denature
during the PCR process.

If the control tube yields a PCR product (any size), you have a contamination
problem, and it is best to stop here and determine the source of the contaminant.
Likely suspects are the pipets, water supply, buffers, hands, aerosols, or primers.
The problem becomes much larger if you have pieces of cDNA from other recep-
tors in the lab. It is best to start over and make fresh buffers, water solutions,
change pipets to ones not used in PCR or in handling the cDNAs, or conduct the
PCR setup in another lab.

You can experiment with different types of Taq polymerase, but since this is for
identification purposes only, any type will suffice. Some of the other polymerases
have a lower error rate in incorporation as well as higher stability, but have a
slower polymerization rate. The first PCR condition consists of a longer initial
denaturing step because the DNA template is large. The longer extension time
for one cycle allows a greater amount of first strand to be synthesized, increasing
the likelihood of producing a product. The annealing temperature is empirical.
You want the lowest temperature possible that provides the expected product
without too much background noise and smearing. The lower annealing tempera-
ture will also increase the chances of finding new products.

If there is no product, the conditions and amounts of primers and template need
to be adjusted empirically. You can increase the amount of DNA template and/or
amount of primers. If this is not successful, try adding 20% glycerol or formamide
to the PCR mixture. This will promote the dissociation of the double-stranded
DNA, which may be impaired owing to high GC content in the gene of interest.
Alternately, the DNA template can be restriction-digested with a 6-base cutter to
reduce the sizes of the DNA template stock (see Note 7). If after exhausting these
possibilities, there is still no PCR product, the primers must be suspected. Test
the primers on a known receptor subtype clone to determine if it amplifies a
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product. If this does not work, redesign the primers in a different region of the
receptor, since there may be too much secondary structure in the DNA to allow
efficient PCR conditions. If a smear is obtained in the gel, the concentration of
DNA, primers, or nucleotides may be too great. Reduce these amounts and also
try increasing the annealing temperature and reducing the time of elongation.
Smearing always means too much of something. A common problem in smearing
is that the Tag polymerase from the company has been contaminated with DNA,
but you will see this in your control tube if this is the case. Try another source.
Since family members of receptors share a similar length in both the DNA and
protein sequence, additional family members are likely to have similar-sized PCR
products. It is difficult to discriminate similar-sized mixed products on an agar-
ose gel, so sequencing will need to be conducted to discriminate clones. If a
different-sized band(s) is obtained in addition to the known subtypes, it is wise to
subclone these different products and screen by DNA sequencing. If you obtain
many bands (five or more), your PCR conditions are probably not stringent
enough.

GTG low-melting agarose is used when the predicted PCR products are small
(<500 bp). This special agarose has higher resolution for smaller DNA frag-
ments and offers a higher efficiency of extracting the fragments from the gel for
subcloning. Many commercially available kits for extracting DNA from gels (i.e.,
Geneclean) have a low efficiency for fragments below 500 bp.

Premade equilibrated phenol can be purchased from Amersham. Alternately,
solid phenol can be purchased, melted in a water bath at 60°C and 1 M Tris base
is added, mixed, and then settled. Repeat adding the Tris until a phase separation
is achieved. The phenol will soak up the water and increase its volume until
saturated, at which point the phase separation will appear. The lower phase is the
equilibrated phenol. Test a small aliquot with pH paper. It should be >pH 8.0. If
not, add more 1 M Tris base until this pH is achieved. Store in refrigerator with
the Tris base still on top. Do not use old phenol, which has acquired a color. If the
pH is below 8.0, the phenol may not cause a phase separation when used in
extraction.

As mentioned in Note 6, different enzymes cut better than others (some do not
even cut at all) when the restriction site is located near the end of a DNA frag-
ment. Therefore, use an enzyme that has been identified as an efficient cutter,
such as EcoRI. The reference section of molecular biology catalogs, under cut-
ting DNA near the end of fragments, identifies the particular enzyme you want to
use and the conditions for the digestion. Most cut efficiently only after an over-
night digestion.

There are several choices of the types of vectors used for subcloning. M13 vec-
tors offers single-stranded DNA which gives superior sequencing results and is
easier to screen by nitrocellulose lifts if so desired. Plasmid DNA is more univer-
sal, less technically difficult, and sequencing can be performed in both direc-
tions, but it is harder to screen by nitrocellulose lifts. Since this procedure
recommends screening by sequencing, we recommend plasmid DNA using a
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vector, such as pBluescript or similar versions that contain two sequencing
primer sites (i.e., T7 and T3) on either side of the cloning site for sequencing in
both directions. Another advantage of pBluescript is the blue/white selection (see
Note 20).

Phosphatase treatment of the 5" ends of the restriction-cut vector removes the
phosphates that are needed for the vector to religate to itself. Therefore, remov-
ing the phosphates prevents self-ligation, which promotes recombination with
inserts and gives little background of noninserted plasmids in the transformation.
It is not recommended to remove this step in the subcloning.

Take 1, 3, and 5 UL of the EcoRI/CIP-treated vector stock and transform into
bacteria according to Subheading 3.4.6. Use the same aliquot in the ligation
reaction that gives you some colonies, but under 10 colonies as background. If
there are too many colonies, 30 or more with the lowest aliquot, your restriction
digest and/or CIP treatment was inefficient, and it is best to restart the prepara-
tion and digest with longer incubation times. If no colonies were obtained, the
DNA was probably lost in the manipulations. The cutting process is never 100%
complete to generate no background colonies. Supercoiled DNA (uncut vector)
transforms with 100x greater efficiency than linearized DNA. Once a suitable
vector stock is prepared, isolate the PCR fragment to achieve a sufficient stock
for ligation at a 1:3 molar ratio. A small sample of the original PCR reaction can
be retained to allow reamplification if needed. Calculation of moles of either
plasmid or insert is achieved by measuring the OD 260y, of the sample and
using the conversion 1 OD = 50 pg double-stranded DNA; 660 g/mol = 1 bp or
approximating the concentration from the DNA markers run on an agarose gel
that is at a known concentration.

The temperature of ligation is a trade-off between allowing a low enough tem-
perature to promote a 4-base overhang to anneal, but not too low to inhibit fully
the reaction rate of the ligase whose optimum temperature is 37°C. The ligation
can be performed at room temperature for 4 h, followed by the transformation.
However, higher ligation efficiency can be achieved with the overnight incuba-
tion at 4°C.

The ligation mixture contains proteins and other molecules that can inhibit trans-
formation. Therefore, do not add the ligation mixture at more than 1/10 the vol-
ume of the competent cells, but separate the reaction into two aliquots if needed.
The 30-min incubation is a minimum. Longer incubations (hours) can increase
efficiency.

Another advantage of using pBluescript is blue/white selection. Recombinants
disrupt the B-galactosidase gene in the vector, and therefore disrupts the ability
of the vector to produce the enzyme and its ability to cleave a substrate (turns
blue). Therefore, if the inserts were incorporated, the colonies turn white. This
selection reduces the amount of subsequent work needed to identify recombi-
nants. To achieve this selection, add 50 UL of a 2% 5-bromo-4-chloro-3-indolyl-
B-p-galactoside (X-Gal)(Amersham) solution in dimethylformamide and 50 puL
of a 0.1 M isopropyl-p-p-thiogalactopyranoside (IPTG) (Amersham) solution in
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water, and spread on the ampicillin plates before the cells are added. The next
day, if blue (wild-type) colonies are not seen among the white colonies, incubate
the plate for a day in the refrigerator to bring out the blue color.

Calculation of moles of either plasmid or insert is achieved by measuring the OD
260ny of the sample and using the conversion 1 OD = 50 pg double-stranded
DNA and 660 g/mol = 1 bp of DNA, or approximating the concentration from the
DNA markers (with established concentrations) electrophoresed in agarose gels.
Translate both strands (one is translated as read; the sequence is inverted and
complemented to translate the other strand) since the orientation of the insert in
the vector is not known. Correct translation of the sequence is achieved when
you can identify the amino acids encoded in your primer as being those contained
in the predicted transmembrane domains of the known receptor subtypes. Con-
tinue reading the open reading frame from the correct translated primer sequence
to see if you have a novel sequence.

The first step to establish is that the PCR was not contaminated from cDNAs that
are already present in the lab. If the library is derived from human tissue, then
finding the rat cDNA sequence for a clone indicates contamination of the PCR
reaction. Always compare your sequences to known sequences in the lab. Spe-
cies homologs generally are 85% or greater in identity in DNA sequence, but
never 100%. If you have identified a recombinant that is 98% identical and the
species is not close in phylogenetics, it is probably a clone containing sequencing
errors.
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Solution-Phase Library Screening for Identification
of Rare Adrenergic Receptor Clones

Dianne M. Perez and Michael J. Zuscik

1. Introduction

Receptors, in general, are not highly expressed on endogenous cell surfaces.
Adrenergic receptors (ARs) are commonly expressed in the femtomolar range.
Correspondingly, their mRNA levels are also present in limited quantities.
Northern analysis of the adrenergic receptors has confirmed this observation
by requiring a high amount of poly A* RNA (10-20 pg/lane) for the detection
of the signal. To overcome this limitation, many investigators now use RNase
Protection Assays, which are of higher sensitivity but also require much less
poly A* RNA for analysis. Thus, the lack of abundant mRNA makes receptor
cloning studies difficult because of their underrepresentation in a given cDNA
library.

The solution-phase technique as published (1) was designed to overcome
time and labor difficulties in the cloning of adrenergic receptor genes. The
technique overcomes the underrepresentation problem by taking advantage of
the amplification ability of phage combined with the quickness and efficiency
of probing via solution-phase instead of solid-phase approaches. The technique
is pertinent when a specific probe (at least 200 bp) is generated or available for
the receptor cDNA, and it is known that a cDNA species exists in the library in
question. The methodology is analogous to performing a Southern blot analy-
sis on the library, but the key feature is diluting and reamplifying positive cul-
tures to concentrate the underrepresented phage. A flow diagram of the
methodology is summarized in Table 1. In addition to the solution-phase tech-
nique, this chapter also details methods in the traditional plaque hybridization
protocol, which one needs after a positive aliquot is identified.

From: Methods in Molecular Biology, vol. 126: Adrenergic Receptor Protocols
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Table 1
Methodology of Solution-Phase Library Screening

Southern blot or PCR screen library cDNA

Make nine 1-uL aliquots

Add 100X plating cells

Amplify aliquots in culture overnight

Isolate DNA from 1 mL; retain an aliquot of culture for future use

Digest DNA with restriction enzyme screen to release inserts

Label probe and conduct solution-phase hybridization with isolated phage DNA

Run hybridization on 4% nondenaturing acrylamide gel

Autoradiography on gel

Realiquot positive cultures

Reamplify and rescreen until concentration of phage stock increases and all cultures
are positive

Plate out positive culture and by traditional plaque-hybridization technique

The solution-phase technique should be used when traditional plaque
hybridization methods (nitrocellulose lifts) come up empty-handed. It is not
recommended as an alternative to traditional screening methods, since the time
required is longer and the amount of technical expertise needed is greater owing
to problems in solution amplification of phage. In the cloning of the
op-AR cDNA (1), a PCR product was first generated based on degenerate
primers to known subtypes. Once identified as novel, the PCR product was
used to screen a total of 1.8 X 10° recombinant plaques of a rat hippocampus
cDNA library, but failed to identify a positive plaque even though Northern
analysis identified a transcript in rat hippocampus mRNA. However, the pres-
ence of at least one copy of the cDNA in the library was verified by performing
a Southern blot analysis on the library itself. The extremely low abundance of
the cDNA in the library prompted us to develop the solution-phase library
screening method. Accounting for the low abundance of the cDNA in the
library, one would have to screen the equivalent of 2250 Petri dishes of 150 mm (or
90 x 10° plaques) to identify this clone by traditional plaque hybridization.
Solution-phase screening enhanced the concentration of the phage containing
the cDNA by 300-fold and resulted in the screening of only 10- to 150-mm
Petri dishes to obtain finally the full-length clone.

2. Materials
2.1 Equipment

This consists of a PCR machine, autoradiography cassettes with intensify-
ing screens, darkroom and film developer, incubator ovens, tabletop shaker,
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polyacrylamide gel electrophoresis apparatus, power supply, shaking incuba-
tor for bacteria cultures, B-counter, water bath, agarose-gel apparatus, UV tran-
silluminator, and Stratalinker (UV crosslinker).

2.2. Reagents

1.

b

o 2N

10.

11.

12.

13.

14.

15.
16.
17.
18.
19.
20.

21.

22.

cDNA library (either made or bought from Clontech [Palo Alto, CA] or
Stratagene, La Jolla, CA).

RNase-free DNase 1 (Boehringer Mannheim).

Deoxynucleotide triphosphates; dATP, dCTP, dGTP, TTP (100 mM stocks from
Pharmacia, Piscataway, NIJ).

Agarose, low EEO (FMC).

Nitrocellulose filters (Hybond C; Amersham, Piscataway, NJ), nitrocellulose
sheets, Bio-Trace NT (Gelman).

C600H({] cells or other lawn cells (Gibco-BRL, Gaithersburg, MD).

Random Prime Labeling Kit (Boehringer Mannheim, Indianapolis, IN).
NZCYM powdered media, Gibco-BRL; 22/L, sterilize by autoclaving.

50X TAE buffer (per L): 242 g of Tris base, 57.1 mL of glacial acetic acid, and
100 mL of 0.5 M ethylene diamine tetra-acetic acid (EDTA) pH 8.0.

6X Agarose-loading buffer: 0.05% bromophenol blue, 0.05% xylene cyanol, 30%
sterilized glycerol in sterile water.

20X SSC: 175.3 g of NaCl and 88.2 g of sodium citrate/L of water. Sterilize by
autoclaving.

3 M Sodium acetate, pH 5.2 (408.1 g of sodium acetate in 800 mL water). Adjust
pH with glacial acetic acid. Add water to 1 L. Sterilize by autoclaving.

10X TBE (per L): 108 g of Tris base, 55 g of boric acid, 40 mL of 0.5 M EDTA,
pH 8.0.

Ampicillin plates (NZCYM media plus 16 g of Bacto-agar/L of media, sterilize
by autoclaving, and let cool to 55°C. Add 100 mg of ampicillin (Sigma, St. Louis,
MO)/L. Mix and pour into Petri dishes.

Agar plates for library screening (NZCYM media at 22 g/L, agarose [low EEO]
at 16 g/L, sterilize by autoclaving, and pour into 150-mm Petri dishes).

Top agar (NZCYM media at 22 g/L and add agarose [low EEO ] at 0.7%. Prepare
smaller aliquots at 100 mL, and sterilize by autoclaving).

Acrylamide gel-loading buffer (same as agarose-loading buffer).

Denaturing solution: 87.75 g NaCl, 20 g NaOH, ddH,O to 1 L.

Neutralization solution: 87.75 g NaCl, 6.7 g Tris base, 70.2 g Tris-HCI, ddH,O
to1L.

Hybridization solution (5X SSC), 5X Denhardt’s solution, 25% formamide, 1%
sodium dodecyl sulfate (SDS); 10% dextran sulfate.

50X Denhardt’s stock solution (for 500 mL): 5 g ficoll, 5 g polyvinylpyrrolidine,
5 g bovine serum albumin (BSA) (fraction V), ddH,0 to 500 mL. Warm to 50°C
until dissolved.

TM buffer (10X): 12.1 g Tris base (100 mM final), 20.3 g MgCl, (100 mM final),
ddH,O to 1 L, autoclave.
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23. Whatman DE 52 resin: Suspend resin in equal volume of 1 M Tris-HCI, pH 7.6,
to swell. Using Whatman #1 filter paper and funnel, remove Tris and wash resin
with TM buffer. Transfer resin to bottle, and add TM buffer to 3X vol. Mix and
resuspend before using.

24. Depurination solution : 0.2 N HCl or 6.5 mL of 12.1 N HCl in 1 L ddH,O.

25. Geneclean kit (Bio101, Vista, CA).

26. Solution 1: 50 mM glucose, 10 mM EDTA, 25 mM Tris-HCI, pH 8.0.

27. Solution 2: 0.2 N NaOH, 1% SDS.

28. Solution 3: 60 mL of 5 M potassium acetate, 11.5 mL glacial acetic acid, 28.5 mL
ddH,O0.

29. Sequenase sequencing kit (Amersham).

30. 40% Acrylamide stock solution: 380 g acrylamide, 20 g N,N’-methylene bis-
acrylamide, ddH,O to 1 L. Filter.

31. 6% Sequencing gel stock solution: 150 mL of acrylamide stock solution, 500 g
urea, 100 mL of 10X TBE buffer, ddH,O to 1 L. Warm to dissolve. Filter through
grade 361 qualitative filter paper. Store protected from light at room temperature.

32. T, DNA ligase, T, DNA kinase, calf intestinal phosphatase (IP), restriction
enzymes (Amersham).

33. RNase A (Boehringer Mannheim): Make stock solution in ddH,O; boil for
20 min, let slowly cool at room temperature, and aliquot.

34. 20% Polyethylene glycol (PEG)/2 M NaCl: Weigh out components in ddH,O.
Autoclave to dissolve.

It should be noted that all work described below must be carried out in sterile
vessels using sterile solutions and media.

3. Methods
3.1. Probe Isolation

Probes can be generated via PCR using primers based on conserved
sequences in the transmembrane domains of the receptor. If one is looking for
unknown subtypes of a published receptor cDNA, transmembrane domains
three, five, and six are generally the most highly conserved in adrenergic
receptors, because they contain key amino acids in the binding of agonist. A
detailed methodology for isolation of probes is described Chapter 4 of this
volume. Theoretically, one can also develop a probe from a known receptor
subtype, and use the probe under low stringency screening in the solution-
phase hybridization step. However, you would never be certain of the identity
of the amplified phage, until the clone is eventually isolated and sequenced.
The same argument holds for the use of oligonucleotides, which will generate
a greater number of false positives owing to the even lower specificity. It is
recommended that a specific probe of at least 200 bp be used to allow high
stringency screening and high specific activity labeling with 32P-dCTP. The
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longer the probe, the greater the specificity and likelihood of identifying the
correct clone.

3.2. Testing for the Presence of the cDNA in the Library

The library in question (see Note 1) needs to be screened to assure that the
probe recognizes a cDNA that is present in the library. This can be accom-
plished either by Southern blot or by PCR as described below (see Note 2).

3.2.1. Southern Blot of Library

1.

[O8]

Plating cells are grown by picking an individual colony from a plate and growing
in sterile NZCYM media containing 0.2% maltose and 10 mM MgSO,. Like all
bacterial cultures, there should be good aeration for healthy growth with the ratio
of media to container volume never exceeding 1 :4. Prepare about 20-50 mL (see
Note 3).

Take 5 pL of the library and add to 5 x 10% of the appropriate plating cells or
the amount of cells that yields the correct multiplicity of infection (MOI). See
Subheading 3.3.1. for the concept of MOL.

Grow culture in shaking incubator at 37°C overnight until cells lyse.

Add 200 pL of chloroform to lyse remaining cells. Mix. Centrifuge (low speed in
tabletop centrifuge, such as T6000, see Note 10) to remove debris. Remove and
retain supernatant.

. Pellet phage by adding an equal volume of ice-cold 20% PEG/2 M NaCl. Mix

thoroughly and incubate in ice bucket for 1-2 h (see Note 4).

Centrifuge at least 20 min at 14,000g. Decant liquid off carefully; phage pellet is
soft. Store tube upside down for a few minutes to drain off excess PEG. Wipe
tube of excess moisture with Kimwipe.

Resuspend pellet in 300 UL of sterile TE buffer (10 mM Tris-HCI1, | mM EDTA,
pH 8.0). Transfer to small Eppendorf microfuge tube. Lyse phage by adding equal
volume of equilibrated phenol (see Note 5). Mix gently, but thoroughly.
Microfuge for 2 min to separate phases. A large white layer should be apparent,
which represents denatured protein. Remove and retain top phase without dis-
turbing the white protein interface. Repeat phenol extraction until no white phase
is observed. Add equal volume of chloroform to removed top phase. Mix and
centrifuge for 2 min. This step removes the excess phenol. Remove and retain
aqueous top phase.

To top phase, add 1/10 vol of sterile 3 M sodium acetate, and mix. Then add
2.5 vol of 95-100% ice-cold ethanol. Mix gently. Sometimes the DNA is readily
visible at this point, forming a cotton ball-like precipitate. Incubate at —20°C for
20 min. Centrifuge in microfuge for 10 min at 14,000g. Decant liquid. DNA is
white pellet. Let dry thoroughly by inverting tube.

Resuspend DNA pellet in 20 uL of TE. Restriction-digest all of the DNA with
the appropriate enzyme to release the insert (see Note 6). Agt10 uses EcoRIL
To 20 uL of DNA, add 3 uL of 10X restriction enzyme buffer (supplied by
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manufacturer), 3 UL of EcoRI (high concentration), and sterile water to 30 puL
total. Incubate at 37°C for 4 h.

Electrophorese digested DNA in a 1.2% agarose gel. Weigh out 1.2 g of agarose
(low EEO) and place into 100 mL of 1X TAE buffer. Microwave or heat sample
until all of the gel fragments have solubilized. Add 5 uL of an ethidium bromide
solution (10 mg/mL in water) for visualization of the DNA, mix, and pour into a
casting tray with comb. Let solidify about 1 h, then remove comb. Place gel in
running chamber and submerge gel with 1X TAE buffer. Add loading buffer to
each sample. Run a mol-wt marker and all of digested DNA sample. Apply posi-
tive current to end of box where DNA (negatively charged) will migrate.
Conduct electrophoresis at an amperage that will not overheat the gel. Electro-
phorese gel until the bromophenol blue in the loading buffer has migrated to the
end of the gel. Localize DNA by placing gel on a UV transilluminator and photo-
graph gel using a Polaroid camera for documentation. A fluorescent ruler can be
used to size bands identified in Southern analysis to DNA markers in ethidium-
stained gel.

Transfer DNA in gel onto nitrocellulose via the Southern technique.

3.2.1.1. SOUTHERN TECHNIQUE

1.

W

b

7.

Place gel in acid depurination bath (0.2 N HCI) with gentle rocking for 10-15

min or until the bromophenol blue tracking dye has turned from blue to yellow.

Decant acid solution and rinse gel three times in ddH,O. Bathe gel in denatur-

ation solution with gentle rocking for 15 min.

Decant denaturation solution, and repeat denaturation.

Decant denaturation solution. Bromophenol blue tracking dye should be blue

again.

Bathe gel in neutralization solution with gentle rocking for 30 min.

During neutralization, prepare transfer stack:

a. Cuta piece of nitrocellulose filter paper to be roughly equal to the dimensions
of the gel. Wet filter in a bath of ddH,O for 1 min, and place in a 2X SSC bath
until ready to use.

b. Cut 8 pieces of Whatman 3MM paper just smaller than the dimensions of the
nitrocellulose.

c. Cut a stack of paper towels (4—6 cm high) just smaller than the dimensions of
the Whatman 3MM papers prepared in the previous step.

d. To prepare a wick, cut 3 or 4 strips of Whatman 3MM paper that are just
wider than the gel and up to 18 or 20 in. long.

e. Prewet wick in 10X SSC, and construct a platform bridge in a large baking
dish that will permit the wick to hang into the dish filled with 10X SSC. A
large agarose-gel casting tray or a plate of glass can be used to form a bridge.

Assemble the stack.

a. Place the gel face down on the center of the wick, removing all air bubbles
between gel and wick.
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10.
11.

12.
13.

b. Set nitrocellulose squarely on gel. Once filter touches gel, do not lift or move
since DNA transfer has likely already begun. Again, be sure there are no air
bubbles.

c. Prewet one of the eight pieces of Whatman 3MM in 10X SSC, and set it
squarely on the nitrocellulose. Avoid short circuits by not allowing 3MM
paper to overlap nitrocellulose and touch gel. Remove any bubbles.

d. Stack the remaining Whatman paper and paper towels, and weight stack with
300-500 g to compress sandwich lightly. Again, avoid short circuits; paper
towels must not overlap onto Whatman 3MM or nitrocellulose. Allow trans-
fer to proceed overnight.

On the next morning, disassemble stack down to nitrocellulose paper.

Lift dehydrated gel with adhered nitrocellulose, and place on a piece of Whatman

3MM paper with the nitrocellulose side down. Carefully remove gel and discard.

If desired, mark lane locations and label blot with soft pencil or ballpoint pen.

Bathe nitrocellulose in 5X SSC for 5 min.

Air-dry blot at room temperature (~15 min). Crosslink DNA to filter using auto-

matic UV crosslinker, DNA side up to UV lights.

Further dry blot at 80°C for 30 min to 1 h.

Store blot until needed at room temperature. Keep blot dry and free from dust by

sandwiching it between sheets of Whatman 3MM paper or between paper towels.

3.2.1.2. PREHYBRIDIZATION, HYBRIDIZATION, WASH

Label DNA probe, hybridize, and wash according to Subheading 3.4.3.

3.2.2. PCR Screening of Library

1.

Dilute 10 pL of library stock and into 200 uL of sterile water. Heat to 95°C for
10 min, and snap-cool on ice. This will disrupt phage heads and release the DNA.
This is the DNA template stock for the PCR reaction.

Design a “sense” and “antisense” primer from the double-stranded DNA sequence
of your probe. If you designed the correct PCR primers in the proper orientation,
the 3" ends of each primer will be pointed toward each other when annealed to
their respective regions in the double-stranded probe. The primers should be about
20-25 bases long and generate a PCR product of at least 200 bp.

Set up the PCR reaction as follows: 1 uL. of DNA template, 200 pmol each primer,
10 uL of 10X PCR buffer (supplied by manufacturer), dNTPs at 1.25 mM each
final, 0.5 UL of Tag polymerase, and sterile water to 100 uL final volume. Over-
lay with 50 pL of mineral oil. In addition, set up a control PCR that contains
everything except the DNA template (see Note 7).

PCR conditions (see Note 8): One cycle: Denature at 95°C for 5 min, anneal at
45°C for 5 min, extend at 72°C for 45 min, then PCR regular cycle for 35 cycles
at 94°C for 1 min, 45°C for 2 min, and 72°C for 3 min. Electrophorese 20 uL of
product in a 1.2% agarose gel. A band of the predicted size determined by the
primers should be apparent (see Note 9).
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3.3. Solution-Phase Screening Protocol
3.3.1. Testing for Correct MOI

One of the most difficult steps in the solution-phase screening procedure is
to find the correct MOI. Phage has a generally narrow MOI range in which
lysis will occur and generate sufficient phage heads for subsequent DNA prepa-
ration. A critical point is that the bacterial cells need to be in an appropriate
phase of growth for phage infection to occur. When the bacterial cells stop
growing and dividing, the phage infection will also stop. You must be within a
fivefold dilution of the optimal MOI to obtain sufficient lysate for phage isola-
tion. Too high of an MOI will result in all of the cells being immediately
infected and lysed. In this case, the amplification process will stop prematurely
and limit subsequent rounds of infection. Too small an MOI will result in lim-
ited infection and lysis, resulting in an early saturation of the bacterial culture
and cessation of bacterial growth. The testing for the correct MOI is empirical
and depends on the total volume used as well as the particular phage type.

1. Determine the volume of media used for phage infection (i.e., 2 mL). To a series
of sterile culture tubes, add prepared plating cells (a culture of plating cells pro-
vides 1 x 103 cells/mL at 1 ODgony) to various amounts of phage stock (i.e.,
library titer is typically around 10°PFU/uL) starting with a ratio of 100 cells:
1 PFU. Add additional NZCYM media to achieve the 2 mL total volume. It is
recommended to set up a series of tubes with half-log changes in ratio above and
below the starting 100:1 ratio. Use a large enough tube to achieve sufficient
aeration (1:4-5).

2. Incubate with shaking at 37°C overnight. Add one drop of chloroform to each
tube and prepare miniprep phage DNA according to Subheading 3.2.1., steps
4-8. Measure phage content by analysis on a 1% agarose gel or OD,gonm
(1 ODygonm = 50 ng double-stranded DNA) and select the MOI ratio that pro-
duces the highest yield of DNA for experiments.

3.3.2. Amplification of Library Aliquots

1. Into nine separate sterile culture tubes, add 1-uL aliquots of the library into plating
cells used at the correct MOI in a total volume of 2 mL (see Subheading 3.3.1.).

2. After overnight incubation with shaking at 37°C, one drop of chloroform is added
and mixed to lyse any remaining cells. The cultures are centrifuged at a low speed
(tabletop centrifuge, such as T6000) to pellet cellular debris (see Note 10), and
the supernatant fraction (phage stock) is retained for future analysis.

3.3.3. A DNA Minipreparation

1. 1 mL of each supernatant (the rest is retained for subsequent amplification) is
used to prepare A DNA, by adding 27 U of RNase-free DNase 1 with incubation
for 20 min at 37°C. This step destroys any bacterial DNA that results from the
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phage-induced cell lysis. Three hundred microliters of ice-cold 20%PEG/2 M
NaCl solution are added to each supernatant, mixed, and incubated on ice for 1 h.

2. Centrifuge in the microfuge at full speed for 20 min. A pinhead sized pellet should
be visible at this point (see Note 4). The pellet is resuspended in 300 pL. of TE
and DNA is extracted with phenol/chloroform several times as noted in step 7 of
Subheading 3.2.1.

3. Sodium acetate is added to 0.3 M final concentration, and then 2.5 vol of 100%
ice-cold ethanol are added, mixed, and incubated at —20°C for 20 min to precipi-
tate the DNA. The sample is centrifuged in the microfuge at full speed for
10 min, and the resulting DNA pellet dried.

4. Resuspend DNA in 17 uL of TE, and digest all of the resulting DNA for 1-2 h
with the appropriate restriction enzyme to release the inserts (see Note 6). See
Subheading 3.2.1., step 9 for digestion protocol.

3.3.4. Labeling of Probe and Solution-Phase Hybridization

1. Label probe according to manufacturer’s directions in the random-primed label-
ing kit (Boehringer Manneheim) using o*?P-dCTP (specific activity at least 3000
Ci/mmol). Twenty-five to 50 ng of probe DNA should generate at least 1 x 108
total cpm of purified probe. Probe should be purified from unincorporated
32P_dCTP with the use of a spin-column made from Sephadex G-50. Care is taken
to handle and dispose of radioactive materials properly.

2. A spin column is prepared by using a 1 mL syringe, plugging the bottom with
glass wool, and adding Sephadex G-50 that is preswollen in sterile TE. Lightly
pack the column by placing syringe in a 15-mL polypropylene centrifuge tube to
catch eluted liquid. Centrifuge in a tabletop centrifuge at low speed (1g) for
I min. Decant off spin-off liquid. Pack column to a final volume of 0.9 mL. The
probe is then added to the top of the prepacked column, washed with 100 uL of
0.1 M EDTA, pH 8.0, and centrifuged at 3g for 2 min. The spin-off liquid now
contains the purified probe; unincorporated nucleotides are held up in the
Sephadex beads.

3. 1 x 10° cpm of the labeled probe is added directly to the digestion mixture, and
the salt concentration is adjusted to 3X SSC from a concentrated stock (20X
SSC). The mixture is boiled for 5 min and transferred immediately to a 55°C
water bath for 15 min. Loading buffer is added.

3.3.5. Gel Electrophoresis and Autoradiography

1. The above samples are analyzed on a 4% nondenaturing polyacrylamide minigel
(see Note 11). The entire sample is loaded directly. To determine molecular
weights visually, a lane containing 3’P-end-labeled DNA markers can be used
(see Note 12). This is prepared by taking 1 uL. of DNA marker (i.e., 1-kb ladder
usually at 1 pug/uL), adding 1 pL of 10X kinase buffer (supplied by manufac-
turer), 5 uL of y3?P-ATP (specific activity at least 3000 Ci/mmol), 2 uL of sterile
water, and 1 pL of T, kinase. Incubate for 40 min at 37°C. Separate marker from
unincorporated labeled nucleotides in a 1-mL spin-column of Sephadex G-50.
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The amount of marker to electrophorese is determined empirically to limit film
overexposure. Only a small amount of the stock is required.

A 4% polyacrylamide gel is prepared by adding 13 mL of 30% acrylamide stock
(29% acrylamide and 1% N,N’-methylene bis-acrylamide), 74.9 mL of water,
2.1 mL of 3% ammonium persulfate, and 10 mL of 10X TBE. Add 30 uL of
(N’,N’,N’,N-tetramethylethylene diamine (TEMED), swirl, and pour between
glass plates before polymerization. Add comb. There is no need to pour a stacker
gel. After polymerization, electrophorese gel (8 V/cm) in 1X TBE. Prerun gel for
15 min before loading sample.

After electrophoresis, the gel is separated from the glass plates and placed in
Saran wrap. The entire gel is placed inside a film cassette with a piece of Kodax
X-AR film or its equivalent. The gel does not need to be dried, since it is thin
enough for placement within the cassette. Exposure time varies depending on the
specific activity of the probe, but usually takes about 4 h at room temperature.
At this point, a band is usually observed at a molecular weight corresponding to
the size of the cDNA insert; it may be full-length or it may represent a partial
clone (see Note 13). Multiple bands may appear depending on the different sizes
of cDNAs represented in the library. Since the cDNA is not abundant, it is likely
that similar bands will not be present in all aliquots. At this point, take the aliquot
that provides the most intense bands and longest insert and proceed to Subhead-
ing 3.3.6. for reamplification.

3.3.6. Subdividing Aliquots and Reamplification

1.

Once the positive aliquot is identified, the previously saved portion of the phage
stock is realiquoted into nine 1 UL samples and plating cells added at the correct
MOI as before. Subheading 3.3.2. and onward are performed again.

Repeat Subheading 3.3.2. on the positive aliquot until all realiquoted samples
show an intense positive band(s). A solution-phase screening should show simi-
larity to Fig. 1, which has undergone two rounds of subdividing and
reamplification. The most intense aliquot is then plated and screened by the tradi-
tional plaque hybridization technique.

3.4. Traditional Plaque Screening of Positive Aliquot

The traditional approach for screening a genomic or cDNA library involves

use of a specific probe to identify DNA transferred to nitrocellulose paper from
individual phage-generated plaques. Phage DNA from multiple plaques, which
is immobilized onto nitrocellulose filters, is probed much like a Southern blot,
and positive plaques are isolated and purified via several rounds of screening.
Described below are the experimental procedures required to screen a library.

3.4.1. Plating Procedure

Host bacteria are prepared. The library of interest is titered to determine the

appropriate phage-to-bacteria ratio for the generation of dense lawn of plaques
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Fig. 1. Solution-phase library screening. Row A: One positive culture was found on
screening nine 1-uL aliquots of a cDNA library. The band was 2-3 kb in length. Row
B: Nine 1-uL aliquots of sample 2 in row A were reamplified and rescreened. Two
positive cultures were identified. Row C: Nine 1-uL aliquots of sample 5 in row B were
reamplified and rescreened. All cultures are now positive. Culture 5 stock in row C
was screened by traditional plaque hybridization and permitted a cDNA to be isolated.

on 150-mm plates. The goal of the titering experiment is to determine the opti-
mum conditions necessary for generating as many distinct plaques as possible
on 150-mm plates. Fixed aliquots of bacterial cells are infected with varying
amounts of phage, and a top layer of agarose containing the infected bacteria is
poured onto the 150-mm agarose plates. The dilution of phage stock that forms
the greatest number of distinct plaques is used to generate many plates (6-20)
of crowded plaques for transfer to nitrocellulose.

1. Preparation of host bacteria: Streak an NZCYM plate with the appropriate bacte-
rial strain for the library, and incubate overnight in a 37°C incubator. Using a
sterile toothpick, pick a colony from the plate and inoculate a 25-mL vol of ster-
ile NZCYM containing 0.2% maltose and 10 mM MgSO,. Provide maximum
aeration by using a 100-mL flask. Grow to log phase in 37°C shaking incubator
(4-6 h). When log phase is reached, transfer culture to a 50-mL sterile conical
tube and centrifuge at 2000g for 10 min. Resuspend bacterial pellet in 12.5 mL of
10 mM MgSO,. These plating cells can be stored at 4°C for up to 1 wk.

2. Titering of phage stock: Prepare top agarose, which is usually premade and stored
in bottles, by melting with an autoclave or microwave oven. During melting, be
sure that the cap on the bottle is loose to prevent pressure build-up and explosion.
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If using a microwave, frequently check to prevent boil-over. When top agarose is
completely melted, place bottle in a 50°C water bath, and allow to equilibrate to
50°C. Temperatures above 60°C will kill the host bacteria.

3. Prepare serial dilutions of phage stock (1:10 down to 1:100,000, if necessary) in
TM buffer. Label each dilution to avoid confusion.

4. Infect separate 200-uL aliquots of plating cells (at the bottom of labeled 15-mL
sterile conical tubes) with 1-10 UL of each phage dilution. Incubate tubes first at
room temperature for 10 min and then at 37°C for an additional 10 min.

5. Label fresh NZCYM plates for each dilution. (To improve spreading of top aga-
rose, it helps to prewarm the plates to 37°C.) Add 9 mL of melted top agarose to
a single tube containing the cells, and phage, cap, and invert tube several times to
mix. Pour top agarose mixture onto appropriate plate, and rock plate to distribute
solution evenly. A uniform layer of top agarose is essential to maximize transfer
during the blotting step (Subheading 3.4.2.). Mixing and pouring must be per-
formed quickly before agarose hardens (about 10-20 s).

6. Incubate plates inverted at 37°C for 6-16 h (or overnight) or until individual
plaques are clearly visible. For future reference, identify the phage dilution that
generates the densest lawn of individual plaques (see Note 14).

3.4.2. Nitrocellulose Lifts

Once the optimum titer is determined for the generation of a densely popu-
lated, but not confluent lawn of plaques, multiple plates are poured for the
purpose of screening the library. Depending on the type of library (cDNA vs
genomic vs cosmid), 300,000—1,000,000 plaques are typically screened. This
would require 620 (150-mm) plates, each of which can accommodate
20,000-50,000 individual plaques. Once the lawn is grown, phage DNA is
transferred from the plaques to nitrocellulose filters by simply blotting filters
to the surface of the top agarose. To prevent damage to the top agarose during
the lifting procedure, chill plates for at least 1 h at 4°C before attempting lifts.
After transfer, DNA fixed to the blots is denatured using basic solutions. Blots
are then neutralized, air-dried, and DNA is crosslinked to the matrix either by
exposure to UV light or by baking at 80°C.

1. Label two new filters (commercially precut to exactly fit 150-mm round dishes)
for each plate using a soft lead pencil. Hybond-C Extra filters from Amersham
are recommended. At room temperature, place a filter onto the top agarose of
precooled plates being careful that the filter fits exactly into the dish. This is
accomplished most easily by holding the round filter lightly on two opposite
edges, and letting the sagging center touch the center of the plate. Allow the
wetting action to attract the edges of the filter onto the plate. Be sure to handle
the filter with gloves to prevent smearing of oil and protein from your fingers.
Avoid trapping air bubbles under the filters, and do not attempt to lift and reset a
filter once it has touched the agarose. Air bubbles can sometimes be pushed out
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if trapped under filter. Mark the orientation by puncturing the filter and
the underlying agarose in three or more asymmetrical locations with an
18-gage needle. Mark the location of these puncture marks on the outside of the
plastic plate with a felt-tipped marker. Allow the filter to rest on the agarose for
1 min.

2. Using blunt forceps, carefully peel the filter away from the agarose, and immerse
it (plaque-side up) in a tray of denaturing solution. After 2 min, transfer filter to
a tray of neutralization solution.

3. Place the second numbered filter onto the same plate for 3 min. As before, mark
its orientation with respect to the dish by puncturing the filter and the underlying
agarose in the same three asymmetrical locations with a needle as the first plate
(you can see previous puncture marks under the filter).

4. Asin step 2, peel the filter away from the agarose, immerse the filter in denatur-
ing solution for 2 min, and transfer to neutralization solution. Filters may be
stored in the neutralization solution until all lifts are complete.

5. After lifts are complete, transfer the filters to 5X SSC for 1-2 min, and place on
Whatman 3MM paper to air-dry. Crosslink DNA to the filters using either a UV
crosslinker (plaque-side up) or by baking in an 80°C oven (place filters between
blotting paper) for 1-2 h. Filters should be stored dry at room temperature until
hybridization.

3.4.3. Hybridization

One of the challenges encountered when performing hybridization experi-
ments is the determination of the appropriate conditions to maximize and pre-
serve binding of a probe to its desired target sequence. In addition to blocking
nonspecific binding of the probe with fish sperm DNA (or some other appro-
priate blocking DNA), signal-to-noise is affected by the stringency of the
hybridization and wash conditions. In general, medium- to low-stringency con-
ditions are used during hybridization to ensure interaction of the probe with its
target. Mis-matched interactions that develop between the probe and related,
but nonhomologous sequences are eliminated by performing high-stringency
washes. Stringency, which is affected by salt and formamide concentration and
temperature, must be empirically tailored to fit each situation. Described below
is a protocol that has been used successfully for the identification of adrenergic
receptor clones using a 600-bp cDNA fragment as probe template.

1. Boil salmon sperm DNA (10 mg/mL stock solution, Boehringer Mannheim) and
any other blocking DNA for 10 min. During that time, wet the dried filters in 5X
SSC for at least 2 min. Place enough pre-warmed (55°C) hybridization solution
to cover the bottom of a plastic container that is large enough to allow the blots to
lie flat (Tupperware-like bowls with plastic lids are great). Prehybridization
solution is added to cover filters sufficiently and to allow motion of the filters
while shaking. Add salmon sperm DNA to a final concentration of 0.1 mg/mL.
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Place all of the filters (same container) in this prehybridization solution and incu-

bate at 55°C for >4 h on a rocker platform (platform in an oven works fine).

2. Prepare the probe using the commercially available Random Prime DNA Label-
ing Kit (Boehringer Mannheim). The steps listed below are optimized for the use
of this kit.

a. Denature 25 ng template DNA by boiling for 10 min.

b. After boiling, place DNA on ice and add 3 uL of dATP + dGTP + dTTP
mixture, 2 UL of reaction mixture, 1 pL. Klenow enzyme (included with the
kit), and 5 uL [0-3?P]-dCTP (6000 Ci/mmol, New England Nuclear). Incu-
bate at 37°C for 30 min.

c. During incubation of the labeling reaction, prepare spin columns (Subhead-
ing 3.3.4., step 2) to separate probe from unincorporated [*?P]-dCTP.

d. When the labeling reaction is complete, add 100 puL of 0.5 M EDTA, pH 8.0,
to reaction mix, and load entire volume onto the top of the spin column. Cen-
trifuge at 3000 g for 2 min. The probe will be located in the eluate. Measure
the specific activity by diluting 2 UL of the probe stock into 18 mL scintilla-
tion fluid and counting in a scintillation counter.

3. When prehybridization is complete, boil probe for 10 min (see Note 15), and
add probe to the prehybridization mixture to achieve a final concentration of
1 x 10° cpm/mL. Hybridize overnight (>12 h) at 55°C with gentle rocking.

4. When hybridization is complete, recover and retain the hybridization solution.
Wash filters at 55°C with gentle rocking using the protocol listed below (see
Note 16). Between each wash, check filters with a survey meter; terminate washes
when radioactivity detected from the filters drops to between 1000 and 2000 cpm.
You can process many filters at one time.

5X SSC + 0.1% SDS for 10 min.

2X SSC + 0.1% SDS for 10 min.

1X SSC + 0.1% SDS for 10 min.

0.5X SSC + 0.1% SDS for 10 min.

0.1X SSC + 0.1% SDS for 10 min.

. If necessary, 0.01X SSC + 1% SDS for 10 min (or longer).

5. Mount filters on a piece of old exposed X-ray film that is covered with Saran
wrap, cover mounted filters with plastic wrap, and expose to X-ray film using an
intensifying screen (see Note 17). If necessary, mark the filters with radioactive
or phosphorescent ink to assist in alignment of the film with individual filters
following exposure. You can place about 6 filters/film, usually three sets of
duplicates. Try to align the duplicate filters in the same orientation on the back-
ing to make identification of positives easier.

-0 a0 T

3.4.4. Purification of Positives

After transferring the location of the filter punctures onto the developed au-
toradiographs with a felt-tipped pen, the actual corresponding plates can be
correctly oriented directly over the film. When positioned correctly, positive
spots on the autoradiograph correspond to individual positive plaques directly
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above in the plate. The process of identifying positive plaques is easier if the
film and aligned plate are viewed over a light box. Since two filters were lifted
from each plate, truly positive plaques will be represented on both filters.

Positive plaques are recovered from the plate by excising an agarose plug
over the aligned positive, with the use of the large end of a glass Pasteur pipet
or the large end of a 1-ml or 200-uL pipet tip. The plug is blown out by mouth
into a microfuge tube containing 1 mL of TM buffer. Phage are eluted from
recovered plugs by incubation for >2 h in TM buffer. Eluted phage is titered,
replated, and a second round of screening is initiated for subsequent plaque
purification. A titer should be chosen that permits a lower plaque density than
the initial screen. If positives are not recovered, you may have missed picking
the correct plaque. Lifts are probed using the recovered hybridization solution
saved in step Subheading 3.4.3., step 4 above. Usually there is no need to
reprehybridized the filters. Just place the dried lifts directly in the used hybrid-
ization after reheating (see Note 15). After the secondary screen is complete,
two additional rounds of plaque purification are performed until all plaques on
the lift become positive. Once a phage has been purified to homogeneity from
a single plaque, it can be amplified for large-scale preparation of A DNA.

3.5. Analysis of Library Positives

After identifying positive plaques and eluting phage from single recovered
plugs, large-scale preparation of phage can proceed to provide DNA for further
analysis. There are two common methods used to amplify phage stock for large-
scale preps: (1) the lysis of a log-phase bacterial suspension (liquid lysis), and
(2) the lysis of bacteria poured as an overlay onto an agarose plate (plate lysis).
Because liquid lysis provides a lower yield and because achieving complete
lysis of a log-phase suspension of bacteria is typically difficult, the less techni-
cal plate lysis method is described below. In short, plate lysis involves mixing
phage recovered from a single plaque with bacterial cells and top agarose. This
mixture is poured onto an agarose plate to create a barely subconfluent distri-
bution of plaques from which DNA can be harvested.

3.5.1. Large-Scale Preparation of A DNA

1. Determine dilution of purified phage stock needed to obtain >90% lysis (but under
100%) of the plating cells according to Subheading 3.4.1. This dilution will be
used for the large-scale preparation of phage.

2. Using the dilution identified to be optimal for producing complete plate lysis,
infect fresh, plating cells and pour overlays onto two (or more if desired) NZCYM
plates for each purified phage clone.

3. After lysis is complete, carefully scrape the overlay from each plate into a 50-mL
conical tube (2 plates/tube), and add sufficient TM buffer to adjust the final
volume to 30 mL.
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4. Lyse remaining bacteria by adding 200 pL chloroform to each tube. Mix well by
inversion, and incubate on ice for 1 h.

5. Centrifuge at 1000g for 10 min to pellet agarose and cell debris. Transfer the super-
natants to fresh tubes. Add 1/2 vol of resuspended DE 52 resin and incubate at room
temperature with mild shaking for 5—10 min (see Note 19). Centrifuge at 1000g
for 10 min to pellet resin. Transfer supernatant to a 40-mL Sorvall centrifuge tube.

6. Precipitate phage by adding an equal volume of ice-cold 20% PEG/2 M NacCl.
Mix well by inversion, and incubate on ice for 1 h.

7. Centrifuge at 14,000g for 30 min to pellet phage. Discard supernatant, and invert
tubes to drain for 10 min. Wipe excess PEG/NaCl solution out of the tubes using
a cotton-tipped swab. Resuspend pellets in 200-400 uL. TM buffer. Transfer
resuspended phage to microfuge tubes.

8. Break open phage by adding 1/2 vol phenol and 1/2 vol chloroform. Mix well by
inversion and centrifuge at maximum speed (2 min) in a tabletop microfuge.
Retain top phase. Repeat extraction procedure until white interface is no longer
visible between the phases. Perform a final extraction with 1 vol of chloroform to
remove all phenol.

9. Add sodium acetate to 0.3 M final concentration, and precipitate DNA by adding
2.5 vol of ice-cold 100% ethanol (ETOH). Gently invert tubes until white cotton-
like precipitate forms. Immediately centrifuge at maximum speed in a microfuge
for 10 s, and carefully remove and discard supernatant. Centrifuge again for
3 min to form a tight pellet, and remove remaining liquid. Wash pellet once with
70% ETOH, and allow pellets to air-dry for 30 min with tubes uncapped.

10. Add 100-300 pL of TE buffer to each pellet, and allow pellet to dissolve into
solution overnight. Mix gently. Add more volume if necessary. Do not attempt to
rush resuspension of the pellets by any mechanical means (e.g., vortexing,
pipeting). High-mol-wt phage DNA will shear easily, and future cloning steps
will be compromised.

11. If necessary, RNase-digest phage DNA to remove any extraneous RNA. Perform
a second phenol/chloroform extraction and ETOH precipitation to recover puri-
fied DNA. As a measure of the quality of the phage DNA, a 1% agarose gel can
be used to analyze the DNA. Intact phage DNA will electrophorese as a single,
but fuzzy band at around 45 kb near the beginning of the DNA markers. There
should be little or no smearing present in the lane; smearing may represent bacte-
rial DNA contamination or degraded phage DNA.

3.5.2. Subcloning of Insert

The insert contained in the phage DNA needs to be sequenced to verify and
identify the positive clone. Optional techniques include direct PCR cycle
sequencing of the phage DNA itself or subjecting the insert DNA to PCR using
primers from the two flanking phage arms (these can be purchased) and then
subcloning the fragment into an appropriate vector. PCR can lead to mutations,
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and eventually the insert must be directly sequenced. Therefore, we recom-
mend releasing the insert from the phage by restriction digestion and
subcloning into a general vector for sequencing, such as pBluescript.

3.5.2.1. ResTtricTION DigesTioN oF PHAGE DNA

1.

Set up the digestion reaction according to the restriction enzyme needed (usually
EcoRlI, see library specification sheets) to release the insert: 20 puL of the phage
DNA in TE, 2.5 uL of the 10X digestion buffer (supplied by manufacturer of the
enzyme) and 2.5 uL of the restriction enzyme (EcoRI). Incubate at 37°C (or
required temperature) overnight in a heat block (16—18 h).

Electrophorese digested fragment in a 1% agarose gel. Weigh out 1.0 g of agar-
ose (low EEO) and place into 100 mL of 1X TAE buffer. Microwave or heat
sample until all of the gel fragments have solubilized. Add 5 pL of an ethidium
bromide solution (10 mg/mL in water) for visualization of the DNA, mix, and
pour into a casting tray with comb. Allow gel to solidify for about 1 h, and then
remove comb. Place hardened gel in running chamber and barely cover with 1X
TAE. Add loading buffer to each sample. Electrophorese each digestion sample
with additional mol-wt marker.

Electrophorese gel at an amperage that will not overheat the gel. Conduct elec-
trophoresis until the bromophenol blue in the loading buffer has migrated to the
end of the gel. Localize DNA products by placing gel on a UV transilluminator,
and photograph gel with Polaroid camera for documentation. Phage arms will
usually be at about 11 and 9 kb, depending on the phage type. The insert will be
lower in molecular weight, generally from 500 bp to 4 kb. If the insert contained
an internal restriction site, there will be multiple DNA fragments. If the insert is
larger than 500 bp, you can isolate the DNA insert by gel extraction using a
Geneclean (BIO101) or similar product following the manufacturer’s specifica-
tions. Resuspend recovered DNA insert in 20 uL of TE buffer.

3.5.2.2. PREPARATION OF VECTOR FOR SUBCLONING

1.

Using 10 pg of vector stock, such as pBluescript, add 2.5 UL of the 10X digestion
buffer (supplied by manufacturer of the enzyme) and 2.5 puL of the restriction
enzyme (EcoRI). Incubate at 37°C (or required temperature) for 2 h.

Purify cut vector DNA by the Geneclean kit or alternatively by phenol/chloro-
form extraction as above (Subheading 3.2.1., step 7) followed by precipitation
of the DNA (Subheading 3.2.1., step 8). Resuspend DNA in TE.

To the entire EcoRI-cut vector preparation, add 2.5 UL of calf intestine phos-
phatase (CIP) 10X buffer (supplied by manufacturer) and 2.5 pL of the enzyme
CIP, and sterile water to 25 uL final volume. Incubate at 37°C for 2—4 h (see
Note 20).

Purify the EcoRI/CIP-treated vector as in step 2. Resuspend the DNA in 30 uL of
TE. This is your cut-vector stock.



108 Perez and Zuscik

3.5.2.3. LicATION REACTION

For information regarding ligation theory, see the Maniatis cloning manual
(3). The basic recipe is to use vector and insert DNA at a molar (not pLg) ratio of
1:3. Therefore, there are more moles of the insert than vector, allowing a higher
efficiency of ligation. You usually start with 0.1 pmol of vector or approx
0.2 ug of the EcoRI/CIP-treated pBluescript, but this is usually established
empirically depending on the efficiency of vector digestion and CIP dephos-
phorylation (see Note 21).

3.5.2.3.1. Ligation of PCR Fragments into pBluescript

1. Establish a ligation reaction for each isolated DNA insert band. In addition, con-
duct a control reaction that contains everything except insert DNA to determine
the background colonies after transformation.

2. To 1 pL of cut-vector stock (or amount that provides minimal background; see
Note 21), add 5-10 uL of EcoRI-digested DNA insert (to approximate 1 :3 molar
ratio) (see Note 22), 2 uL. of 10X ligation buffer (supplied with enzyme), 2 LL of
T, DNA ligase, and sterile water to 20 uL final volume.

3. Mix and incubate overnight at 14°C (obtained by placing a water bath in a cold
room) (see Note 23).

3.5.2.4. TRANSFORMATION INTO BACTERIA

1. For simplicity, you can purchase premade competent cells from Gibco-BRL. We
recommend the DHS5a strain. For each ligation, use 100 UL of competent cells.
Thaw a vial on ice, and then aliquot 100 pL into prechilled 15-mL sterile polypro-
pylene centrifuge tubes on ice for each separate ligation reaction. Retain cap to
maintain sterility.

2. Add no more than 10 puL of the ligation mixture to the centrifuge tubes. To use
the entire mixture, perform multiple transformations for each ligation mixture.
Mix slowly by moving the pipet tip back and forth. Do not vortex or triturate.
Incubate on ice for 30 min (see Note 24).

3. Heat-shock the transformation mixture by placing in a 42°C water bath for 1 min
(timed). Do not use a heat block, since heat transfer is compromised. Return
tubes to ice for another 2 min.

4. Add?2 mL of sterile NZCYM media (no antibiotic). Incubate with shaking for 1 h
at 37°C to allow the cells to develop antibiotic resistance.

5. Concentrate cells by centrifuging tubes for 10 min at top speed in a table top
centrifuge. Pipet and discard most of the supernatant except for 200 uL. Resus-
pend the cell pellet in the 200 UL media, and plate and spread on 100-mm ampi-
cillin plates until moisture is absorbed. Invert plates and place in 37°C incubator
overnight (see Note 25 if using pBluescript).

6. Colonies should be apparent and greater in number than control plates (2-3x). If
using the blue/white selection, recombinants will appear pure white. If not using
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pBluescript or other vector that discriminates recombinants, the plasmids should
be screened for insertion of DNA by restriction digestion before sequencing.

3.5.3. Sequencing
3.5.3.1. Prasmib Preps For DouBLE-STRANDED DNA SEQUENCING

1.

10.

Pick individual colonies with a sterile toothpick. Touch the toothpick onto an
NZCYM agarose master plate (gridded and labeled for cataloging of numerous
colonies), and drop the toothpick into a culture tube containing 2.5 mL sterile
NZCYM. The NZCYM should contain 100 mg/mL ampicillin.

Shake tubes vigorously in a 37°C incubator overnight. Also, incubate the master
plate in a 37°C incubator overnight.

The next morning, centrifuge culture tubes at 2000g for 10 min to pellet bacteria.
Also, store the master plate at 4°C for later reference.

Aspirate medium, and resuspend bacterial cell pellets in 100 UL of solution 1. If
you wish, transfer resuspended pellets to 1.5-mL Eppendorf tubes.

Incubate at room temperature for 5 min, and then add 200 uL solution 2. Mix by
inversion—do not vortex.

Incubate on ice for 5 min, and then add 300 UL of ice-cold solution 3. Vortex
gently for 10 s.

Incubate on ice for 5 min, and centrifuge for 5 min at maximum speed in a
microfuge. Transfer supernatants to fresh Eppendorf tubes.
Phenol/chloroform-extract by adding 100 UL each of equilibrated phenol and
chloroform. Vortex samples to mix completely, and centrifuge for 3 min at maxi-
mum speed in a microfuge. Transfer aqueous phase (upper phase) to fresh tubes.
Add 2 vol of 100% ETOH (equilibrated to room temperature) to recovered aque-
ous phase, vortex, incubate at room temperature for 10 min, and centrifuge at
maximum speed for 10 min in a microfuge.

Decant supernatants, and wash pellets with 70% ETOH (200 uL). Drain all fluid
from tubes, and air-dry DNA pellets for 15-30 min at room temperature. Resus-
pend pellets in 40 uLL TE buffer.

DNA prepared using this alkaline lysis method is of sufficient quality for

restriction analysis. However, for use in sequencing reactions, it is suggested
that the DNA be further purified. Two common methods used for further puri-
fication are outlined below.

1.
2.

1.

3.5.3.1.1. RNase A Method

Add 1 pL of RNase A (10 mg/mL stock) to each sample. Incubate at 37°C for 30 min.
Repeat steps 8-10 of Subheading 3.5.3.1. to obtain DNA.

3.5.3.1.2. PEG Method

Add 50 pL of an ice-cold solution of 20% polyethylene glycol (PEG) + 2 M
NaCl. Incubate on ice for 1 h or at 4°C overnight.
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2. Centrifuge at maximum speed for 15 min in a microfuge. Decant.

3. Wash pellets with 70% ETOH (200 uL). Prior to washing, pellets may not be
visible; the 70% ETOH wash may cause pellets to become visible.

4. Centrifuge at maximum speed in a microfuge for 10 min. Drain all fluid, let air-
dry, and resuspend in 35 uLL TE.

3.5.3.2. THE SEQUENCING REACTION

The sequencing reaction may be conducted using any one of a number of
commercially available kits, but the protocol described below is optimized for
the Sequenase version 2.0 DNA sequencing kit (Amersham). This kit, which
employs the chain-termination method, includes a detailed instruction manual
and a valuable troubleshooting guide. Use about 1-2 pug of the DNA for
sequencing. The yield from a simple miniprep is sufficient for two sequencing
reactions. Calculate the concentration of DNA before conducting the reaction
(see Note 22).

1. Denature double-stranded template DNA. To 15-uL aliquots (1-2 ug) of stock
plasmid DNA (prepared above), add 2 uL. of 4 mM EDTA (pH 8.0) and 4 uL of
fresh 1 N NaOH. Incubate at room temperature for 10 min. Place a 2-uL drop of
2 M ammonium acetate on the wall of each tube, and wash with 100 puL ice-cold
100% ETOH. Mix by inversion and incubate in a —20°C freezer for 10 min. Cen-
trifuge tubes at maximum speed for 10 min in a microfuge, and dry pellet in a
Speed-Vac for 10 min.

2. Anneal primer to single-stranded template DNA (if using pBluescript, use T7 or
T3 primer). To the single-stranded DNA samples prepared in step 1 above, add a
cocktail containing 7 pL sterile H,O, 2 uL of the 5X reaction buffer supplied
with the kit, and 1 pL of a I pmol/uL stock of primer. Anneal primer to template
by heating to 37°C for 10 min.

3. Elongation reaction: Label four tubes per clone and/or per primer with A, C, T, or
G (termination tubes). Deposit 3.5 UL of stock dideoxy (dd) ATP, ddCTP, ddTTP,
and ddGTP into appropriate tubes. Dideoxy nucleotide stock solutions are sup-
plied with the kit. To annealed DNA, add a cocktail containing 1 uL of 0.1 M
DTT, 2 uL of diluted labeling mix (supplied with kit), and 0.5 uL [**S]deoxy
ATP (1 pCi/uL, Amersham). Dilute polymerase 1:8 in polymerase dilution buffer
(both supplied with kit), and add 2 pL of diluted enzyme to reaction mixture.
Incubate at room temperature for 2 min, and immediately transfer 3.5 uL of reac-
tion mixture to each termination tube. Incubate at room temperature for 10 min,
add 4 pL stop solution, and store in a —20°C freezer until needed.

3.5.3.3. PREPARATION AND ELECTROPHORESIS OF SEQUENCING GEL

A number of sequencing apparatuses are commercially available. The
method described below for pouring and conducting electrophoresis of a
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sequencing gel is optimized for the Bio-Rad Sequi-Gen sequencing apparatus,
which includes a detailed set of instructions.

1. Assembly of gel: Thoroughly wash plates with glass cleaner and then with 100%
ETOH. To ease removal of the outside plate electrophoresis, coat the gel-facing
side of this plate with a solution of 2% silane (in chloroform) (toxic; wear
gloves). Assemble the gel plate sandwich, and pour a plug consisting of 50 mL of
a 6% sequencing gel stock solution (acrylamide/urea solution), 200 UL of a 20%
ammonium persulfate stock solution, and 200 uL. TEMED. Set the bottom edge
of the assembled plates into the plug, and allow to polymerize for 45-60 min.
Next, pour the gel solution, which consists of 100 mL of a 6% sequencing gel
stock solution, 100 UL of a 20% ammonium persulfate stock solution (in H,0),
and 40 uL TEMED. Set comb to make wells, and allow gel to polymerize > 2 h
(preferably overnight).

2. Loading and electrophoresis of gel: Assemble gel to running chamber and add
1X TBE buffer. Preheat gel to 50°C (temperature of the glass plate) by applying
a current of 100 mA for about 30 min. Gel electrophoresis at high temperature
(>60°C) may crack glass. Bio-Rad sells glass-attachable temperature gauges for
sequencing. Heat sequencing reaction samples to 100°C for 3 min to ensure DNA
is denatured, and then immediately place the samples on ice. Set comb. Wash
(blow) out lanes just before loading since urea leaks out and disturbs uniform
loading. Load 4-7 uL/well. Conduct electrophoresis at a constant current of
75 mA (or to maintain 50°C temperature) for desired length of time based on
primer used.

3. Autoradiography: After electrophoresis is complete, disassemble gel plates by
removing the outside plate. Gently rinse gel, which is still adhered to the inner
gel plate, with 2 L of gel wash solution (10% MeOH, 10% HOAc) to remove
urea. Rinse one more time with 1 L H,O. Transfer (peel) gel to thick chromatog-
raphy paper, and cover the exposed side of the blotted gel with plastic wrap. Trim
edges to fit and dry in a gel dryer for 1 h. Remove plastic wrap, and apply to
X-ray film ensuring that the dried gel is touching the film. Expose the film for
1-3d.

4. Analyze sequence by computer programs and blast searches as outlined in Sub-
heading 3.6. in Chapter 4 of this volume.

4. Notes

1. Which library to use is determined by the tissue distribution of the receptor clone
in question. After probe isolation of a putative receptor subtype, conduct North-
ern analysis, RNase protection assay, or reverse transcriptase-polymerase chain
reaction (RT-PCR) to determine tissue expressing the highest amount of target
RNA. A cDNA library is then purchased or prepared from this corresponding
tissue to increase the likelihood of isolating the entire coding region. cDNA
libraries are a first choice, since they will express only the coding region, and the
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inserts are generally small (1-2 kb) to allow faster subcloning and sequencing.
Genomic libraries also contain introns possessed by some adrenergic receptor
genes (2) and reported to be as large as 20 kb. This would increase the complex-
ity of isolating a full-length clone. In addition, the typical size of an insert (15 kb)
makes subcloning and analysis of the phage more difficult and time-consuming.

2. Southern blot analysis is recommended, since PCR can lead to false positives
owing to contamination of template and primers with the probe or other receptor
cDNA-containing plasmids. Minor contamination of PCR products or other plas-
mids used in the lab typically arise in the pipeters, buffers and other stock bottles,
or equipment, and this is the major cause of false positives. If your laboratory
does not possess other plasmids containing receptor cDNAs, the PCR method
will be suitable.

3. Plating cells are specific for the type of library. Agt10 Libraries can only be
screened via DNA probes and are plated on C600hfl cells (high frequency of
lysogeny). This cell line allows only recombinant phage, which contains an
insert to be expressed and form a plaque. Agtl1 Libraries can be screened via
DNA or by antibodies, and are plated on Y1090 cells. Other cDNA libraries (such
as AZAP) are variations of these two types of libraries. When libraries are pur-
chased, the appropriate cell line with instructions for stock plating are provided
(i.e., C600hfl are plated on tetracycline plates). In general, if one does not have a
high-titer, specific antibody for the receptor in question, it is advantageous to
screen a Agt10 library, since the plaques are larger and it is easier to obtain more
intense signals. The culturing of plating cells is always performed in antibiotic-
free media (even though the stock plates have an antibiotic) with maltose and
high magnesium (NZCYM contains high magnesium). Maltose is required to
induce expression of cell-surface receptors for phage absorption. This interaction
is magnesium-dependent. If either of these two reagents are limiting, there will
be no cell lysis or plaque formation, a common mistake occurring in phage
manipulation.

4. PEG (8000-10,000 mol wt) is used with the high salt to precipitate the large
phage heads. One hour on ice is usually sufficient time, but longer incubations can
sometimes increase yields. If no pellet is observed following centrifugation, the
procedure can be stopped. A common cause of low phage yields is incorrect MOI,
which is empirically determined for each type of library. See Subheading 3.3.1.

5. Premade equilibrated phenol can be purchased from Amersham. Alternately,
solid phenol is bought, melted in a water bath at 60°C, and 1 M Tris base is
added, mixed, and then settled. Repeat adding the Tris until a phase separation is
achieved. The phenol will soak up the water and increase its volume until satu-
rated at which the phase separation will appear. The lower phase is the equili-
brated phenol. Test a small aliquot with pH paper. It should be >pH 8.0. If not,
add more 1 M Tris base until this pH is achieved. Store in refrigerator with the
Tris base still on top. Do not use old phenol, which has acquired a color. If pH is
lower than 8.0, use of phenol may not give phase separation after mixing and
centrifuging.
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6.

10.

11.

12.

cDNA inserts will be subcloned into different sites in the phage vector DNA for
specific libraries. See library information sheets to determine which restriction
enzyme is required to release insert DNA. Many cDNA libraries use EcoRI. Set
up the digestion reaction composed of DNA, buffer, and enzyme in a minimum
volume (=15 pL). To prevent nonspecific digestion, do not add restriction enzyme
with volume that exceeds one-tenth of the entire reaction volume.

If the control tube yields a PCR product (any size), you have a contamination
problem, and it is best to stop here and determine the source of the contaminant.
Likely suspects are the pipets, water supply, buffers, hands, aerosols, or primers.
The problem is particularly pertinent if you have pieces of cDNA from other
receptors in the lab. It is best to start over and make fresh buffers, water solu-
tions, change pipets to ones not used in PCR or in handling the cDNAs, or con-
duct the PCR setup in another lab.

You can experiment with different types of Taq polymerase, but since this is for
identification purposes only, any type will suffice. Some of the other polymerases
have a lower error rate in incorporation as well as higher stability, but have a
slower polymerization rate. The first PCR condition consists of a longer initial
denaturing step, because the DNA template is large. The longer extension time
for one cycle allows a greater amount of first strand to be synthesized, increasing
the likelihood of obtaining a product. Annealing temperature of 5—10°C below
the estimated T, of the primers is used.

If there is no product, the conditions and amounts of primers and template need
to be adjusted empirically. You can increased the amount of DNA template and
also increase the amount of primers. If this is not successful, try adding 20%
glycerol or formamide to the PCR mixture. This will promote the dissociation of
the double-stranded DNA, which may be impaired owing to high GC content in
the gene of interest. Alternately, the DNA template can be restriction-digested
with 6-base cutters to reduce the sizes of the DNA template stock. If a smear is
obtained in the gel, the concentration of DNA, primers, or nucleotides may be too
great. Reduce these amounts, and also try increasing the annealing temperature
and reducing the time of elongation.

Centrifugation at high speeds (>2000g) might pellet the phage heads, resulting in
lower yields.

The minigel (3 x 3 in.) is sufficient to separate insert (500—3000 bp) from phage
arms (9-11 kb) and can be electrophoresed in approx 1 h. Larger gels can be
used, but require a longer electrophoresis time. Electrophoresis should be stopped
when the bottom of the gel contains fragments of >500 bp (xylene cyanol runs at
500 bp on a 4% polyacrylamide gel). The labeled probe fragments, which range
from probe size and smaller (average size 200—500 bp) will be detected on auto-
radiography and provide a strong signal. It is best to electrophorese the probe off
the gel, because it would ablate other signals. The use of a nondenaturing gel is
critical. Denaturing gels would separate the annealed labeled probe from the
cDNA insert, resulting in no detectable signal.

A kinase reaction exchanges the phosphate at the 5" end of DNA, and uses the
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enzyme T, kinase and y3?P-ATP. This is a different reaction than the random
primed labeling of the probe DNA which uses a DNA polymerase and
03?P-dCTP and incorporates a label several times in the sequence. The DNA
ladder cannot be labeled by the random primed method because a statistical array
of probe sizes are generated from the random priming. The end-labeling reaction
with T, kinase preserves the correct molecular weight of the fragments.

13. Only cDNA inserts that hybridize with the probe will be apparent. If the probe
hybridizes nonspecifically to the phage arms (9—11 kb) and also generates a smear
in the insert size range, the temperature of the solution-phase hybridization should
be increased to increase specificity. Also, the amount of digested A DNA can be
decreased if it appears to be overloaded and generate intense signal. Alternately,
the salt concentration (XSSC) in the hybridization can be decreased to increase
specificity. If this is not successful, and changing hybridization conditions does
not alter specificity, the probe may not be of adequate length or specificity, or
may be contaminated with other DNA fragments. However, if specific bands are
achieved in the insert size range along with the background signal from the phage
arms, one should not be concerned. It is common for probes to interact
nonspecifically with large-sized DNA owing to the large hydrophobic contacts.
It may also be owing to incomplete digestion of the phage DNA with the restric-
tion enzyme.

14. Discrete, but dense plaques are critical for successful screening. A large number
of plaques is required to achieve a high probability of isolating the correct clone.
However, if the plaque number is too high on a single plate, the decreased plaque
size limits signal intensity. If the plate appears to form no plaques, too much
phage was added, lysing all of the bacteria. Alternately, the magnesium concen-
tration may be too low, especially if NZCYM medium is not used. The top agar-
ose may also be too hot, which will kill the plating cells, preventing plaque
formation.

15. Boiling of the probe is required to redenature the double-stranded DNA, which
reanneals on cooling. Hybridization probe can be reused for up to 1 wk. Each
time, reheat the hybridization mixture in a microwave or heat plate to redenature
the probe (at least to 90°C) and cool to hybridization temperature before adding
filters.

16. One easy way to wash filters is to use metal bowls obtained from a kitchen store.
The metal bowls are placed on top of a heating plate (use a stirring bar) and
monitored closely until the temperature is maintained. Another option is to do the
washes in a water bath in a plastic container, but care must be taken to monitor
the temperature, since heat transfer is inefficient.

17. The filters should never be allowed to dry, since the probe will adhere irrevers-
ibly. If the filters are still moist, they can be rewashed or stripped for reuse. To
remove excess liquid, merely blot the filters quickly with Whatman paper, and
then quickly add to the old film backing and cover with plastic.

18. An under- or overlysed lawn will not provide sufficient phage DNA for
future cloning purposes. Overlysis of the cells occurs before several cycles of
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19.

20.

21.

22.

23.

24.

infection—lysis—reinfection (amplification) can happen, leading to a very low
yield. An underlysed lawn does not produce enough phage. The best dilution of
phage will yield a plate of subconfluent, but clearly visible plaques. It should be
noted that it is easy to fall prey to generation of an overlysed lawn, which will
look deceptively similar to a nonlysed lawn; in the former case, all of the bacte-
rial cells have been depleted.

The DE 52 resin is polycationic and will bind to the negatively charged bacterial
DNA released following cell lysis. The phage DNA is still contained in its pro-
tein head and, therefore, will not bind. Elimination or incompletion of this step
will result in phage DNA that is mixed with degraded bacterial DNA, resulting in
a smear when analyzed on an agarose gel.

Phosphatase treatment of the 5" ends of the restriction-cut vector removes the
phosphates that are needed for the vector to religate on itself. Therefore, remov-
ing the phosphates prevents self-ligation, which promotes recombination with
inserts and gives little background of noninserted plasmids in the transformation
and resulting colonies. It is not recommended to remove this step in the
subcloning.

Take 1, 3, and 5 UL of the EcoRI/CIP-treated vector stock and transform into
bacteria according to Subheading 3.5.2.4. Use the same aliquot in the ligation
reaction that gives you some colonies, but under 10 colonies as background. If
there are too many colonies, 30 or more with the lowest aliquot, your restriction
digest and/or CIP treatment was inefficient, and it is best to restart the prepara-
tion and digest/dephosphorylate with longer incubation times. If no colonies were
obtained, the DNA was probably lost in the manipulations. The cutting/dephos-
phorylation process is never complete to generate no colonies as background.
Supercoiled DNA (uncut vector) transforms with 100x greater efficiency than
linearized or circularized DNA. Once a suitable vector stock is prepared, isolate
DNA fragment to achieve a sufficient stock for ligation at a 1:3 molar ratio.
Calculation of moles of either plasmid or insert is achieved by measuring the
0OD260yy of the sample and using the conversion 1 OD = 50 ug double-stranded
DNA and 660 g/mol = 1 bp of DNA, or by approximating the concentration
from the DNA markers (with established concentrations) electrophoresed in
agarose gels.

The temperature of ligation is a trade-off between allowing a sufficiently low
temperature to promote a 4-base overhang to anneal, but not too low to inhibit
fully the reaction rate of the ligase whose optimum temperature is 37°C. The
ligation can be performed at room temperature for 4 h, followed by the transfor-
mation. However, higher ligation efficiency can be achieved with the overnight
incubation at 14°C.

The ligation mixture contains proteins, buffers, and other components that can
inhibit transformation. Therefore, do not add the ligation mixture at more than
1/10 the volume of the competent cells, but separate the reaction into two aliquots
if needed. The 30-min incubation is a minimum. Longer incubations (hours) can
increase efficiency.
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25. Another advantage of using pBluescript is blue/white selection. Recombinants
disrupt the B-galactosidase gene in the vector, which negates production of the
enzyme and its ability to cleave a substrate (turning blue). Therefore, if the inserts
were incorporated, the colonies after transformation turn white. This selection
reduces the amount of subsequent work needed to identify recombinants. To
achieve this selection, add 50 uL of a 2% X-Gal (5-bromo-4-chloro-3-indolyl-
B-p-galactoside; Amersham) solution in dimethylformamide and 50 puL of a
0.1 M isopropyl-p-p-thiogalactopyranoside (IPTG) (Amersham) solution in wa-
ter and spread on the ampicillin plates before the cells are added. The next day, if
blue (wild-type) colonies are not seen among the white colonies, incubate the
plate for an additional day in the refrigerator to bring out the blue color.
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Genetic Polymorphisms of Adrenergic Receptors

lan P. Hall, Amanda P. Wheatley, and Jane C. Dewar

1. Introduction

Single nucleotide polymorphisms exist at a high frequency in the human
genome. Estimates of variability suggest that up to 1 in 1000 bp within coding
regions of the genome are polymorphic, and the frequency of polymorphism
within noncoding regions is even higher at about 1 in 500. Because of redun-
dancy in amino acid coding, not all single-base substitutions result in an altered
amino acid sequence within a gene. However, even degenerate polymorphisms
can potentially alter transcriptional or translational activity. Polymorphisms
within promoter or enhancer regions can interfere with transcription factor
binding sites and, therefore, can also alter transcriptional activity.

Both the [3,- and ;-adrenergic receptors (B,-AR and ;-AR) are known to
be polymorphic, and disease-related associations have been described for poly-
morphisms in both receptors. Therefore, the arginine-glycine 16 (Arg-Gly 16)
variant of the 3,-AR has been associated with nocturnal falls in FEV, (forced
expiratory volume in 1 s) in asthmatic subjects and with bronchodilator
subsensitivity (I-4). The glutamine-glutamate 27 (Gln-Glu 27) 3,-AR poly-
morphism was shown to be associated with reduced IgE levels in one study of
asthmatic families (5), although in random populations this effect was not
observed (6). Both these polymorphisms have functional effects. The glycine
16 variant produces increased receptor downregulation following agonist
stimulation in both transformed and nontransformed cell systems, whereas the
glutamate 27 variant reduces agonist-induced receptor downregulation (7,8).
Two other rarer ,-AR variants have been identified at codon 34 (valine-
methionine) and at codon 164 (threonine-isoleucine) (1). Whereas the codon
34 polymorphism appears to be nonfunctional, the codon 164 polymorphism
alters both agonist binding and receptor sequestration following agonist expo-
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sure (9). This polymorphism is rare, and to date, no homozygous individuals
have been studied. Five other degenerate single-nucleotide polymorphisms
have been identified in the ,-AR coding region, although no functional prop-
erties have been ascribed to these polymorphisms (7).

Single-nucleotide polymorphisms within the B;-AR have also been identi-
fied. Disease associations with insulin resistance and obesity have been sug-
gested for the Trp Arg 64 polymorphism (10,11), although not all studies have
seen association. To date, no B;-AR polymorphisms have been described.

A number of methods have been identified that are able to genotype indi-
viduals for single-nucleotide polymorphisms, such as those described above.
We have used allele-specific oligonucleotide (ASO) hybridization, which pro-
vides a high throughput assay and reliable genotype assignation. However,
other methods, including restriction fragment-length polymorphism (RFLP)
analysis and allele-specific polymerase chain reaction (PCR) amplification, can
also reliably identify genotype. The reliability of each of these methods has not
been formally compared for the determination of B,-AR polymorphisms. How-
ever, in our hands, using direct sequencing as a gold standard, the error rate
using ASO hybridization is under 2%.

Finally, as would be expected with polymorphisms, which are in such close
approximation, there is linkage disequilibrium between the different 3,-AR
polymorphisms. Thus, the Gly 16 variant is associated with the Glu 27 variant
(Fig. 1). It is also worth noting that a previously ascribed RFLP, which pro-
duces a Ban 1 restriction site in the region of the 3,-AR locus, is owing to the
degenerate (C-A) residue 523 polymorphism within the 3,-AR coding region
(6). The allelic distribution of the relevant 3,-AR polymorphisms is shown in
Table 1.

2. Materials
2.1. Genomic DNA Extraction

Genomic DNA can be prepared from whole blood, cheek cells, or primary
cell cultures using standard methods (12). However, for large numbers of
samples, kit-based DNA resin systems provide adequate amounts of good-
quality DNA for genotype determination and provide a relatively rapid extrac-
tion method for multiple DNA. We use the Nucleon extraction system (Scot
Lab UK) or for small-scale DNA extraction Quiagen columns (Quiagen UK).

2.2. Allele-Specific Oligonucleotide (ASO) Hybridization
The equipment needed for ASO hybridization is listed below.

1. Thermocycler.
2. Dot-blot apparatus.
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Filter 1

WT
Sample 1 e o

Sample 2 e o

Sample 3

Filter 2

Mutant

Fig. 1. Representative ASO for single nucleotide polymorphism in B,-AR (e.g.,
Arg-Gly 16) (schematic). Each PCR aliquot from an individual DNA sample is
applied to duplicate wells using a dot-blot apparatus (see Subheading 3.). If a hybrid-
ization signal is seen on both filters, the individual is a heterozygote: if a signal is seen
on only one filter, the individual is a homozygote for the probe used on that filter
(sample 1, homozygote wild type, sample 3 homozygote mutant). The expected fre-
quency of homozygotes/heterozygotes can be estimated (assuming Hardy-Weinberg
equilibrium) as a crosscheck for genotype data in random samples.

3. Hybridization oven and chambers.
4. X-ray cassettes and developing facilities (assuming 3>P labeled probes are used).

2.3. Controls for Genotyping

It is advisable to use appropriate controls for all genotype determinations.
We keep a stock of DNA from individuals of known genotype determined both
by ASO hybridization and confirmed by direct sequencing as positive controls
for homozygotes and heterozygotes at each locus.

2.4. Stock Solutions

The following stock solutions are required for the relevant stages.
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Table 1
The Allelic Distribution of the Amino Acid 16, 27, 164, and 523 3,-AR
polymorphisms in a Random Population of 228 Individuals?

Wild-type
Location homozygote Heterozygote Mutant homozygote
Codon 16 15% 49% 36%
Codon 27 24% 52% 24%
Codon 164 97% 3% 0%
Base 523 (RFLP) 71% 26% 3%

“Adapted from ref. 6.

2.4.1. Polymerase Chain Reaction (PCR)

1. dNTPs (200 mM).

2. 10X PCR buffer: 100 mM Tris-HCL, pH 9.0, 500 mM KCI, 1% Triton X-100
(Promega).

3. MgCl, (use at 1.5 mM final concentration in reaction).

4. Genomic DNA (50 ng/uL in H,0O) (see Note 1).

2.4.2. Labeling of Oligonucleotide Probes

1. Oligonucleotide probes (0.05 nmol in 6 uL. H,O) (see Note 2).

2. Polynucleotide kinase (PNK) (Stratagene).

3. 10X PNK buffer: 500 mM Tris-HCI, pH 7.5, 70 mM MgCl,, 10 mM dithiothreitol
(DTT) (Stratagene).

4. [3?P]dATP (9.25 MBq, 10.0 mCi/mL, Amersham).

2.4.3. Buffer for ASO Filter Loading

1. 0.4 M NaCl, 4X SSC (see below for SSC components), 2 UL bromophenol blue,
2 uL. PCR product.
2. 2X SSC.

2.4.4. Hybridization

1. 5X SSPE (see Subheading 2.4.5., item 2 for SSPE components): 1% sodium
dodecyl sulfate (SDS).

2. 2X SSPE, 0.1 % SDS.

3. 5X SSPE, 0.1 % SDS.

2.4.5. Stock Buffers

1. 20X SSC: 175.3 g of NaCl, 88.2 g of sodium citrate. Make up to 1 L H,O and
pH to 7.0.

2. 20X SSPE: 175.3 g Na(Cl, 27.6 g NaH,PO, H,O, 7.4 g ethylenediamine tetra-
acetic acid (EDTA). Make up to 1 L H,O and pH 7.4.
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Table 2
Primers Used for PCR Amplification

Codon 16 and 27
Upstream CCC AGC CAG TGC GCT TAC CT
Downstream CCG TCT GCA GAC GCT CGA AC
Codon 164 and nucleic acid residue 523
Upstream CC AGC CAG TGC GCT TAC CT
Downstream GAC ATG GAA GCG GCC CTC AG

3. Methods
3.1. PCR Amplification

1. Four B,-AR polymorphisms at amino acid positions 16, 27, and 164 and nucleic
acid residue 523 have been analyzed using the technique of ASO, and the PCR
primers for each are shown in Table 2.

2. PCR amplification for codons 16 and 27:

Using PCR, generate a 234-bp fragment from the 5" end of the 3,-AR gene span-
ning the two polymorphisms of interest. Set up a 50-uL PCR reaction using:

50 ng of genomic DNA.

200 mM of each deoxynucleotide.

5 uL of 10X PCR buffer.

1.5 mM MgCl,.

2 UM of each primer.

X puL H,0 to make up the final volume.

Use 1 U of Taq polymerase/reaction.

3. Set up the PCR reaction (36 cycles) using the following conditions:

Melting temperature 94°C, 90 s.
Annealing temperature 60°C, 90 s.
Extension temperature 72°C, 90 s.
We use ‘hot-start” PCR to help reduce false priming. An initial period of 5 min at
94°C is used in the first cycle, followed by 1 min at 60°C, after which 1 U of Tag
polymerase is added to each reaction. At the very end of the reaction, a 10-minute
extension period at 72°C is employed.

4. PCR amplification for codon 164 and nucleic acid residue 523 polymorphisms:
The PCR reaction is set up as described above (using primers shown in Table 2),
but with the annealing temperature set at 64°C. Sufficient product for ASO can
be obtained with lower cycle numbers (we have used 30 successfully).

3.2. Allele-Specific Oligonucleotide Hybridization
3.2.1. Introduction

ASO hybridization is based on the use of ASOs for the detection of single-
point mutations. The oligonucleotides used are short segments of synthetic
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DNA (approx. 20 nucleotides in length), which are designed to be complemen-
tary to a region of DNA containing a specific polymorphism. A single-base
mismatch between an oligonucleotide probe and template DNA will substan-
tially decrease its annealing affinity, thus allowing discrimination between dif-
ferent alleles. ASO is a competitive assay in which amplified DNA products
are applied to duplicate filters (e.g., A and B) with a dot-blot apparatus. In
brief, filter A is incubated initially with unlabeled (“cold”) oligonucleotide
probe homologous to the wild-type form of receptor, and filter B with “cold”
(unlabeled) oligonucleotide probe homologous to the mutant form of receptor.
Each filter is then hybridized with “hot” (*?P-labeled) probes in the opposite
order, such that filter A is now exposed to the probe that is homologous to
the mutant form of receptor, and filter B to the probe that is homologous to the
wild-type form of receptor. The two filters are read in parallel: filter A thus
displays signal for mutant homozygotes, and heterozygotes, but filter B dis-
plays signal for wild-type homozygotes and heterozygotes. The heterozygote
signal is intermediate to the homozygote signal, and interpretation is aided by
the application of control samples with known genotypes to the filters. This
also verifies that filters have been appropriately labeled and probes added in
the correct order.

3.2.2. Preparation of Filters for ASO

1. For the preparation of two filters for each DNA sample to be genotyped, add 2 uLL
of PCR product to 400 uL of 0.4 M NaOH, 400 pL 4X SSC, and 20 pL of bro-
mophenol blue in a 1.5-mL microfuge tube.

2. Apply 200 uL of the sample to duplicate wells on two Hybond® N+ filters (see
Note 3), using a dot-blot apparatus (e.g., Hybri-Dot model, Bethesda Research
Labs).

3. For each filter, two pieces of blotting paper and one piece of Hybond® N+ mem-
brane need to be cut to size and soaked in 20 mL of 2X SSC.

4. These materials are then secured on the dot-blot filter block with the Hybond®
N+ membrane uppermost, suction applied via a manifold pump, and the sample
solution applied to each well. Apply suction until all of the solution has disap-
peared from each well (see Note 4).

5. The filters are then labeled and allowed to air-dry. Care must be taken to orient
the samples on the filter before hybridization (e.g., by cutting off one corner of
the filter). If both the codon 16 and 27 polymorphisms are to be studied, four
filters are required (two for each).

3.3. Labeling of Oligonucleotide Probes

1. The sequences for the ASO probes used are shown in Table 3. The position of
each polymorphism is underlined. We have generally used HPLC-purified oligo-
nucleotide probes, although this is probably not essential.
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Table 3

B>-AR ASO Hybridization Probes?

Amino acid Oligonucleotide probe sequence
Gln 27 CAC GCA GGA AAG GGA CGG AG
Glu 27 CAC GCA GCA AAGGGACGAG
Arg 16 GCA CCC AAT AGA AGCCATG
Gly 16 GCA CCC AAT GGA AGC CATG
Thr 164 CAGGCCTTACCTCCTTCTT
Ile 164 CAGGCCTTATCTCCTTCTT
523 Wild-type CAC TGG TAC CGG GCC ACCC
523 Mutant CAC TGG TAC AGG GCC ACCC

“The polymorphic nucleotide is underlined for each oligonucleotide.

2. Setup a labeling reaction with:
0.05 nmol of oligonucleotide probe in 6 UL of water.
1 uL 10X PNK buffer (Stratagene).
5 U PNK (Stratagene).
2 uL of [*?P] dATP (9.25 MBq, 10.0 mCi/mL, Amersham).
3. Incubate at 37°C for 1 h, and then heat for 5 min at 70°C to denature the PNK
enzyme.

3.4. Hybridization

1. To determine genotype, one filter is hybridized as appropriate with “cold” (unla-
beled) ASO probe homologous with the wild-type form of the receptor followed
by “ hot” (3?P-labeled) ASO probe homologous with the mutant form of the
receptor. The duplicate filter is treated in an identical fashion, but using probes in
the reverse order. We perform hybridization in a Biometra OV2 hybridization
oven. Filters are rolled in gauze (see Note 5) and placed in Biometra hybridiza-
tion chambers, such that the gauze is positioned to the edge of the chamber. Each
chamber is clearly labeled.

2. Initiate hybridization with cold (unlabeled) probe (10-fold excess for codon 16,
30-fold excess for codon 27) (see Note 6) in 20 mL of 5X SSPE, and 1% SDS
solution at 52°C for 60 min.

3. Conduct secondary hybridization with hot (labeled) probe in 20 mL of 5X SSPE
and 1% SDS solution at 52°C for 60 min.

4. Wash filters with 20 mL of 2X SSPE and 0.1% SDS solution, at room tempera-
ture for 30 min, and then repeat. Conduct final wash with 20 mL of 5X SSPE and
0.1% SDS solution at 52°C for 15 min.

3.5. Reading Filters

Expose probed filters to autoradiographic film with intensifying screens
overnight at —80°C. Filters are read in conjunction after correct control geno-
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type is confirmed. It is probable that genotype determination could be per-
formed with a similar degree of accuracy using nonradiolabeled probes (e.g.
chemiluminescent probes), although we have not investigated this possibility
(see Notes 7-9).

3.6. Conclusions

Using ASO hybridization, accurate genotype assignment for 3,-AR poly-
morphisms is relatively simple. The methods given above can be used for any
single nucleotide polymorphism provided that an adequate PCR fragment can
be generated spanning the region of interest and provided that the GC content
of the polymorphic region is not very high (this leads to poor discrimination
owing to less specific binding of the allele-specific probes). Although we have
used the above method for a range of other single-nucleotide polymorphisms
in other genes, it is sometimes necessary to alter the ratio of cold probe used or alter
the wash conditions for any new polymorphism to be studied. The above method
provides a reasonable initial protocol that may require further optimization.

4. Notes

1. In general, providing reasonable-quality genomic DNA is available, the ASO
method is reliable and the reproducibility of genotype determination (which we
have also assessed for other single-nucleotide polymorphisms in the interleukin
9 [IL-9] gene) is high (generally around 98%). Genomic DNA should be stored
frozen in aliquots at —80°C (for long term): —20°C is adequate for shorter periods
(<6 mo).

2. We generally use HPLC-purified probes, although this is not essential.

It is important to use the correct filters: Hybond® N+ provides the best results.

4. The position of each sample is visualized by the bromophenol blue in the loading
buffer. However, this will disappear with the wash stages, and therefore, it is
critical to label each filter for orientation.

5. Be careful to avoid direct contact between filters. Make sure the gauze separates
each filter.

6. Cold probe concentrations: Owing to differing probe annealing stringencies, for
the Arg-Gly 16 polymorphism, we use a 10-fold excess of cold probe in the ini-
tial part of the hybridization procedure, but use a 30-fold excess of cold probe for
the GIn-Glu 27 polymorphism.

7. Although it is not essential to conduct agarose-gel electrophoresis for each PCR
reaction (PCR amplification of the B,-AR generally being reliable), DNA samples
will occasionally not amplify owing to poor-quality template. If no signal is evi-
dent on the filter, conduct electrophoresis with 10 pL of the original PCR reac-
tion and other PCR reactions where the samples provided signals on the filters. If
no band is present on the agarose gel, the absence of a hybridization signal is
probably owing to poor-quality DNA or to an error in the PCR stage (e.g., failure
to add primer or Taq polymerase).

W
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Solution: Repeat PCR using same DNA. Conduct agarose-gel electrophore-
sis; if still no band is evident, then repeat DNA extraction.

Occasionally, it can be difficult to be certain whether an individual is homozy-
gous or heterozygous if there is some background (nonspecific) hybridization to
the filter.

Solution: Repeating the ASO stage using the original PCR reaction usually
clarifies the genotype. However, it is always desirable to sequence a random
selection of samples to ensure genotype assignment is correct. This has the addi-
tional advantage of avoiding problems resulting from mislabeling of probes.
Other methods: Many single-nucleotide polymorphisms introduce new restric-
tion sites or interrupt constitutive restriction enzyme recognition sites, and there-
fore, can be assessed by RFLP analysis. The base pair 523 (C-A) degenerate
polymorphism in the 3,-AR is an example of this phenomenon. Therefore, RFLP
analysis of PCR fragments can be used to assign genotype for single-nucleotide
polymorphisms. Although this is a widely used method, we have encountered
problems in reproducibility resulting from the difficulty in distinguishing between
heterozygote individuals and incomplete digests of known homozygotes on aga-
rose gels. Some groups have used allele-specific PCR to assign genotype. In
experienced hands, this provides reliable genotype assignment, but probably has
a lower specificity in inexperienced hands than ASO hybridization. Regardless
of which method is utilized to determine genotype, it is always important to
sequence a small number of samples randomly to ensure accuracy.
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Northern Blot Analyses Detecting
Adrenergic Receptor mRNAs

Judith C. W. Mak

1. Introduction

Catecholamines exert their physiological effects via binding to cell-surface
receptors known as adrenergic receptors (ARs). Based on the pharmacological
and physiological effects of various agonists, the adrenergic receptors have
been grouped into a single classification; several members have now been
cloned and their corresponding deduced primary amino acid sequences estab-
lished. The first adrenergic receptor to be cloned and sequenced was the
hamster 3,-AR (1). Of the nine adrenergic receptors that have been identified
and cloned to date, only the B;-AR and [,-AR are found in human lung
(2). The adrenergic receptors are all members of the superfamily of seven-
transmembrane domain, G-protein-coupled receptors; these receptors contain
extracellular amino-termini, often glycosylated, and intracellular carboxyl-
termini. Within each receptor are seven clusters of hydrophobic-rich amino
acids, which are believed to represent transmembrane segments, each con-
nected by extracellular and intracellular loops. Comparing different adrenergic
receptors, the third intracellular loop and cytoplasmic tails can be highly vari-
able in both length and amino acid composition (3).

Northern blot analysis provides a determination of the steady-state levels of
a specific receptor mRNA species within a complex RNA pool. The method
described here is an adaptation of the method described by Chomczynski and
Sacchi (4) using radiolabeled probes that contain a complementary sequence to
that of the targeted mRNA. Total RNA or poly (A)* RNA is size-fractionated
on a denaturing agarose gel and then transferred to a solid filter. The filter is
then hybridized with the radiolabeled probe, and the specific RNA band is

From: Methods in Molecular Biology, vol. 126: Adrenergic Receptor Protocols
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visualized by autoradiography. The Northern blot analysis has several advan-
tages, including:

1. Technical simplicity.
2. The ability to visualize the full-length mRNA species.
3. The flexibility to use either random primer-labeled DNA probes or riboprobes.

In Northern blot analysis, a constitutively expressed “common gene” con-
trols must be employed to verify loading equivalent RNA amounts in all lanes
of a single gel. Examples of “common gene” controls include glyceraldehyde-
3-phosphate dehydreogenase (GAPDH), cyclophilin, and B-actin. However,
caution must be taken, since all common gene probes may not be constitutively
expressed in all tissue types or under all experimental conditions. This chapter
describes the detailed protocols required to determine the expression of steady-
state levels of B;-AR and 3,-AR mRNAs using cDNA probes (2,5,6).

2. Materials
2.1. RNA Isolation

1. Diethyl pyrocarbonate (DEPC): All solutions that will come into contact with
RNA must be treated with 0.1% (v/v) DEPC. The DEPC-treated distilled water
must be shaken vigorously, placed in a 37°C incubator overnight, and autoclaved.

2. Solution D: 4.0 M guanidinium thiocyanate, 25 mM sodium citrate, pH 7.0, 0.5%

sarcosyl solution, and 0.1 M 2-mercaptoethanol, which is added immediately

prior to use. To a bottle containing fresh 500 g guanidinium thiocyanate (Sigma,

Poole, UK), add 586 mL of DEPC-treated water, 35.2 mL of 0.75 M sodium

citrate, pH 7.0, and 52.8 mL of 10% sarcosyl solution. This solution is stable for

several months at room temperature. Complete solution D is prepared by adding

0.36 mL of 2-mercaptoethanol to 50 mL prior to use.

2 M sodium acetate, pH 4.0, autoclaved.

Water-saturated phenol—not neutralized, stored at 4°C.

Chloroform/isoamyl alcohol (49:1).

Isopropanol stored at 4°C.

75 and 100% ethanol stored at 4°C.

Autoclaved RNase-free Oakridge tubes, pipet tips, and microcentrifuge tubes.

Oven-baked RNase-free Corex tubes.

Spectrophotometer.

S Al

—

N
)

. Random Primed Labeling of DNA

Midi-prep plasmid DNA containing full length or fragment of target sequence.
Restriction enzymes that cut out fragment of interest with complete removal of
vector DNA.

3. Multiprime DNA labeling system (Amersham International, Amersham, UK),

o =
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which includes dNTPs, reaction mixture containing hexanucleotide primers, and
Klenow fragment. All of these reagents can be purchased separately.
[0-32P]dCTP (3000 Ci/mmol, Amersham, International, Amersham, UK).

1 M Tris-HCI, pH 7.5, autoclaved.

0.5 M ethylenediamine tetra-acetic acid (EDTA), pH 8.0, autoclaved.

10% sodium dodecyl sulfate (SDS) in DEPC-treated water.

Sephadex G-50 in 10 mM Tris-HCI, pH 7.5, 1 mM EDTA, pH 8.0, and 0.1%
SDS.

Tris-EDTA (TE) buffer: 10 mM Tris-HCI, pH 7.5, and 1 mM EDTA, pH 8.0.

. Oven-baked RNase-free glass pipets.
2.3.

RNA Formaldehyde Gel
Suitable RNase-free agarose (1.0%) (Promega, Southampton, UK).

2. 3-N-Morpholine-propanesulfonic acid (MOPS) 20X buffer: 400 mM MOPS, 100

AN

2.4.

W

2.5.
. Hybridization buffer: 50% formamide, 4X SSC, 50 mM Tris-HCI, pH 7.5, 5X

mM sodium acetate, 20 mM EDTA. Autoclaved.

Gel-loading buffer: 75% formamide, 1.5X MOPS, 10% formaldehyde. Store in
aliquots at —20°C.

20X standard sodium citrate (SSC): 3 M NaCl, 0.3 M Na citrate, pH 7.0, auto-
claved.

Ethidium bromide: generally available in a 10 mg/mL stock.

Orange G dye: 0.4% orange G, 50% glycerol, | mM EDTA, autoclaved.
Formaldehyde: 37% solution.

Capillary Transfer of RNA to Solid Support
Whatman 3MM filter paper.

. Nylon membranes commonly used include Magna (Genetic Research Instruments

Ltd., Telsted Dunmow, UK) and Hybond-N (Amersham International).
Plastic sandwich box, glass plates, sponge, weights.
UV Stratalinker-2400 (Stratagene, Cambridge, UK).

Hybridization

Denhardt’s solution, 0.1% SDS, 5 mM EDTA, and 250 pug/mL denatured salmon

sperm DNA. Stock solutions are listed below.

a. 100% Deionized formamide.

b. 20X SSC.

c. 1 M Tris-HCI, pH 7.5.

d. 50X Denhardt’s solution: 1% bovine serum albumin, 1% polyvinyl-
pyrrolidone (PVP-360), 1% Ficoll 400.

e. 10% SDS.

f. 0.5 M EDTA, pH 8.0.

g. 10 mg/mL denatured salmon sperm DNA (Sigma).

Hybridization oven.
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2.6. Posthybridization Washes

1. 20X SSC.
2. 10% SDS.
3. Cassettes, X-OMAT-S film (Kodak, Hemel, Hempstead, UK).

3. Methods
3.1. RNA Isolation

1. For preparation of RNA from tissue: The tissue should be removed quickly from
the animal and frozen immediately in liquid nitrogen (see Note 1).

2. Pulverize larger frozen tissue with a prechilled mortar and pestle before homog-
enizing in denaturing solution D with a Polytron.

3. For preparation of RNA from cultured cells: The media are removed and washed
with Hank’s Balanced Saline Solution (HBSS). Ten microliters of denaturing
solution D are added to the culture flask (T-75) containing ~10 x 10° cells.

4. Add (1/10 vol to solution D) 2 M sodium acetate, pH 4.0, to each sample and mix.

5. Add (equal vol to solution D) water-saturated phenol to each sample and mix.

6. Add (1/5 vol to solution D) chloroform/isoamyl alcohol mixture to each sample,
mix vigorously for 15 s, and leave on ice for 15 min.

7. Spin for 15 min at 12,000g at 4°C.

8. Remove aqueous (i.e., RNA) phase and place into a fresh Corex tube. Add ice-
cold isopropanol (equal volume to solution D), vortex, and either place on dry ice
for 60 min or precipitate overnight at —20°C.

9. Spin for 20-30 min at 17,000g at 4°C.

10. Remove supernatant, and resuspend pellet in 75% ethanol.

11. Spin RNA for 15 min at 17,000g at 4°C.

12. Decant supernatant, freeze-dry the RNA pellet, and thoroughly resuspend in small
volume of DEPC-treated water by repeat pipeting (see Note 2).

13. Carefully transfer RNA to microcentrifuge tube and keep on ice.

14. Quantitate RNA at OD,44 (OD,g 1 =40 pg/mL) (see Notes 3 and 4).

15. Store RNA at —70°C.

16. If required, isolate poly (A)* RNA from total cellular RNA using PolyATtract
mRNA Isolation System (Promega) following the manufacturers’ protocol.

3.2. Random Primed Labeling of DNA

1. DNA fragment to be random prime-labeled must be gel-purified. There are
numerous kits to accomplish fragment purification. The JETsorb DNA Gel
Extraction kit (AMS Biotechnology, Witney, UK) is recommended.

2. The DNA (50-100 ng) dissolved in distilled water must be denatured at 100°C
for 3—5 min, followed by quick-cooling on ice.

3. Other components are added to the tube to give a final volume of 25 or 50 uL
following the manufacturer’s protocol.

4. Add 3-5 uL of the [a-*?P]dCTP and mix.
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3.3.
. Preparation of gel (see Notes 5-7): Microwave 1.0% agarose in 1X MOPS at

3.4.

Add Klenow fragment (1 uL) to the tube.

Mix gently by repeated pipeting. Spin for a few seconds in a microcentrifuge.
Incubate reaction at 37°C for 45-60 min.

Stop reaction by addition of TE buffer.

Purify the probe from unincorporated radiolabel by Sephadex G-50 column chro-
matography, using TE buffer as the eluent.

Using an aliquot of the probe, determine the amount of incorporated radioactiv-
ity in a liquid scintillation counter.

RNA Formaldehyde Gel

medium setting until the agarose has been completely melted. When the flask is
cool enough to grasp, add formaldehyde to a final concentration of 6.6% (27 mL
of a 37% formaldehyde solution to a total volume of 150 mL). In a fume hood,
pour mixture into casting tray with combs, and allow to solidify (>45 min).
Aliquot RNA (containing 20 g of total RNA) into RNase-free microcentrifuge
tubes, or resuspend lyophilized poly (A)* RNA pellets in 10 uL of DEPC-treated
water.

Add 2 vol of gel-loading buffer and 1 UL of 400 pg/mL ethidium bromide, heat
to 65°C for 5 min, and then chill on ice. Pulse spin tubes in microcentrifuge.
Place gel in electrophoresis tank filled with 1X MOPS, and load the RNA samples
into the gel wells (see Note 8).

Conduct electrophoresis at 60—100 V (approx 100 mA) until the orange dye runs
off the edge (see Note 9).

Place the gel onto Saran wrap (see Note 10), and photograph on UV transillumi-
nator to visualize the ribosomal RNA (28S and 18S RNA, corresponding to
approx 5 and 2 kb, respectively. This will also demonstrate the quality of the
RNA (i.e., if degradation has occurred).

Capillary Transfer of RNA to Solid Support

Cut nylon membrane and 4 Whatman 3 MM filters to the same size as the gel.

. Set up gel capillary transfer apparatus (i.e., the sandwich box) as follows (see

Note 11): Fill reservoir with 20X SSC; place wick (i.e., the sponge) on a platform
suspended above reservoir and submerge both ends of the wick in reservoir;
prewet four Whatman filter papers in 20X SSC, and place two of them on top of
the wick; place gel on top of the Whatman filter papers with the open side of the
wells facing down; place nylon membrane on top of the gel; place another
prewetted Whatman filter paper on top of the nylon membrane; add 8—10 absor-
bent filters (available from Sigma) and a stack of paper towels; place glass plate
on top of transfer apparatus; on top of plate, place heavy objects, such as one
500-mL bottle containing 400 mL water.

Allow capillary transfer to proceed for approx 14-18 h.
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4. Dismantle transfer apparatus, and view nylon membrane on transilluminator.
With a pencil, mark the orientation of gel and location of ribosomal bands on the
side of the nylon membrane.

Subject nylon membrane to UV crosslinking.

6. Store blot in Saran wrap in the refrigerator, or use immediately.

3.5. Hybridization

1. For hybridization in oven (see Note 12): Place blot in hybridization tube, and add
5-6 mL of hybridization buffer. Place in preheated rotating oven.

2. Prehybridization: 4-6 h at 42°C for cDNA probes.

3. Denaturation of probe: Heat cDNA probes at 95—-100°C for 5 min. Probes should
immediately be quick-cooled on ice before use.

4. Hybridization: Add probes to hybridization buffer without additional buffer (see
Notes 13 and 14). Hybridization reaction should proceed overnight.

3.6. Posthybridization Washes

1. Following hybridization reaction, remove hybridization buffer, and discard into
a radioactive disposal sink or container. Add 4X SSC, 0.1% SDS heated to
hybridization temperature (see Note 15) to the hybridization tube, and return
to the rotating oven for 30 min.

2. Additional washes (see Note 16): The remaining washes are in increasing strin-
gent conditions (i.e., increasing temperature and reducing salt in the presence of
0.1% SDS) in the rotating oven. Blots hybridized with cDNA probes are washed
successively in 2X SSC, 0.1% SDS at 50°C, 1X SSC, 0.1% SDS at 50°C, 0.5X
SSC, 0.1% SDS at 55°C, and 0.1X SSC, 0.1% SDS at 55°C. Wash at each condi-
tion for 30 min, and check radioactivity remaining on blots after each wash, using
a handheld Geiger counter.

3. Cover blot with Saran wrap, and expose to film. After exposure, strip blot in 50%
formamide, 10 mM NaH,PO,, pH 6.8, at 65°C for 30-60 min. Rinse blot in
2X SSC, 0.1% SDS at room temperature. Store blot in Saran wrap for hybridiza-
tion with additional probes.

4. The method of quantitation depends on the equipment available in the labora-
tory. Quantitate using the Protein and DNA Imageware systems by laser densito-
metry (The Discovery Series, Huntington Station, NY), and normalize the signal
from the cDNA of interest with the control cDNA, such as glyceraldehyde-3-
phosphate dehydrogenase (GAPDH).

b

4. Notes

1. In order not to exceed the capacity of the homogenization buffer, use a maximum
of 2 g of lung tissue/15 mL of solution D. The tissue must be homogenized as
quickly as possible to avoid degradation of RNA.

2. The resuspension volume of the final RNA pellet is dependent on the expected
RNA yield. It is better to make concentrated samples that can be diluted follow-
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Fig. 1. Northern blot analysis. Human lung poly (A)* RNA (lanes 1 and 2), and
total RNA (20 pg/lane) isolated from human lung (lanes 3 and 4), or human ventricle
(lane 5) was submitted to electrophoresis, blot transfer, and hybridization to human
Bi-AR or B,-AR cDNA probes. The size of mRNA was estimated from 18S and 28S
rRNA markers. Reprinted with permission from ref. 2.

10.

11.

ing quantitation than to make samples that are too dilute to be useful. These latter
samples would need to be lyophilized or reprecipitated with ethanol.

A large quantity of RNA should be diluted into several aliquots to avoid repeated
freeze/thawing.

To check the quality of the RNA, an OD,¢»5, ratio of >1.7 is acceptable. Values
of <1.7 may indicate protein contamination.

Wash flasks, gel casters, combs, and gel apparatus in DEPC-treated water to
ensure that they are RNase-free prior to use.

If feasible, a gel apparatus and tank should be dedicated solely for RNA gels.
RNA sample amounts: The amount of RNA necessary for message detection is
dependent on the relative abundance of the target mRNA. Rare messages may
require the isolation of poly (A)* RNA in order to detect a signal. This is often the
case with G-protein-coupled receptors (see Fig. 1).

. The outermost lanes on either side of the gel should not be used if at all possible.

RNA in these lanes tends not to transfer as well.

Rapid electrophoresis may heat the agarose gel and distort the lanes of migrating
RNA.

Prior to removing the gel from the tank, it is advisable to cut off the right-hand
corner of the gel for orientation purposes.

It is important to remove all air bubbles between layers of blotting materials
being added to the capillary transfer apparatus. Air bubbles will prevent uniform
transfer of RNA to nylon membrane. A disposable 10-mL serological pipet works
well to roll out the bubbles.
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Fig. 2. Effects of treatment with dexamethasone (Dex) and/or isoproterenol (Iso)
on B,-AR mRNA expression in rat lung. (A) Representative autoradiogram from
Northern blot of rat B,-AR mRNA using rat 3,-AR cDNA probe. The size of mRNA
was estimated from 18S and 28S rRNA markers. (B) Representative autoradiogram
from Northern blot of rat GAPDH mRNA. The same membrane as used in (A). (C)
Densitometric measurement of 3,-AR mRNA from control, Dex-treated, Iso-treated,
and Dex plus Iso-treated rat lungs (n = 7 in each group). ,-AR mRNA was normal-
ized to that for GAPDH mRNA. Significance of difference from the control value.
**P < 0.01. Reprinted with permission from ref. 6.

12. If using hybridization tubes, be sure that the blots are covered evenly with
hybridization buffer. Confirm buffer coverage during the prehybridization step.

13. The amount of labeled probe added to the hybridization buffer depends on the
relative abundance of the target RNA. A good starting point is 0.5—1 x 10° cpm/mL
buffer for abundant messages and 2 x 10° cpm/mL for rare messages.

14. Internal standards: Quantitation by Northern blot analysis may require the use of
an internal standard to normalize results caused by uneven RNA loading or trans-
fer. If the size of the internal standard transcript is different from the target RNA,
simultaneous hybridization with both probes can be conducted. It is important to
remember that the level of RNA encoding the commonly used internal standards
may far exceed the level of the target RNA, especially if studying G-protein-
coupled receptors (see Fig. 2).

15. It is important to preheat the wash buffers to temperature prior to addition to the
blot. This will ensure that the appropriate wash conditions have been reached.

16. The wash protocol outlined here is just a starting point. Additional or longer
washes may be necessary.
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Ribonuclease Protection Assay for the Detection
of 3,-Adrenergic Receptor RNA

Yong-Feng Yang and Curtis A. Machida

1. Introduction

1.1. Molecular Characterization of the 3-Adrenergic
Receptors (3-ARs)

The B-ARs are members of a large family of neurotransmitter receptors,
which interact with GTP binding proteins (G-proteins) to modulate second
messenger systems (1,2). The B-ARs mediate the physiological effects of the
catecholamines epinephrine and norepinephrine; when ligand-activated, these
receptors initiate the production of cyclic AMP. Three subtypes of B-ARs,
Bi-AR, B,-AR, and B;-AR, have been identified on the basis of their pharma-
cological properties, physiological effects, tissue and cell-type specificity, and
genetic structure (I-2). All three B-AR subtypes have conserved structural fea-
tures, including hydrophobicity profiles consistent with seven-transmembrane
domains, sites of N-linked glycosylation near the amino-terminus, potential
phosphorylation sites for protein kinases in presumed cytoplasmic domains,
and highly conserved amino acid similarity within the transmembrane domains.

1.2. Modulation of 3-AR mRNA Levels in Established Cell Lines

Several endocrine factors can serve as direct modulators of B-AR gene tran-
scription in established cell lines (1,3). For example, in the DDT1MF-2 muscle
cell line, addition of glucocorticoids results in rapid elevation of §,-AR mRNA,
receptor product, and adrenergic responsiveness (1). In addition, during adi-
pose differentiation in the 3T3-F442A cell line, ;-AR and 3,-AR mRNAs are
differentially activated following dexamethasone treatment, undergoing tran-
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scriptional repression and induction, respectively (4). In other related studies,
dexamethasone treatment of 3T3-L1 cells induces differential regulation of
B;-AR and B,-AR mRNAs (5). Interestingly, agonist-induced downregulation
of B,-AR mRNA can be reversed by dexamethasone treatment (5,6).

Thyroid hormones increase the rate of 3;-AR transcription in cultured ven-
tricular myocytes (7). Addition of cyclic AMP analogs results in a transient
induction (3-5x) in 3,-AR mRNA levels (1).

1.3. Ribonuclease Protection Assay (RPA)

The detection and measurement of cellular RNA provide important infor-
mation in understanding mechanisms of gene regulation and transcriptional
control. The RPA is a simple, highly reproducible, and extremely sensitive
procedure developed for the detection and quantitation of mRNA species in a
complex mixture of total cellular RNA. The RPA is at least 10 times more
sensitive than other currently available hybridization methods, including North-
ern and slot-blot hybridization (8,9). In addition, the RPA is tolerant of par-
tially degraded RNA, and allows the use of larger sample sizes to increase
sensitivity.

In addition to detection and quantitation of RNA, the RPA can be utilized to
identify RNA splice donor and acceptor sites, and transcriptional initiation and
termination sites (10-12). This assay can also be utilized to distinguish differ-
ent mRNA forms encoded by distinct genes of a multigene family, which may
not be easily discriminated by conventional blot hybridization approaches.
Multiple probes can also be simultaneously used in a single assay, which is
useful for providing normalization controls and for the coordinate analysis of
mulitple RNA species within a single signaling pathway. When the probes are
present in molar excess over the target RNA, the intensity of the protected
fragment visualized following electrophoresis and autoradiography will be
directly proportional to the amount of target RNA in the sample mixture.

The overall RPA procedure is described in Fig. 1. The RPA utilizes an
antisense cRNA probe synthesized by in vitro transcription. This is easily per-
formed by inserting the cDNA fragment (100- to 800-bp fragment; optimal
length is 250-500 bp) into common transcription vectors controlled by bacte-
riophage promoters (such as the T3, T7, or SP6 promoters). Recombinants con-
taining the target insert are linearized at the 5" end of the insert, generating
templates with either a 5" overhang or blunt end. Linearized plasmids contain-
ing 3” overhangs cannot be used as template for in vitro transcription. Using
suitable templates, RNA polymerase is then used to generate complementary
RNA transcripts of high specific activity. Following liquid hybridization of
probe to target RN'As in a complex mixture, hybrids are digested using RNase
A/RNase T1 or RNase T1. RNase T1 alone is used if the recognized target



Ribonuclease Protection Assay 141

T7 Promoter T7 Promoter

Pst | Tissue
or

BamH |
3726bp ) 3289bp Cultured Cell
Hind Ill
RNA extraction
Hind 1l l Hind Il
g/ — -\ —
l_in vitro transcription l in vitro transcription  Total RNA
B1-AR probe cyclophilin probe mRNA

l } I

Liquid hybridization

P ———————y

l RNase digestion

Polyacrylamide/ Urea gel
X-ray film

B1-AR =——  |&— B1-AR probe
AR—p  —

b lophili b
cyclophilin —»  e—— r¢— cyclophilin probe

Fig. 1. RNase protection assay for detection of B;-AR RNA.

sequence is AU-rich, such as in the polyadenylation region. The protected
probe is then resolved in a denaturing polyacrylamide gel and identified fol-
lowing autoradiographic processing.

1.4. RNase Protection Assay in the Detection of 3,-AR mRNA

Examples of probes used for detection of the rat 3;-AR mRNA are described
in Fig. 2A. These probes include pCoding, which extends from position —82 to
+273 relative to the translational start site, and pRPT, a probe extending from
position +2253 to +2797 in the rat 3;-AR sequence. pRPT is capable of identi-
fying B;-AR transcripts using either of the two polyadenylation sites located at
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Fig. 2. (A) Probes utilized in 3;-AR RPA. Locations of 3;-AR probes (pCoding and
pRPT) and cyclophilin probe (pRCYC) are diagrammed relative to positions in their
appropriate genes. Templates are cDNA fragments inserted into pGEM 3Zf(+) vec-
tors. (B) RPA detection of 3;-AR mRNAs in pineal gland. Probes pCoding
(5 x 10° cpm) and pRCYC (1 x 10 cpm) were used. The amount of pineal gland RNA
used in RPAs varies from 1 to 32 pg total RNA. RNA/probes mixtures were denatured
at 95°C for 15 min, then transferred to a hot water bath (100°C), and placed within a
preheated (46°C) hybridization incubator. The samples were then allowed to cool over-
night (12 h) to 46°C. The hybrids were then digested with RNase A/T1 at room tem-
perature for 30 min and the protected bands were separated on a 5% PAGE/7 M urea
gel. Electrophoresis was conducted at 1700 V for 3 h, and the gel was exposed to
X-ray film with double-intensifying screens for 24 h. Sizes of RNA and DNA mol-wt
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positions +2450 and +2732. The quantity of RNA used for the RPA detection
of B,-AR transcripts varies with the tissue source or cell line. The pineal gland
is a rich source of B;-AR mRNA,; as little as 1 ug total RNA can be used from
this tissue to detect 3;-AR transcripts readily (Fig. 2B). Other tissues (cortex
or heart) or cell lines (C6 glioma cell line) that express ;-ARs may require as
much as 50-70 ug total RNA for detection of B;-AR protected fragments.

2. Materials
2.1. Preparation of RNA Sample

2.1.1. Isolation of Total RNA from Tissue or Cultured Cells

1. QIA RNeasy Midi Kit, a product of QIAGEN Inc. (Valencia, CA).
2. 1X Phosphate-buffered saline (PBS) in H,O/DEPC.
3. Ethanol.

2.1.2. Determination of RNA Quantitation and Sample Integrity

1X TE: 10 mM Tris-HCI, pH 8.0, 1 mM EDTA in H,O/DEPC.

Formamide (store at 4°C).

Formaldehyde (toxic; use in chemical hood).

5X Formaldehyde RNA gel-running buffer: 0.1 M MOPS, pH 7.0, 40 mM

sodium acetate, 5 mM EDTA, pH 8.0.

Diethylpyrocarbonate (DEPC).

6. 0.1 mg/mL Ethidium bromide (EtBr) in H,O/DEPC (Store in light-tight bottle at
room temperature).

7. Agarose.

8. Formaldehyde gel-loading buffer: 50% glycerol, 1 mM EDTA, 0.025% bro-

mophenol blue.

b S

b

Fig. 2. (continued) standards are illustrated. (C) B,-AR cRNA probes synthesized
by T7 or SP6 RNA polymerase. Probe synthesized was pRPT, which contains the
AU-rich polyadenylation region of the 3;-AR mRNAs. In vitro transcription reactions
driven by T7 RNA polymerase utilized 100 uCi (33 pmol) [a-3?P]JUTP and 400 pmol
nonradioactive UTP (UTP/[o-3?P]UTP ratio is 12: 1) (duplicate samples in both lanes).
For in vitro transcription reactions driven by SP6 RNA polymerase, varying combina-
tions of radioactive and nonradioactive UTP were used. Ratios of 12:1, 12:6, and
15:2 correspond to (1) 100 uCi (33 pmol) [0-**P]JUTP and 400 pmol nonradioactive
UTP, (2) 120 uCi (39.6 pmol) [a-*?P]JUTP and 500 pmol nonradioactive UTP, and (3)
120 uCi (39.6 pmol) [a->?P]JUTP and 600 pmol nonradioactive UTP, respectively.
Probes were electrophoresed on a 5% PAGE/7 M urea gel at 1700 V for 3 h. Gels were
exposed for autoradiography for <1 min. Note higher degree of radioisoptope incorpo-
ration into full-length cRNAs when using T7 RNA polymerase in the in vitro tran-
scription reaction.
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2.2. Synthesis of High Specific Activity Radiolabeled
Antisense cRNA Probes

2.2.1. Preparation of Template for In Vitro Transcription

1. Restriction endonuclease (RE) with 10X restriction enzyme buffer (Table 1).
Enzymes are available from New England Biolabs (Beverly, MA), Boehringer
Mannheim Corp. (Indianapolis, IN), or Promega (Madison, WI).

2. Phenol: Saturate with 0.1 M Tris-HCI, pH 8.0, until pH of phenolic phase is >7.8.
Add hydroxyquinoline to a final concentration of 0.1%, and B-mercaptoethanol
to a final concentration of 0.2%. Equilibrated phenol can be stored in a light-tight
bottle at 4°C for 1 mo. Phenol is highly corrosive and will cause severe burns. All
manipulations should be carried out in a chemical hood. Wear gloves, safety
glasses, and protective clothing when handling phenol.

3. Chloroform: chloroform:isoamyl alcohol =24:1.

4. 10 mg/mL EtBr in H,O (store in light-tight bottle at room temperature).

5. 100% Ethanol (-20°C).

6. 5X Tris-boric/EDTA electrophoresis buffer (TBE): 0.45 M Tris, 0.45 M boric
acid, 0.01 M EDTA, pH 8.3.

7. QIAquick gel extraction kit, QTAGEN Inc.

8. 1X TE: 10 mM Tris-HCI, pH 8.0, 1 mM EDTA.

2.2.2. In Vitro Transcription

1. RNA polymerase and 10X transcription buffer. Enzymes are available from
Ambion Inc. (Austin, TX).

2. [032P]JUTP (3000 Ci/mmol), ICN Biomedical (Irvine, CA) (store at —20°C).

3. 10 mM rA, G, C, UTP, Pharmacia Biotech Products (Piscataway, NJ) (store at
—85°C).

4. 100 mM Dithiothriotol (DTT); dissolve in 0.01 M sodium acetate, pH 5.2 (store
at —20°C).

5. RNasin, Ambion Inc. (Austin, TX) (store at —20°C).

2.2.3. Purification of cRNA Probe

2.2.3.1. RemovaL oF DNA TeEMPLATE FROM TRANSCRIPTION REACTION Mix

1. RQ RNase-free DNase I, available from Promega (Madison, WI) (store at —20°C).
2. Formamide loading buffer: 95% formamide, 0.5 mM EDTA, 0.02% sodium
dodecyl sulfate (SDS), 0.025% xylene cyanol FF, 0.025% bromophenol blue.

2.2.3.2. FuLL-LeEngTH cRNA PRroBe PURIFICATION

Acrylamide (neurotoxin).

N,N’-methylenebisacrylamide.

40% Acrylamide (acrylamide: N, N’-methylenebisacrylamide =19: 1).
5X TBE prepared with H,O/DEPC.

b
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5.

Table 1
Commonly Used REs Generating
3’Protruding End
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RNase Away, available from Molecular Bio-Products, Inc. (San Diego, CA).

6. Elution buffer: 2 M ammonium acetate, 1% SDS, 25 ug/mL tRNA.

2.3. Liquid Hybridization and RNase Digestion
2.3.1. Liquid Hybridization

1.

2.

5X Hybridization stock solution: 200 mM PIPES, pH 6.4, 2 M sodium chloride,
5 mM EDTA.

1X Hybridization working solution: dilute 5X Hybridization stock solution in
formamide (1:4 dilution).

2.3.2. RNase Digestion

1.

B w

P =N oW

RNA digestion buffer: 10 mM Tris-HCI, pH 7.5, 300 mM sodium chloride, 5 mM
EDTA.

RNase A/T1, RNase T1, available from Ambion Inc.

20% SDS.

2 mg/mL proteinase K in proteinase K buffer (PKB): 30 mM Tris-HCI, pH 7.5,
100 mM sodium chloride, 5 mM EDTA.

Acid-phenol: Saturate with H,O/DEPC.

Chloroform.

3 M sodium acetate, pH 5.2.

100% Ethanol.

2.4. Electrophoresis and Autoradiography
This is the same as in Subheading 2.2.3.2.

3. Methods
3.1. Preparation of RNA Sample

3.1.1. Isolation of Total RNA from Tissues or Cultured Cells

Total RNA is extracted from tissues or cultured cells using QIAgen RNeasy
Midi Kit.
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3.1.2. Determination of RNA Quantitation and Sample Integrity
3.1.2.1. QuaNnTITATION OF RNA SAMPLE

1. Dilute RNA sample in 1X TE (1:150).

2. Optical density (OD) is measured in spectrophotometer (use 1X TE as blank
to adjust background). Readings should be measured at wavelengths of 260 and
280 nm. The ratio of the readings at 260 and 280 nm (A,40/ Asgg) for pure RNA
preparations is 2.0 or above.

3. RNA concentration can be calculated using the formula:

RNA (Ug/LL) = Aygo X 40 X 150/1000 (1)

3.1.2.2. DETERMINATION OF RNA SAMPLE INTEGRITY

1. Melt 0.4 g of agarose in 26 mL H,O/DEPC. Microwave for 1.5 min.

2. Cool to ~60°C. Add 8 mL of 5X formaldehyde RNA gel-running buffer and 7.154

mL of formaldehyde.

Cast the gel, and allow solidification for 30 min in a chemical hood.

Prerun the gel for 5 min at 5 V/cm.

5. Mix x uL RNA sample (2—4 pg) with 2.0 uL 5X formaldehyde RNA gel-running
buffer, 3.5 uL of formaldehyde, 10 UL of formamide, and adjust final volume to
20 uL with H,O/DEPC. (RNA volume x varies with the concentration.)

6. Denature RNA at 65°C for 15 min. Chill in ice bath for 5 min.

7. Add 0.5 pL of 0.1 mg/mL EtBr.

8. Add 1 uL formaldehyde gel-loading buffer and load onto agarose gel (gel
described in step 4).

9. Electrophoresis is conducted at 4 V/cm for 30 min. Examine gel using a UV
transilluminator. RNA samples are aliquoted into mass amounts suitable (60 p1g)
for B;-AR RPA and immediately vacuum-concentrated. Samples should be stored
at —85°C.

B w

3.2. Synthesis of High Specific Activity
Radiolabeled Antisense cRNA Probes

3.2.1. Preparation of Template for In Vitro Transcription
3.2.1.1. TEMPLATE LINEARIZATION

1. Digest 20-30 pg plasmid DNA (CsCl preparation) overnight with 100 U of
restriction endonuclease recognizing the 5" end of the B;-AR insert (see Notes 1
and 2).

2. Extract the restriction endonuclease digestion mixture with 1 vol of phenol:
chloroform (1:1).

3. Transfer the aqueous phase to a fresh tube. Add NaCl to a final concentration
of 0.2 M.

4. Precipitate plasmid DNA with 2.5 vol of 100% ethanol at —20°C for >1 h.
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5. Centrifuge at 12,000g for 15 min. Dry and resuspend the plasmid in 40-60 uL of
H,O or 1X TE (see Note 3).

3.2.1.2. PURIFICATION OF THE LINEARIZED TEMPLATE

1. Electrophorese RE-digested plasmid in a 1% agarose gel. Electrophoresis is con-
ducted at 5 V/cm for 30-60 min. Stain gel in EtBr for 20 min and destain in H,O
for 10 min.

2. Excise the linearized plasmid band following visualization with a UV transillu-
minator, and recover the plasmid from agarose using QIAquick gel extraction kit
(see Note 4).

3. Quantitate the plasmid template by spectrophotometric measurement and aliquot
into 0.5—1 pg/tube. Store at —20°C.

3.2.2. In Vitro Transcription (See Note 5)

Linearized plasmid (0.5-1 pg), 100 uCi [o->*P]JUTP (3000 Ci/mmol) (ICN),
and 1 uLL SP6 or T7 RNA polymerase (Ambion) are used for in vitro transcrip-
tion reaction.

1. Mix the in vitro transcription reagents according to the order shown in Table 2
(see Note 6).

2. Transfer the reaction mixture into a 1.5-mL tube containing 100 uCi vacuum-
dried [a-3?P]UTP (3000 Ci/mmol). Mix gently and spin briefly in micro-
centrifuge. Incubate at 37°C (T7 RNA polymerase) or 41°C (SP6 RNA
polymerase) for 5 min (see Note 7).

3. Add 1 uL of T7 RNA or SP6 RNA polymerase to the appropriate reaction, mix
gently (do not vortex), and spin briefly in microcentrifuge. Incubate at 37 or
41°C for 30-90 min (depending on the length of the cRNA being synthesized).

3.2.3. Purification of cRNA Probe
3.2.3.1. RemovaL oF DNA TempLATE FoLLowING IN VITRO TRANSCRIPTION

1. Add 1 pL of RQ RNase-free DNase I to transcription reaction mixture. Vortex
and spin briefly in microcentrifuge. Incubate at 37°C for 30 min (see Note 8).

2. Add 30 pL RNA loading buffer, denature at 95°C for 5 min, chill on ice bath for
5 min, and immediately load samples in a denaturing polyacrylamide gel.

3.2.3.2. FuLL-LENGTH cRNA PRroBe PuriFicaTION (See NoTeEs 9 AnD 10)

Urea polyacrylamide gels (7 M) are used to purify the full-length cRNA
probe. The concentration of polyacrylamide used in gels is determined by the
size of the probes to be resolved (see Note 11).

1. Electrophoresis is conducted at 250 V. Stop the electrophoresis when the marker
dye (xylene cyanol and bromophenol blue) migrates to the expected positions
(see Notes 11 and 12).
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Table 2
In Vitro Transcription

Stock Volume, uL Final
Template X 0.5-1 pg
Buffer 10X 2 1X
DTT 100 mM 2 10 mM
A, G, CTP 2.5 mM/each 4 0.5 mM
UTP 0.1 mM 2 0.01 mM
RNasin 40 U/uL 1 40U
H,0 To 19

2. Remove one glass plate from the electrophoretic assembly, and leave the gel on
the other glass plate.

3. Label the plate with fluorescent dye. Cover the gel with polyvinyl film, and
briefly expose the gel to X-ray film (10 s to 1 min).

4. Align the X-ray film to the gel using the fluorescent dye markers. Excise the
probe from the polyacrylamide gel using the X-ray film as a guide. Chop the gel
into small pieces and soak in 2-3X gel volumes of elution buffer (see Note 13).

5. Two methods are used to elute the cRNA probe from the polyacrylamide gel.

a. Method 1: Incubate the tubes with cRNA probe gel in 37°C water bath for 1 h.
Vortex every 10 min.

b. Method 2: Repeatedly freeze (at —20°C) and thaw (at 50°C) the gel fragments
containing the cRNA probe (three to four times) (see Note 14).

6. Centrifuge briefly and transfer the elution buffer into a fresh 1.5-mL
microcentrifuge tube. Extract with phenol/chloroform once. Transfer the aque-
ous phase to a fresh tube, and add 2 vol of 100% ethanol to precipitate the probe.

7. Leave the tube on dry ice for 15 min, and centrifuge at 12,000g for 15 min.

8. Vacuum-centrifuge the probe for 5 min, and resuspend in 100 pL of 1X hybrid-
ization buffer.

9. Transfer 1 uL of probe into 3 mL of scintillation. Measure the amount of
radioactivity.

3.3. Liquid RNA Hybridization and RNase Digestion
3.3.1. Liquid Hybridization

Probes used in RPA: B;-AR cRNA probe (5 x 10° cpm) and cyclophilin
cRNA probe (1 x 10° cpm) were used in each hybridization.

1. Resuspend RNA samples in (30 pL-X pL-Y pL) 1X hybridization solution
(where X is the volume containing 5 X 10° cpm B;-AR cRNA probe, and Y is the
volume containing 1 x 10% cpm cyclophilin cRNA probe) (see Note 15).

2. Mix ;-AR cRNA (X uL volume) and cyclophilin cRNA (¥ UL volume) probes.
Vortex vigorously, and centrifuge briefly (see Note 16).
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3. Add (X + Y) uL B;-AR and cyclophilin probe mixture to each RNA sample.
Vortex and centrifuge briefly. Cover with one drop of mineral oil (see Note 17).

4. Denature RNA sample and probe mixture at 95°C for 15 min. Transfer the tube to
a container of boiling water. Place the container into a hybridization incubator
that has been preheated to the hybridization temperature (46°C). Allow the water
to equilibrate to the hybridization temperature, and incubate for 12 h (see
Note 18).

3.3.2. RNase Digestion

1. RNase is diluted in RNase digestion buffer to provide designated enzyme activ-
ity. Aliquot 370 pL of diluted RNase into fresh tubes. Carefully transfer the
hybridization mixture into the tube containing diluted RNase. Incubate at
room temperature for 30 (RNase A/RNase T1) or 60 min (RNase T1) (see
Note 19).

2. Add 20 pL of proteinase K (2 mg/mL) and 10 uL. SDS (20%). Incubate at 37°C
for 30 min.

3. Extract with 1 vol of phenol/chloroform (5/1 ratio). Transfer the aqueous phase
to a fresh tube, add 1/10 vol of 3M sodium acetate, pH 5.2, and 2.5X vol of 100%
ethanol.

4. Place the tube on dry ice for 15 min, and centrifuge at 12,000g for 15 min at 4°C.

3.4. Electrophoretic Separation and Autoradiography

1. Vacuum-centrifuge the undigested probe to dryness, and resuspend in 2 uL. H,O/
DEPC. Repeatedly vortex, and centrifuge two to three times to dissolve the undi-
gested probe completely.

2. Add 4 pL of formamide-loading buffer to each tube. Denature at 95°C for
3-5 min, and chill in ice bath for 5 min. The sample should be loaded onto prerun
denaturing polyacrylamide gel immediately.

3. Electrophoresis is conducted at 1700 V for 2—4 h (time is dependent on the length
of the protected probe) to separate each protected band.

4. After electrophoresis is completed, remove the gel from the glass plates. Expose
the gel to X-ray film at —85°C (duration of exposure is dependent on the intensity
of the protected band). Use double-intensifying screens if the signal of the pro-
tected band is weak. Figure 2 shows the results of RPA using ;-AR cRNA
probe from +82 to +273 and cyclophilin cRNA probe from +210 to + 323.

4. Notes

1. Ttis important to digest the plasmid completely prior to purification of the linear-
ized plasmid by agarose-gel electrophoresis. A small amount of undigested plas-
mid DNA will give rise to longer transcripts, which may incorporate larger
proportions of the radiolabeled rNTP. This will significantly decrease the yield
and specific activity of expected cRNA probe.

2. Extraneous transcripts will be produced when template DNA containing 3" pro-
truding ends are utilized for in vitro transcription reactions (13). The extraneous
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transcripts may contain additional sequences complementary to the vector DNA.
Therefore, restriction endonucleases generating 3’ protruding ends should not be
used to linearize plasmid DNA template for in vitro transcription. These enzymes
are listed in Table 1.

If there are no acceptable restriction endonuclease recognition sites, the 3’
protruding end must be converted to a blunt end prior to in vitro transcription. T4
or T7 DNA polymerase can be used to convert 3’ protruding ends into blunt ends
by using the following method:

a. Phenol-extract the DNA following RE digestion.
b. Precipitate DNA by adding 1/25 vol of 5 M NacCl, 2.5X vol of 100% ethanol.

Place sample at —20°C for 30 min.

c. Centrifuge the sample at 12,000g for 10 min at 4°C.

d. Carefully remove the supernatant, and wash the DNA pellet once with 70%
ethanol.

e. Resuspend the template DNA in 1X T4 DNA polymerase buffer (100 uM of
each dNTP and 0.1 mg/mL bovine serum albumin [BSA]). Add 5 U of

T4 DNA polymerase/|tg of DNA and incubate at 37°C for 5 min.

f. The enzyme can be heat-inactivated at 75°C for 10 min.

3. Plasmid DNA should be resupended at a concentration of 0.5-1 pg/uL.
Resuspend the DNA in a small volume to minimize band diffusion during
electrophoresis.

4. Plasmid should be washed twice with 70% ethanol. Allow complete evaporation
of ethanol by leaving the column open for 10 min after washing. Elute plasmid
DNA with H,O/DEPC.

5. Werecommend using T7 RNA polymerase instead of SP6 RNA polymerase. The
T7 RNA promoter is more active and T7 RNA polymerase is more stable than the
SP6 promoter and RNA polymerase (see Fig. 2).

6. The amount of transcription substrate rATP, rGTP, rCTP, and rUTP can be
increased if the expected transcript size is large. However, the ratio between non-
radioactive rUTP and [a-3?P]rUTP should not be too high if the anticipated lev-
els of target RNA are limiting.

7. Radioisotope [a-3?P]rUTP is vacuum-centrifuged to dryness to minimize the
overall reaction volume and to maximize the specific activity of the probe.

8. The probe cannot be effectively purified by polyacrylamide gel electrophoresis,
if the DNA template is not completely digested following in vitro transcription.
DNA template will migrate at the same electrophoretic position as the probe.
DNA templates will hybridize with radiolabeled cRNA probes, creating false
positives in the RPA.

9. In vitro transcription will produce some incompletely synthesized transcripts,
which will competitively hybridize to the target RNA, decrease the sensitivity
of the assay, and increase the background. Polyacrylamide gel purification is
the best method for separation of the full-length probe from incompletely
synthesized transcripts. We recommend gel purification of the probe following
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Table 3
Effective Range of Separation of RNAs
in Polyacrylamide/Urea Gels

% Polyacrylamide/

urea gel Size of nucleotide, nt
4 >230
6 55-200
8 35-110
10 20-55
12 10-45
Table 4
Migration Rates of Loading Dye in Denaturing Polyacrylamide Gels?
Polyacrylamide, Xylene cyanol FF, Bromophenol blue,
Yolurea gel nucleotides nucleotides
4 140 36
6 100 23
8 68 18
10 50 11
15 29 9
20 18 7

“If DNA ladders are used as mol-wt markers, note that single-stranded DNA migrates at a
position approx 10% smaller than RNA of equivalent nucleotide length.

in vitro transcription, especially if multiple probes are used in a single RPA
hybridization.

10. The glass plates, spacers, and comb used in preparing the polyacrylamide gel
should be cleaned and treated with RNase Away. This will minimize potential
RNase contamination. RNase Away will deplete the gel slick application; we
recommend treatment of the glass plate with additional gel slick prior to pouring
new polyacrylamide gels.

11. Selection of appropriate polyacrylamide gel concentrations are critical to achiev-
ing maximal separation of the full-length probe from incompletely synthesized
transcripts. When two or more probes are purified on a single gel, select the gel
concentration appropriate for the longer probe, and stop the electrophoresis
before the shorter probe elutes from the gel. Tables 3 and 4 may be used as
reference guides to select appropriate gel concentration and electrophoresis times.

12. The TBE buffer should be prepared using DEPC-treated water. The wells need to
be cleaned carefully and thoroughly. Prerun the gel at 250 V for 30 min to heat
the acrylamide matrix (~50°C) before loading the probes.
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13. Carrier tRNA is not necessary if the in vitro transcription reaction is efficient and
labels the probe to a high specific activity. In some instances, tRNA may contrib-
ute to false postives, if it retains sequences complementary to the probe.

14. Do not freeze the gel at —85°C or on dry ice, which will damage the probe. Step
5a in Subheading 3.2.3.2. has a lower recovery efficiency from the gel (~50% if
the probe is <400 nt, and ~40% if the probe is 400-550 nt) compared to step Sb
in Subheading 3.2.3.2. This step has a higher recovery efficiency (10-20%
higher than that of 5-A), but may damage the probe if it is longer than 450 nt.

15. RNA samples must be completely resuspended in the hybridization buffer before
adding probes.

16. B;-AR probe and cyclophilin probe must be mixed together before adding to the
RNA sample. Adding these probes individually to the RNA sample will increase
experimental variability.

17. The hybridization mixture must be covered with mineral oil to prevent evapora-
tion of the solution. Changes in salt concentration in the hybridization buffer will
affect the formation of probe/target hybrids.

18. Hybridization time is critical for successful RPAs. Short hybridization times will
decrease the sensitivity of the assay, whereas overly long hybridization times
will increase background by creating hybrids with partial cRNA probes damaged
by radioactivity-induced photolysis. Thus, in light of this consideration, we also
recommend using freshly eluted probes to minimize damage induced by photolysis.

19. RNase should be titrated with each new lot of enzyme. Remove as much mineral
oil as possible prior to transfer of the RNA/probe hybrids to the RNase digestion
tube. Mineral oil will be difficult to remove in subsequent steps and will interfere
with the loading of samples for gel electrophoresis.
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Determination of Adrenergic Receptor mRNAs
by Quantitative Reverse Transcriptase-Polymerase
Chain Reactions

Stefan Engelhardt and Martin J. Lohse

1. Introduction

The quantification of adrenergic receptor (AR) mRNAs is an important tool
in the study of the physiological and pathophysiological regulation of these
receptors. Alterations of the levels of these mRNA represent one of the many
mechanisms that regulate receptor signaling (1,2). Such alterations can be trig-
gered by stimulation of the receptors themselves, but also by a variety of other
causes. In patients, reductions of receptor mRNA levels have been observed in
response to treatment with receptor agonists; in pathophysiological states, the
best-known example is the downregulation of cardiac 3;-ARs in heart failure.
On the other hand, upregulation of receptor mRNAs has been observed in
response to stimuli, such as corticosteroids and thyroid hormones.

Various techniques exist to detect and quantify receptor mRNAs. Since in
most instances these mRNAs are of very low abundance, the methods used for
their detection need to be extremely sensitive. This chapter describes the most
sensitive of these methods, which is based on the polymerase chain reaction
(PCR). The PCR, first described by Saiki et al. (3), is a highly sensitive, spe-
cific, and rapid method for the enzymatic amplification of specific nucleic
acids. Since its introduction in 1985, this technique has seen rapid develop-
ment and has become indispensable in many fields of research. This technique
soon proved to be valuable not only for the detection of DNA, but also for the
detection and quantification of specific mRNAs by combining the amplifica-
tion procedure with a preceding enzymatic step where RNA serves as a tem-
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plate for reverse transcription into complementary DNA (cDNA) (4). This tech-
nique has been variously termed, but the term reverse transcriptase-polymerase
chain reaction (RT-PCR) is now widely used and will be used throughout this
chapter.

Before setting up a quantitative PCR assay, one might also consider tradi-
tional techniques, such as Northern blotting, RNA dot/slot blotting, and ribo-
nuclease protection assays. Although these methods are less sensitive, they are
considerably less prone to assay-inherent variations, which can be difficult
to control. We chose RT-PCR whenever the amount of RNA was too small to
allow for replicate measurements with conventional methods. Owing to the
low expression levels of the adrenergic receptor mRNAs in human biopsy tis-
sue or certain cell lines, this is often the case.

1.1. Standardization

Since minute amounts of RNA are rapidly degraded by nucleases and
because of the exponential nature of the amplification step, the RT-PCR is
prone to considerable variation. Several different strategies to control for such
variation have been developed. In principle, there are two different approaches.
(1) Either an unrelated or nonregulated endogenous mRNA is quantified in the
same RNA sample. Owing to their ubiquitous and (more or less) unregulated
expression, various housekeeping genes are suitable for this application. These
standards are also referred to as endogenous standards. They can be quantified
both in parallel or in the same tube with the actual target sequence. (2) The
alternative approach is to use various kinds of exogenous synthetic RNA or
DNA templates as standards (exogenous standards). These are added either to
the RNA preparation or after the reverse transcription step, respectively. This
method is especially powerful when used as competitive PCR, as first described
by Gilliland et al. (5).

In the second approach, various known amounts of synthetic templates,
which contain identical primer recognition sequences, but differ either in length
or in sequence from the target, are added to the RNA or cDNA preparation.
The main advantage of this method is to allow directly the absolute quantifica-
tion of specific target sequences. However, this method does not control for
variations in sample processing and RNA preparation when the RNA standard
is added after the RNA preparation step. If the exogenous standard is added
after cDNA synthesis, variations occurring during the reverse transcription step
cannot be controlled. Thus, exogenous standards can only control the later steps
of the entire quantification procedure. However, often the variations occurring
during the early steps of the procedure—sample procurement and RNA
preparation—are much larger than those of the later steps. This is especially
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important when sample tissue with potential RNA degradation (such as
biopsy tissue) is investigated. We have recently studied this problem by deter-
mining the sources of variation in the quantification of human [3;-AR mRNA
from human heart tissue (6), and found that the major sources of variation
were located in the treatment of the tissue and the RNA preparation.

Thus, when working with samples in which degradation is likely to occur
before freezing or processing, it appears reasonable to standardize experiments
with an endogenous RNA standard, which is present from the very beginning
of the procedure. As mentioned above, various housekeeping genes have been
advocated for this purpose. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) is probably the most frequently used endogenous standard. Endog-
enous standards can be determined either in the same tube as the target RNA or
in parallel in a different tube. Both approaches yield reasonable results.
Although determination in the same tube can in principle also control for tube-
to-tube variations in the PCR, it is often difficult to achieve exponential ampli-
fication of two or more genes of interest in one tube.

2. Materials
2.1. RNA Preparation

TRIZOL (Life Technologies, Grand Island, NY) or equivalent.

Chloroform.

Isopropanol.

75% Ethanol.

55°C water bath or thermoblock.

Refrigerated microcentrifuge.

Homogenization device (e.g., Ultraturrax, IKA Labortechnik, Staufen, Germany
or Polytron, Luzern, Switzerland).

8. UV spectrophotometer and 50-pL cuvets.

Nk WD =

2.2. Reverse Transcription

—_

RNA preparation from Subheading 2.1.

2. Deoxynucleotide triphosphates (ANTPs,10 mM each of dATP, dCTP, dGTP, and

dTTP).

Oligo(dT),5 primers (5 uM, e.g., Boehringer Mannheim, Mannheim, Germany).

200 U/uL Reverse transcriptase (e.g., SuperScript, Life Technologies).

5. Incubation buffer for reverse transcriptase (5X, supplied by the manufacturer of
the enzyme).

6. 0.1 M dithiothreitel (DTT) (also supplied).

40 U/uL RNase inhibitor (e.g., RNaseOut from Life Technologies).

8. 42 and 70°C water bath or thermoblock.

W

~
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2.3. Polymerase Chain Reaction (PCR)

1. Thermocycler with high-temperature uniformity (e.g., Perkin Elmer Applied
Biosystems, Weiterstadt, Germany).
cDNA (10 ng/uL in H,O).
5 U/uL Tagq polymerase (e.g., Boehringer Mannheim).
10X Incubation buffer for Tag polymerase (supplied by manufacturer).
dNTPs as in Subheading 2.2.
3000 Ci/mmol [0-32P]dCTP (e.g., Amersham, Braunschweig, Germany—optional).
Polyethylene tubes (preferably thin-walled PCR tubes, e.g. Perkin Elmer Applied
Biosystems, Weiterstadt, Germany).
8. Light-weight mineral oil (Sigma, Deisenhofen, Germany; only necessary if
thermocycler has no heated lid).
9. PCR additives, such as glycerol and dimethyl sulfoxide (DMSO) (optional).
10. Forward and reverse primers (20 UM concentration; see Note 1).

2.4. Quantification of PCR Products Using PAGE

1. Electrophoresis chamber (with plates, spacers, combs, and power supply, e.g.,
Hoefer Pharmacia, San Francisco, CA).

2. Acrylamide solution (38% acrylamide/2% bis-acrylamide, ready-to-use, e.g.,
Roth, Karlsruhe, Germany).

3. 10X TBE buffer: 890 mM Tris, 890 mM boric acid, 20 mM ethylenediamine
tetra-acetic acid (EDTA).

4. N,N,N’,N’tetramethylethylenediamine (TEMED) (Bio-Rad, Richmond, CA).

5. 10% Ammonium persulfate in H,O (APS, Roth).

6. Gel-loading buffer: 20% (w/v) Ficoll 400 (Pharmacia, Uppsala, Sweden, 0.1 M
Na,EDTA, 1.0% [w/v] sodium dodecyl sulfate [SDS], 0.25% [w/v] bromophenol
blue, 0.25% [w/v] xylene cyanol).

7. Vacuum gel dryer.

8. Phosphoimager exposure plates and phosphoimager (alternative: autoradiogra-
phy films and quantitative densitometric analysis).

Nk wD

For Subheadings 2.1. and 2.2., it is absolutely essential that all reagents and
instruments are free from RNases. Usually commercial sterile plasticware is
free from RNases if stored in a clean place and used only for RNA work. The
same is true for most commercial reagents. Distilled water should be RNase-free,
but this needs to be confirmed. The presence of RNases should be suspected
when no or diffuse bands are obtained after Subheading 3.1. (see below).

3. Methods
3.1. RNA Preparation

1. Add 1 mL of TRIZOL to 2-mL Eppendorf tubes, and incubate on ice.
2. Add fresh or frozen sample, and homogenize immediately at 13,000 rpm for 20 s.
It is critical that frozen samples do not thaw in the TRIZOL solution before being
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3.2.
. Thaw RNAs, oligo(dT) primers, 5X incubation buffer, and DTT, and place on ice
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homogenized. Put the homogenized sample back on ice, and clean the homogeni-
zation device with a few strokes in TRIZOL (may be reused throughout the assay)
and then in H,O. If cells are the starting material, directly apply 1 mL cooled
TRIZOL onto the phosphate-buffered saline- (PBS) washed cells, and maximize
yield by collecting all cells with a cell scraper. When isolating total RNA from
tissue-culture cells, no homogenization step is required.

Incubate all homogenized samples at room temperature for 5 min.

Add 200 pL chloroform, and shake thoroughly for 15 s.

Incubate at room temperature for 2 min.

Microcentrifuge at 12,000g, at 4°C for 15 min.

Remove 500 UL of the upper aqueous phase, and transfer to a fresh tube.

Add 1 vol of isopropanol, mix by inverting the tube several times, and incubate at
room temperature for 10 min.

Microcentrifuge at 12,000g at 4°C for 15 min.

. Carefully decant the supernatant, and wash the residual pellet with 75% ethanol.

Do not shake, since this will disrupt the pellet.

Microcentrifuge at 7500g for 5 min at room temperature, carefully decant the
supernatant, collect the residual fluid with use of an additional short spin, and
pipet off the remaining fluid.

Mark the position of the pellet on the outside of the tube (to facilitate step 13),
and dry the RNA pellet for 5-10 min on the benchtop. It is important not to
overdry the RNA pellet.

Dissolve the pellet in 20 UL of H,O by placing the tube in a thermoblock at 55°C
for 10 min.

Dilute the RNA about 50-fold, and determine the absorbance at 260 and 280 nm.
The concentration of RNA is calculated by using the following equation:

C (pg/mL) = A260 x40

The ratio A,40/A,go should be between 1.7 and 2.0.
Store RNA at —80°C.

Reverse Transcription

together with the reaction tubes.

Pipet 2 pL (10 pmol) of the oligo(dT) solution in each tube and add 9—x pL of
ddH,0.

Add x pL of the total RNA containing 500 ng or 1 pug.

Heat to 70°C for 10 min; in the interim period, prepare the following master mix
(multiply volumes by number of samples + 1):

4 uL 5X Incubation buffer
2 uL DTT
1 uL dNTPs

0.1 uL. RNase inhibitor
1 uL reverse transcriptase
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0.9 uL H,0
9 uL Total volume
Chill tubes on ice, and centrifuge the sample for 1 s to collect condensate.
Add 9 puL of master mix.
Incubate at 42°C for 60 min.
Stop the reaction by heating to 70°C for 10 min, and chill on ice.
Add H,O0 to yield a final concentration of 10 ng/uL, and store at —20°C.

3.3. Polymerase Chain Reaction (PCR)

e A

1. Thaw all reagents, and chill on ice, except the Taq polymerase.
2. Prepare the following master mix (multiply volumes by number of samples + 1):
Sul 10X incubation buffer
1.25uL.  forward primer
1.25 uL.  reverse primer
1wl dNTPs
0.3 uL [0-3?P]dCTP (optional)
0.25 uL.  Tagq polymerase
3595uL H,O
45 uL Total
3. Pipet 45 uLL master mix to each PCR tube.
4. Add 5 pL of cDNA solution (=50 ng reverse-transcribed RNA).

5. In cases where the thermal cycler has no heated lid, overlay with 50 uL light-
weight mineral oil (two drops).

6. Place in PCR cycler preheated to 94°C.

7. Cycle for the appropriate number of cycles (see Notes 2-5), and store at 4°C.

3.4. Separation of PCR Products by PAGE and Quantification
by Phosphoimager Analysis

1. Prepare the gel apparatus for casting the gel.

2. For a 5% gel, prepare a solution of 6.25 mL of acrylamide/bis-acrylamide, 5 mL
10X TBE, and 38.75 mL H,O.

3. Add 50 uL TEMED and 500 uL 10% adenosine phosphosulfate (APS), mix

immediately, pour the gel, and insert the comb.

Let the gel polymerize for at least 30 min.

During the interim period, add 5 uL of gel-loading buffer to your PCR products.

Assemble the gel apparatus, and fill with 1X TBE buffer.

Load 45 uL from the PCR tubes onto the gel.

Depending on the size of the PCR product, electrophorese the gel at 25 mA until

the PCR product has migrated approx 50% of the gel length. This has to be deter-

mined empirically, but it can be expected that approx 1 h of electrophoresis time

is needed for a 500-bp product. Sufficient resolution of the PCR product is often

obtained even when the majority of nucleotides are still retained in the gel. Thus,

PN A
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one can easily dispose of the unincorporated nucleotides by excising the lower
portion of the gel.
9. Disassemble the gel apparatus, leave the gel on one glass plate, and excise the

lower portion of the gel containing the unincorporated nucleotides.

10. Cover the gel with a layer of Whatman paper, and following attachment, care-
fully remove the paper with the attached gel from the glass plate.

11. Cover the gel with a sheet of household plastic wrap, and dry the gel using a
vacuum gel dryer for approx 60 min at 80°C.

12. Expose the gel to a phosphoimager plate for a few hours, and scan the plate.

13. Calculate the intensity of the PCR bands with the phosphoimager software, and
subtract appropriate background values.

3.5. Determination of the Exponential Phase
of the PCR Assay and Validation of Its Accuracy

Before determination of the mRNA abundance of specific genes in sample
tissue or cells, two essential steps of standardization should be performed. The
first step is to determine the exponential phase of the specific PCR. This is
essential, since every PCR reaches a plateau phase after an exponential phase
of DNA replication. When reaching the plateau phase of the PCR assay, poten-
tial differences in mRNA expression will not be sufficiently detected with your
PCR assay. We use the following approach: After the assay is optimized to
yield a single band of the expected size on an agarose gel, a radioactive nucle-
otide tracer is included in the reaction mixture, and 9—15 identical PCR tubes
are prepared from one cDNA as described in Subheading 3.3. All tubes are
placed in the thermal cycler together, but are cycled for different numbers of
cycles. The smallest number of cycles sufficient to produce a clearly visible
band on a phosphoimager can be expected to be three to six cycles less than the
cycle number necessary for a clearly visible band on an agarose gel. Beginning
at that minimum cycle number, three tubes are removed from the cycler every
three cycles. The tubes should be removed at the end of the respective 72°C
extension step. Subsequently, the samples are subjected to polyacrylamide gel
electrophoresis (PAGE), the gels are dried and the radioactivity incorporated
into specific bands is quantified by phosphoimager analysis. Figure 1 shows a
typical experiment determining the exponential phase for the amplification of
the B,-AR mRNA from human alveolar macrophages. From this experiment, a
cycle number is chosen for the subsequent assays that is well below the upper
limit of the exponential phase and is sufficient to yield distinct bands when the
gel is analyzed with a phosphoimager.

The second essential step in the validation of a PCR assay is to determine
whether and how accurately the assay can measure differences in mRNA abun-
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Fig. 1. Amplification of the B,-AR mRNA from human alveolar macrophages.
Determination of the exponential phase. Identical aliquots from one cDNA were
amplified by PCR with the indicated number of cycles. The products were separated
on polyacrylamide gels and quantified using phosphoimage analysis. (A)
Phosphoimage with the radioactive PCR products as isolated bands. (B) Quantifica-
tion in phosphoimage units. The half-logarithmic scale reveals that the reaction is
exponential for at least 31 cycles. The symbols represent the mean of three determina-
tions. The SEMs were smaller than the symbol size.

dance. For that purpose, varying amounts of cDNA are added to the reaction
and amplified with the number of cycles that was determined in the first reac-
tion. We routinely use 12.5, 25, 50, and 100 ng of reverse-transcribed RNA for
this determination. A typical experiment is shown in Fig. 2.

After the determination of the optimal number of cycles and the appropriate
amount of cDNA for the gene of interest and for an endogenous control gene,
the mRNA abundance of the specific gene is quantified with the determined
parameters.
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Fig. 2. Determination of the linear range of the PCR quantification. Different
amounts of reverse-transcribed RNA were subjected to 29 rounds of amplification
(A). Phosphoimage analysis revealed linearity up to 50 ng of reverse-transcribed RNA
(B). Symbols represent means = SEM (not shown when smaller than symbol size).

3.6. Normalization

When the PCR products are quantified as described above, this provides
relative data in phosphoimage units. To allow a comparison between different
samples, it is necessary to use a normalization standard as outlined at the
beginning of the chapter. We prefer normalization to an endogenous standard
mRNA, such as GAPDH. In the normalization, both the target mRNA (e.g.,
receptor mRNA) and the standard mRINA are quantified, and then the value for
the target mRNA is divided by the value for the standard mRNA. Thus, the
end result is dimensionless and is dependent on the specific assay conditions
chosen.

Such results are sufficient to compare relative alterations, provided that all
samples for such comparisons are treated identically and are preferably ana-
lyzed in the same experiment. Typical examples would be the agonist-induced
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reduction of a receptor mRNA in cell lines or the comparison of receptor
mRNAs in samples from two groups of patients.

If absolute levels of an mRNA need to be determined, this requires the prepa-
ration and use of a synthetic target mRNA. This mRNA is synthesized with
RNA polymerase using the target cDNA as the template. Defined amounts of
this synthetic mRNA are then analyzed as described above. The simplest
approach is to construct a standard curve with known amounts of synthetic
mRNA and to examine the samples of interest in the same experiments. The
procedures have been described by Engelhardt et al. (6).

Alternatively, competitive PCR uses a slightly modified synthetic mRNA
resulting in a PCR product that can be distinguished on gels from that of the
target mRNA (either because it contains an additional restriction site allowing
its digestion before PAGE or because it is different in length). For the quantita-
tive analysis, reactions with different amounts of the synthetic mRNAs are
established for each sample, and both bands are quantified for each reaction.
This provides a standard curve for each sample, and the amount of target
mRNA corresponds to the amount of standard mRNA at the point where target
and standard mRNA result in equal amounts of PCR product, as described by
Gilliland et al. (5).

4. Notes

1. Primers for PCR: Whether certain primers for a given sequence are working or
not is not very predictable, and some primers are better than others for no obvi-
ous reason. However, there are some rules that facilitate the selection of good
primers. The end of this note contains a list of successfully used primers for
adrenergic receptors.

For the purpose of quantitative PCR, primers should have 100% sequence
complementarity. Their length should be between 18 and 30 bp, and the expected
product size should be <1000 bp. At higher product sizes, the synthesis effi-
ciency may decrease (7), and also extension times become significantly longer.
The GC content of primers should be similar to that of the template, and any
“unusual” sequences, such as repetitive single bases, should be avoided. Further-
more, attention should be given to the 3" ends of primer pairs to avoid any 3" end
complementarity between two primers, since complementarity of the 3’ ends may
lead to the formation of primer dimers that might compete with the specific PCR
product. In addition to the above-mentioned rules, one might also consider the
help of computer software, which is available from a variety of companies. If
even after all considerations, primers exist that simply do not amplify, after some
optimization effort (see Note 2), it is most economical to try another set of prim-
ers. Table 1 provides an overview of selected primer sequences that have been
used successfully for the amplification of adrenergic receptor mRNAs and for
the housekeeping gene GAPDH.
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Table 1
Primers Used in the Amplification of Adrenergic Receptor
and GAPDH mRNAs
Position in
mRNA, coding
species Primer sequence sequence Reference
o;g-AR (rat) 5’- GCT CCT TCT ACA TCC CGC TCG -3’ 629 Forward 9
5’- AGG GGA GCC AAC ATA AGA TGA -3’ 928 Reverse
o;p-AR (rat) 5’- CGT GTG CTC CTT CTA CCT ACC -3’ 759 Forward 9
5’- GCA CAG GAC GAA GAC ACC CAC -3/ 1062 Reverse
B;-AR 5’-CTC ACC AAC CTC TTC ATC ATG -3’ 272 Forward 6
(human) 5’-GAA ACG GCG CTC GCA GCT G -3’ 795 Reverse
B,-AR 5’-CCT CCT AAA TTG GAT AGG -3’ 927 Forward 6
(human) 5-AGT CTG TTT AGT GTT CTG -3’ 1298 Reverse
B;-AR (rat) 5’- CTC ACC AAC CTC TTC ATC ATG -3’ 274 Forward  Unpublished
5’- GAA GCG GCG CTC GCA GCT G -3’ 795 Reverse
B,-AR (rat) 5’- CCT CCT TAA CTG GTT GGG -3’ 927 Forward  Unpublished
5’- AGT CTG GTT AGT GTC CTG -3’ 1314 Reverse
B5-AR 5’- ATG GCT CCG TGG CCT CAC -3’ 1 Forward 10
(mouse) 5’- CTG GCT CAT GAT GGG C -3’ 519 Reverse
B5-AR 5-TAG TCC TGG TGT GGA TCG TGT CCG C -3’ 464 Forward 11
(rat) 5’- GCG ATG AAA ACT CCG CTG GGA ACT A -3" 980 Reverse
GAPDH 5’- GCT TTT AAC TCT GGT AAA GTG G -3’ 64 Forward 12
(human) 5’- TCA CGC CAC AGT TTC CCG GAG G -3’ 593 Reverse
GAPDH (rat) 5’- GCT GCC TTC TCT TGT GAC AAA -3’ 55 Forward  Unpublished
5’- CAC GCC ACA GCT TTC CAG A -3’ 586 Reverse
GAPDH 5’- GCT GCC ATT TGC AGT GGC AAA -3’ 55 Forward  Unpublished
(mouse) 5’- ATC ACG CCA CAG CTT TCC AGA -3’ 588 Reverse
2. Cycling parameters: The recommended parameters for one PCR cycle are 1 min

of denaturation at 94°C, 1 min of annealing of the primers to the template at the
optimal annealing temperature, and 1 min of extension at 72°C. These relatively
long cycling times can be significantly shortened when using thin-walled PCR
tubes and fast PCR machines. For example, using PCR machines with heated lids
from Perkin Elmer, we routinely use 15 s of denaturation and 30 s of annealing.
Both processes should occur very rapidly once the target temperature is reached
inside the tube. For PCR products composed of 100-250 bp in length, we use
30 s of extension at 72°C; for products composed of 250-1000 bp, we use 60 s of
extension. In addition to the use of computer programs, there are several methods
to calculate the optimal annealing temperature for a given set of primers. A tradi-
tional method, known as the “2 + 4 rule,” is to estimate 2°C for every A or T and
4°C for every C or G within the primer sequence. This usually works well for
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short oligonucleotides, but is less optimal for longer oligonucleotides. Also, the
following simple rule (8) works well: Anneal at 55°C if the GC content of the
primers is below 50%; if GC content is higher, anneal at 60°C. If any additional
bands appear with the chosen annealing temperature, anneal at 2-5°C above that
temperature and determine if this reduces or eliminates the nonspecific bands. In
addition, we always preheat the PCR cycler to 94°C before placing the tubes into
the thermoblock, thus reducing the initial ramp time where nonspecific annealing
can occur. If this is not sufficient, the reaction components of the PCR should be

optimized (see Note 3).

3. Optimization of reaction components: If a primer pair fails to produce a single
band with the cycling parameters described in Note 2, we attempt to optimize the
reaction components by using several MgCl, concentrations and, glycerol and
DMSO as additives (modified from ref. §). We routinely use the following
approach:

a. Prepare three master mixes according to Table 2.

b. Prepare three MgCl, solutions of 10, 30, and 45 mM.

c. Combine 5 UL of each of the three MgCl, solutions with 45 UL of each of the
three master mixes, amplify with the appropriate number of cycles, and elec-
trophorese the products on an agarose gel.

The recommended preheating of the PCR cycler before placing the cooled tubes
into the thermoblock cannot fully prevent nonspecific annealing and subsequent
generation of nonspecific products. If this is a problem, try using Taq antibodies
(Clontech), which keep the polymerases inactive until the antibodies are dena-
tured with the first denaturation step, or AmpliTaqGold (Perkin Elmer), a Tag
polymerase that becomes activated only after an initial incubation at 94°C. Both
methods can increase the sensitivity and specificity of the PCR assay. We do not
recommend the classic “hot-start” technique for a quantitative PCR assay, since
this method requires a second opening of the PCR tubes after they have been
positioned in the thermocycler; this represents an additional chance to introduce
contaminations.

4. Cycling parameters for the amplification of B-AR mRNAs used by the authors:
Amplification of 3;-AR mRNA from human and rat myocardium:

Standard reaction components with 5% DMSO.
30 Cycles with 30 s 94°C, 30 s 58°C, 1 min 72°C.

Amplification of B,-AR mRNA from human and rat myocardium:

Standard reaction components.
29 Cycles with 30 s 94°C, 30 s 50°C, 1 min 72°C.

5. Trouble-shooting: The two main problems with this procedure are the lack of a
PCR product or the appearance of a PCR product where no amplification should
occur. Both problems can be owing to a variety of reasons; however, a few causes
are most likely and need to be controlled, preferably in each experiment. Apart
from nonworking primers or incorrect amplification conditions, the two most
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Table 2
Master Mixes Used in the Optimization of Reaction Components

Volume per Master mix 1, Master mix 2, Master mix 3,  Final

Components reaction, UL uL uL uL concentration
PCR-buffer 10X 5 20 20 20 1X
(Mg?*-free)
Forward primer 1.25 5 5 5 0.5 uM
Reverse primer 1.25 5 5 5 0.5 uM
cDNA 10 40 40 40 10 ng/uL
dNTP 1 4 4 4 200 uM
(10 mM each)
DMSO 2.5 — 10 — 5%
Glycerol 5 — — 20 10%
H,0 45 uL 18.75 105 95 85 —
Taq polymerase 0.25 1 1 1 25U

important causes are degradation of RNA and contamination with the DNA

template.

a. Degradation of RNA: RNAs are very easily degraded, and the RNases
responsible for this process are very robust enzymes. They are likely to be
carried on the investigator’s hands, and also contaminate many laboratory
reagents and instruments. The usual precautions are: work with gloves, keep
special reagents for RNA work, and use sterilized disposable plasticware.
Although this is counterintuitive, autoclaving does not always remove
RNases, and it is not advised to autoclave commercial reagents or plasticware.
The use of filter tips reduces the risk of contamination with RNases with DNA
template.

b. Contaminations: The appearance of a PCR product where no amplification
should occur is an often observed problem in RT-PCR, particularly when PCR
of a given template is used frequently. The most obvious reason is contamina-
tion with DNA template. Because of the enormous levels of amplification,
even minute amounts of contaminants can be sufficient to produce robust
false-positive results. In the case of intronless genes—including most adren-
ergic receptor genes—genomic DNA is one source of contamination. The
other source of contamination is with plasmids or PCR products. The precau-
tions to be taken for the latter are essentially similar to those advised to pre-
vent contamination with RNases. Spatial separation of the RNA preparation
steps from work with the corresponding PCR products may be helpful. If the
contaminant is genomic DNA, the RNA preparation step needs to be exam-
ined. When using our protocol for RNA preparation, genomic DNA most
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likely results from working with excessive amounts of tissue or cells. In order
to verify lack of contaminants in RT-PCR, it is best to include a control
reaction without reverse transcriptase in each experiment. If a PCR product is
obtained in this tube, it indicates the presence of DNA contaminations.
Experimental evaluation should be conducted only on those experiments
where this control is negative.
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Nuclear Run-On Assays for Measurement
of Adrenergic Receptor Transcription Rate

Zhuo-Wei Hu and Brian B. Hoffman

1. Introduction

The functionally diverse group of G-protein-coupled receptors (GPCRs) is a
superfamily of membrane receptors. They include receptors for many different
signaling molecules, such as peptide and nonpeptide hormones, neurotrans-
mitters, chemokines, prostanoids, and proteinases. The principal function of
GPCRs is to transmit information about the extracellular environment to the
interior of the cell by interacting with the heterotrimeric G-proteins and,
thereby, participate in regulation of many cellular functions. In view of their
major importance, it is not surprising that GPCR-mediated responses are sub-
ject to dynamic regulation by a number of mechanisms. These regulatory
mechanisms have important roles in fine-tuning signals from multiple receptor
signaling pathways. Multiple mechanisms contribute to the regulation of
GPCRs and their transmembrane signaling. Posttranslational modifications
of the receptors, such as phosphorylation, may modulate receptor function; in
addition, changes in receptor gene expression can lead to alterations in sensi-
tivity and responsiveness of cells to various signaling molecules (1-3).

Adrenergic receptors are members of the superfamily of GPCRs. Adrener-
gic receptors and their downstream signaling pathways play important roles in
regulation of many catecholamine-induced cellular responses, ranging from
regulation of intracellular concentrations of cAMP to stimulation of gene tran-
scription. Adrenergic receptors are prototypic models for the study of the rela-
tions between cell regulation and receptor regulation of GPCRs (4-6). There
are three major classes of adrenergic receptors (ARs), termed 0;-AR, 0,-AR,
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and B-AR; each of these classes has three known subtypes of adrenergic recep-
tors: ol 5-, Op-, and 0 p-AR; O 4-, Obp-, and 0,-AR; and B;-, B,-, and B5-AR.

The regulation of adrenergic receptor expression has been an area of intense
investigative interest over the past several decades (7—11). Considerable inter-
est has focused on agonist regulation of receptor responsiveness, for example,
desensitization of B-AR activation of downstream effects; posttranslation
modifications in these receptors, especially phosphorylation, play major roles
in these regulatory alterations. Perhaps less well known, but also important are
examples where alterations in cellular responsiveness to catecholamines occur
as a consequence of changes in adrenergic receptor expression; these may be
owing to modification in the rates of receptor gene transcription. For example,
a variety of second messengers and heterologous hormones are known to regu-
late expression of adrenergic receptors (12-16).

Tissue-specific expression and the level of expression of receptor genes are
generally determined by measuring the abundance of the corresponding
mRNA. However, changes in abundance of mRNAs can result from alterations
in the transcription rate or degradation rate of the mRNA. Whether a change in
abundance of mRNA is owing to a change in the receptor gene transcription
can be measured by the nuclear run-on assay through identification of the newly
transcribed products of adrenergic receptor genes (see Note 1). Although rapid
progress in molecular biological techniques has enabled the study of gene
expression in a wide variety of tissues and cultured cells, a nuclear run-on
assay is currently the most sensitive procedure for measuring specific gene
transcription. There are two general methods for nuclear run-on assays, solu-
tion hybridization and filter hybridization, useful in determining transcription
product mRNA of a specific adrenergic receptor gene. The two methods
involve using transcriptionally active nuclei to generate new synthetic RNA in
the presence of labeled nucleoside triphosphate; the newly synthesized RNA is
then isolated. Both methods involve the use of a complementary nucleotide
sequence to detect and quantify selectively the specific labeled mRNA of
interest. For solution hybridization, the hybrids are isolated by filter binding
and are quantitated by scintillation spectrophotometry. In the second method,
hybridization is performed by incubating the labeled RNA probes with a filter
which has been prebound with the unlabeled nucleotide strand. Quantitation is
then performed either by film autoradiography or by a Phosphorlmager System.

In this chapter, we will discuss the filter hybridization method only. We will
present a standard protocol for a nuclear run-on assay using o.[3>P]JUTP to label
nascent RNA transcripts. In recent years, replacing radioactive labeled probes
by nonradioactive ones and detection by chemiluminescence provide an alter-
native method to avoid to the hazardous handling of RNA labeled to a high
specific 3?P activity as in the standard procedure. We therefore will describe a
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method using nonradioactive dioxigenin- (DIG) labeled UTP instead of
32P_labeled UTP to transcribe the RNA with subsequent detection with a chemi-
luminescent system. The standard protocol for nuclear run-on assays involves
multiple steps and is relatively cumbersome and time-consuming. Conse-
quently, we describe a simplified procedure, which will not only save at least
2-3 h of processing time, but also reduce exposure to 3>P and radioactive waste.

2. Materials (see Note 2)

2.1.

1.

2.
3.
4.

2.2.

1.

2.

2.3.

1.

[O8]

Isolation of Nuclei from Tissues

Buffer A: 60 mM KCI, 15 mM NaCl, 0.15 mM spermine, 0.5 mM spermidine,
14 mM B-mercaptoethanol, 0.5 mM ethyleneglycol-bis-(B-aminoethylether)
(EGTA), 2mM ethylenediamine tetra-acetic acid (EDTA), 10 mM N-2-hydroxy-
ethylpiperazine-N-2-ethanesulfonic acid (HEPES) (pH 7.6), 1 mM dithiothreitol
(DTT), 0.5 mM phenylmethylsulfonyl fluoride (PMSF), and 2 pg/mL each of
aprotinin, leupeptin, and bestatin.

Homogenization buffer: 0.3 M sucrose in buffer A.

Cushion buffer: 2.2 M sucrose in buffer A.

Nuclei storage buffer: 50% glycerol, 50 mM HEPES pH 7.6, 2 mM MgCl,,
0.1 mM EDTA, 1.0 mM DTT, 0.1 mM PMSF.

Isolation of Nuclei from Cultured Cells

Phosphate-buffered saline (PBS) wash buffer: 20 mM Tris-HCI, pH 7.5, 20%
glycerol, 140 mM KCIl, 10 mM MgCl,.

Lysis buffer: 0.6 M Sucrose, 0.5% Nonidet P-40, and 0.5 mM DTT. Prepare fresh
from stock solution.

Transcriptional Synthesis of RNA

2X transcription reaction buffer: 10 mM Tris-HCI, pH 8.0, 5 mM MgCl,, 0.3 M
KCI, 0.2 mM EDTA, 1 mM DTT (add fresh).

Nucleotide mix: Prepare mixture with each 100 mM solution of ATP, CTP, and
GTP (Pharmacia) at 1:1:1 ratio. Store frozen in aliquots at —20°C.

HBS buffer: 10 mM Tris-HCI, pH 7.4, 0.5 mM NaCl, 50 mM MgCl,.
Ribonuclease inhibitor: human placental ribonuclease inhibitor (Promega, Inc.)
40 U/uL.

. [0-32P]UTP: Labeled UTP with SA of 800 Ci/mmol. Higher specific activities

can be used if necessary.

DNase I: 10 mg/mL (RNase-free).

SET buffer: 5% sodium dodecyl sulfate (SDS), 50 mM EDTA, 100 mM Tris-
HCI, pH 7.4. Prepare fresh.

Proteinase K: 10 mg/mL, store at —20°C.

RNA extraction buffer (NRO buffer II): 4 M guanidium thiocyanate, 25 mM
sodium citrate, pH 7.0, 0.5 % Sarkosyl, and 0.1 M B-mercaptoethanol. Store at
room temperature.
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13.
14.
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Sodium acetate: 2.0 M, pH 4.0.

RNA dilution buffer: diethylprocarbonate (DMPC)-treated H,0, 20X standard
saline citrate (SSC), and formaldehyde mixed in a volume ratio of 5:3:2.
Phenol and chloroform: Salt-saturated phenol and a 49:1 chloroform:isoamyl
alcohol mix.

Yeast tRNA: 20 mg/mL solution.

Isopropanol and ethanol (70%).

Hybridization
1 M HEPES (free acid).

2. Hybridization buffer: 20 mM PIPES, pH 7.0, 50% formamide, 2 mM EDTA,

b

2.5.

N =

A

2.6.

. Homogenizer: a glass or Teflon-glass Quick-fit (such as a 55-mL Potter) homog-

Nk WD

0.8 M NaCl, 0.2% SDS, 0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bovine
serum albumin (BSA), and 500 g/mL denatured salmon sperm DNA. Make fresh
before use.

20X SSC: 3 M NaCl, 0.3 M tri-sodium citrate, 6X SSC, 2X SSC, and 0.5X SSC
made by dilution of 20X SSC.

RNase A solution: 10 mg/mL.

Scintillation cocktail.

Glacial acetic acid.

Nonradioactive Detection

DIG-labeled UTP (Boehringer Mannheim).

NRO buffer: 4.0 M guanidinium isothiocyanate, 25 mM sodium citrate, pH 7.0,
0.5% Sarkosyl, 0.1 M 2-mercaptoethanol.

PCI: phenol-chloroform-isoamyl alcohol, 24.5:24.5: 1.

0.5% SDS.

Alternate hybridization buffer: 0.5 M sodium phosphate, pH 7.2, 7%.

Wash buffers:

a. 250 mM sodium phosphate, 1% SDS.

b. 100 mM sodium phosphate, 1% SDS.

Equipment for Run-on Assays

enizer is generally used for small amounts of tissue material. For larger amounts
of tissue, use a conventional food mixer or, better, a Ystral homogenizer (Ystral
Gmbh, Dottingen, Germany). Avoid homogenizers that generate ultrasound such
as a Polytron.

Low-speed swinging-bucket centrifuge.

Glass and plasticware.

Scintillation counter.

Laser densitometer.

Phosphoimager.

Standard microscope with fluorescent excitation.
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3. Methods

The standard procedure for run-on assays has been adapted from a protocol
described previously by Greenberg and Bender (17), and has been slightly
modified and successfully used in our lab for measuring the transcription rate
of several adrenergic receptor genes. The procedure can be divided into sev-
eral steps. First, cells are harvested, and the transcriptionally active nuclei are
isolated. The isolated nuclei can be used fresh or frozen in liquid nitrogen,
where they can be stored for up to a year. Fresh or thawed nuclei are then used
for transcription reactions wherein the newly transcribed RNA is labeled with
32p_labled UTP. [*?P]JUTP-labeled RNA is then purified and used to detect spe-
cific RNA transcripts by hybridization to cDNAs that have been prebound onto
nitrocellulose filter or nylon membranes. Finally, the filter or membrane is
exposed to X-film or used in a Phosphoimager System for quantitation of signals.

3.1. Isolation of Active Nuclei (see Note 3)
3.1.1. Preparation of Nuclei from Cultured Cells

1. Remove medium from tissue-culture flasks or dishes (1-5 x 107 cells/assay).
Place cells on ice.

2. Wash flask or dish with 5 mL ice-cold PBS wash buffer. Gently collect cells, and
centrifuge cells for 5 min at 500g (1500 rpm in JS-4.2 rotor) at 4°C. Remove
supernatant completely.

3. Loosen the cell pellet by vortexing at half-maximal speed for 5 s prior to the
addition of 4 mL NP-40 lysis buffer. Continue vortexing as the buffer is added.
Once the lysis buffer is completely added, vortex the cells at half-maximal speed
for an additional 10 s.

4. Allow cells to sit on ice for 10 min. Centrifuge for 5 min at 1500g at 4°C.

5. Discard the supernatant and resuspend the pellet in 4 mL of NP-40 lysis buffer as
in step 3. Centrifuge as in step 4.

6. Discard the supernatant, and resuspend the pellet in 100 UL of storage buffer by
gently vortexing. The resuspended nuclei can be either processed directly in the
next step or frozen in liquid nitrogen and stored at —70°C. The nuclei can be
stored for up to 1 yr.

3.1.2. Isolation of Active Nuclei from Intact Tissues

The method for preparation of transcriptionally active nuclei from rat liver
tissue outlined below is based on previous methods described by Hattori et al.
(18) (see Note 3).

1. Hepatectomies are performed, and the livers (from two rats, body wt about
150-250 g) are cut with scissors into approx 3-mm cubes in 10 mL of homogeni-
zation buffer.
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2. Homogenize tissue gently using a hand or powered homogenizer. Half of the
minced tissue is added to 25 mL of homogenization buffer in a 55-mL Potter
homogenizer and is homogenized with two or three strokes by a motor-driven
Teflon pestle.

3. The homogenate is transferred to a precooled 250-mL cylinder by filtering
through a cheesecloth to remove debris.

4. The remaining half of the tissue is then homogenized following the same procedure.

5. The homogenized tissue (50 mL in solution) is then mixed with 100 mL of cush-
ion buffer (identical to homogenization buffer, except that the concentration of
sucrose is 2.2 M), resulting in a final sucrose concentration of 1.57 M.

6. The homogenate is then laid over 10 mL of cushion buffer in 38-mL polyallomer
ultracentrifuge tubes. The tubes are spun at 18,000g for 50 min at 1°C in an
SW28 ultracentrifuge rotor.

7. The supernatant, including an upper layer of lipids and intact cells, is removed,
and the tube inverted for 10 min in ice to drain the remaining buffer from the
nuclear pellet.

8. At this point, the resulting hepatic nuclei may be flash-frozen in liquid nitrogen
after resuspending the nuclear pellets in 20 mL of nuclear storage buffer.

3.2. The Standard Protocol for Run-On Assays

3.2.1. Transcription Reaction Using [o.-*2P]JUTP
to Label Nascent RNA Transcripts

1. Prepare nuclei fresh or thaw a frozen nuclear suspension at room temperature or
on ice. To a total volume of 200 uL, add 100 uL of 2X transcription reaction
buffer, 2 uL each of 0.1 M ATP, CTP, and GTP, 1 uL 1 M DTT, 100 UL nuclear
suspension (1 x 107 nuclei), 1 uL (40 U) RNase inhibitor, and 10 puL (100 uCi)
[0-3?P]UTP.

2. Allow the transcription reaction to proceed at 30°C for 30 min and then stop by
addition of 0.3 mL HSB buffer containing 200 U DNase I (RNase-free). Mix
with a Pasteur pipet 10 times, and incubate for an additional 10 min at 30°C.

3. (Optional): To determine exclusively the RNA polymerase II-dependent
transcription, transcription is also performed in the presence of ¢-amanitin
(2 pg/mL), and the counts obtained are subtracted from the total counts.

4. Add 20 uL SET buffer and 2 pL proteinase K (20 mg/mL) for 30 min at 37°C.

5. Add 400 pL of extraction buffer and 80 UL of sodium acetate (2.0 M, pH 4.0),
and vortex for 10 s.

6. Add 700 pL of water saturated phenol and 150 pL of chloroform:isoamyl alco-
hol, vortex for 10 s, and allow to sit on ice for 15 min.

7. Centrifuge at 4°C and 12,000g for 5 min. Transfer the aqueous layer to a clean
tube (e.g., Falcon #2059 tube), and add 1-2 puL of tRNA (20 mg/mL).

8. Add an equal volume of cold isopropanol to the tube, mix the tube, and incubate
at —20°C for 20 min. Centrifuge at 12,000g at 4°C for 15 min.
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9.
10.

Wash the resulting pellet with 70% ethanol.
Lyophilize pellet and redissolve in 100 uL of hybridization buffer. Count 1-puL
aliquot (usually typical count is 1-2 X 10% cpm/reaction).

3.2.2. Filter Hybridization Using [a-32P]JUTP-Labeled Transcripts

1.

b

10.

11.

12.

13.
14.

15.

Linearize the single- or double-stranded recombinant plasmid containing the
cDNA fragment of interest with an appropriate restriction enzyme (cut at least
one site; do not digest within cDNA sequence) (see Note 4).

Plasmid containing cDNA fragment of a gene whose transcription does not
change in response to the stimulus is subjected to the same treatment and used as
an internal control.

. Extract plasmid cDNA with phenol, phenol/chloroform, and precipitate with

ethanol.

Dissolve and denature 50—100 pg (5—10 pg/dot) of the resulting cDNA sample
with 0.5 mL of 0.2 M NaOH /2 mM EDTA, and incubate for 15 min at 37°C.
Add 5 mL of 6X SSC to neutralize the cDNA sample.

Spot 5 pg of the denatured plasmid DNA onto nitrocellulose filter or nylon filter
using slot apparatus or dot apparatus (using Minifold II from Schleicher &
Schuell, Keene, NH, if possible, which produces a much better result than dot-
blot apparatus).

. Rinse the slots with 500 uL of 6X SSC, air-dry the filter, and bake for 2-3 h at

80°C in a vacuum.

Prehybridize the filter for 2 h in 400 puL of hybridization buffer.

Remove buffer from the tube, and replace with 250-500 pL hybridization buffer
containing the labeled RNA probe (107 cpm/mL; if signal is faint, use 5 x 107
cpm/mL).

Cover the hybridization mixture plus filter with 100 pL of mineral oil and
hybridize for 36-48 h with shaking at 42°C.

After hybridization, wash the filter twice in 50-100 mL of 2X SSC, and 0.1%
SDS at 65°C for 15 min, followed by wash with 0.5X SSC and in 0.1% SDS at
65°C for 15 min.

Rinse the filter with 2X SSC (no SDS) several times, and transfer the filter to a
glass vial containing 2X SSC, 2.5 ng/mL RNase A plus 5 U/mL RNase T1. Incu-
bate the filter for 30 min at 37°C. This step removes nonspecific binding and
unhybridized RNA.

Wash the filter with 1 mL of 2X SSC for 15 min at 37°C.

Dry the filter on Whatmann 3MM paper. Expose the filter to Kodak XAR-5 film
for 1-2 d at =70°C.

To elute the hybridized RNA, incubate the filters with 200 UL of 0.3 M NaOH for
15 min at 65°C followed by the addition of 50 UL glacial acetic acid and 4 mL of
scintillation cocktail. Count 3?P radioactivity in a liquid scintillation counter. This
value provides the relative rates of transcription of a specific mRNA.
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3.3. The Protocol for Run-On Assay Using Nonradioactive
(Chemiluminescent) Detection

The major disadvantage of the standard procedure for nuclear run-on assays
is the exposure to handling RNA labeled to a high specific activity during the
procedure. A protocol using DIG-labeled UTP instead of 3?P-labeled UTP to
transcribe the RNA with chemiluminescent detection after hybridization has
been developed and described previously (19). Those authors found that the
nonradioactive detection protocol yields reproducible results with low back-
ground signals and is at least as sensitive as the standard run-on procedure (see
Notes 4 and 5).

3.3.1. Transcription Reaction Using Nonradioactive
(Chemiluminescent) Detection

1. Frozen nuclei (100 puL; DNA concentration = 1-2 mg/mL; approx 2-5 x 107
nuclei/reaction) are thawed and mixed with 1 vol 2X reaction buffer, 4 mM ATP,
GTP, CTP, and 3 pL. DIG-UTP (Boehringer Mannheim), 10 nmol/mL.

2. The mixture is incubated for 20 min at 30°C.

3. Ten milliliters of DNase I, RNase-free (10 mg/mL), and 10 uL CaCl, are added,
and then incubated for an additional 5 min at 26°C.

4. After addition of 2 UL proteinase K (10 mmol/mL), 25 uL of SET buffer, and
5 UL tRNA, the solution is incubated for 30 min at 37°C.

5. 550 puLL NRO buffer II and 90 uL 2 M sodium acetate, pH 4.0, are added and
mixed well.

6. The reaction mixture is extracted with phenol-choroform-isoamyl alcohol,
(24.5:24.5:1) (PCI). The aqueous phase is retained for the next step.

7. The aqueous phase is precipitated with 1 vol isopropanol or 2.5 vol ethanol.

8. The pellet is resuspended in 300 L. NRO II precipitated in 0.2 M NaHc, pH 4.0,
and washed in 70% ethanol.

9. The pellet is then resuspended in 20 uL 0.5% SDS.

10. One microliter of probe and of labeled control RNA (from Boehringer Mannheim)
are serial-diluted in 1: 10 steps down to a dilution of 1: 10,000 with RNA dilution
buffer.

11. One microliter of the various dilutions are spotted onto a positively charged
nylon membrane and processed by the direct detection assay according to the
manufacturer’s instructions (DIG System User’s Guide for Filter Hybridization,
Boehringer Mannheim).

12. Spot intensities of the control and experimental dilutions are compared to esti-
mate the concentration of the experimental probe. If a signal is visible after chemi-
luminescent detection in the 1:10,000 dilution, the probe can be used for
hybridization. Otherwise, start again from step 1 of this section.

13. Five microliters of linerarized plasmid DNA are denatured by heat for 10 min at
90°C in 200 pL 6X SSC and transferred to nylon membrane, positively charged
according to procedure described below.
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14.

15.

16.

Blots are hybridized in 10 mL of alternate hybridization solution containing
0.5 M sodium phosphate buffer, pH 7.2, 7% SDS for 12 h at 65°C. Blots are
washed once in 250 mM sodium phosphate buffer, 1% SDS, and two times in
100 mM sodium phosphate buffer, 1% SDS for 15 min at 65°C each.

The DIG-chemiluminescent detection procedure is performed following the
instructions in the DIG Nonradioactive Nucleic Acid Labeling and Detection
System (Boehringer Mannheim).

Optimal exposure times of X-ray films are generally between 1 and 6 h.

3.4. Simplified Protocol for the Nuclear
Run-On Transcription Assay (See Note 6)

1.

b

After run-on assay is conducted as described in Subheading 3.2.1., step 1, the
reaction is stopped by addition of 0.3 mL HBS buffer containing 200 U DNase I
(RNase-free). Mix with Pasteur pipet 10 times before incubation, and incubate
for an additional 10 min at 30°C.

Add 2.5 puL of yeast tRNA (20 mg/mL).

Nuclear RNA is isolated by adding uL of RNA extraction solution (NRO buffer
II), 700 pL of water-saturated phenol, and 150 UL of chloroform isoamyl alcohol
(49:1), vortex for 10 s, and allow to sit on ice for 15 min.

Centrifuge at 4°C and 12,000g for 10 min. Transfer the aqueous layer to a clean
tube, and add an equal volume of cold isopropanol to the tube, mix the tube, and
incubate at —20°C for 1 h. Centrifuge at 12,000g at 4°C for 15 min.

Wash the resulting pellet with 70% ethanol.

Lyophilize pellet and redissolve in 100 pL of hybridization buffer. Count 1-puL
aliquot (usually typical count is 1-3 X 10° cpm/reaction).

The remaining steps for filter hybridization using the 3?P-labeled RNA probe are
performed as described in Subheading 3.2.2.

4. Notes

1.

Two terms “run-off” and “run-on” have often been used to describe this method,
namely, nuclear run-on and nuclear run-off assays. In most publications, authors
have used either of the two terms with similar meanings.

Care must be taken to avoid disruption of lysosomes and the release of ribonu-
cleases. It should be remembered that the procedure involves the isolation of
RNA, and therefore, all appropriate precautions must be taken to avoid RNase
contamination of the sample and of the buffers, e.g., use of sterile plasticware or
baked glassware, continual wearing of gloves, preparation of buffers in RNase-
free containers, and using RNase-free salts and RNase-free water. If buffer solu-
tions are treated with diethyl pyrocarbonate (DEPC) to inactivate RNase, all
traces of the DEPC must be removed from the solutions to prevent inactivation of
RNA polymerase, e.g., autoclave buffers for two cycles.

It is important that nuclei be prepared with minimal damage to maintain them in
the transcriptionally active state. Procedures for isolation of nuclei will vary
slightly from tissue to tissue or from cell to cell, and must be derived empirically.
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4. One of two major disadvantages of the standard protocol described above is the

handling of RNA labeled to a high specific activity throughout the whole proce-
dure. To avoid this situation, the use of a nonradioactive method to label RNA is
attractive. Other advantages of using the nonradioactive protocol include the
long-term storage of the labeled RNA probe (up to 1 yr) and the reuse of hybrid-
ization solutions. The results illustrated in ref. 19 described by Merscher et al.
demonstrate that a nonradioactive run-on assay using chemiluminescent detec-
tion offers a safe and highly sensitive technique for measurement of the tran-
scription rate of gene expression.

In a previous description of probe preparation, we employed a protocol for prepa-
ration and use of a double-stranded DNA probe (17). It has been reported that the
use of double-stranded probes may give misleading results owing to the presence
of antisense transcripts of uncertain importance (20,21). Consequently, it is
important to distinguish between sense and antisense transcription in a nuclear
run-on assay. For this reason, the use of single-stranded probes should be the
procedure of choice in nuclear run-on assays (22).

Several simple procedures of the nuclear run-on assay have been described by
different investigators (23,24). The major modification of the simple procedure
in comparison to the standard procedure is the elimination of proteinase K diges-
tion and second-round guanidine thiocyanate solution treatment. This modifica-
tion greatly facilitates the performance of the transcription assay by reducing the
labor-intensive process of nuclear RNA isolation. The described protocol is
mainly based on the procedure described in ref. 23, and has been modified and
conducted in our laboratory.
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Primer Extension Methods for Determination
of B,-Adrenergic Receptor mRNA Start Sites

Yi-Tang Tseng and James F. Padbury

1. Introduction

Primer extension is often used to map the 5" end of RNA (I). A single-
stranded, end-labeled DNA primer is hybridized to RNA first. Using an RNA-
dependent DNA polymerase (reverse transcriptase [RT]) and nonradioactive
deoxynucleotides, the primer is extended to yield cDNA. The cDNA is then
analyzed on a sequencing gel to determine nucleotide length. The length of the
cDNA reflects the distance between the primer and the 5" end of RNA, and
hence, maps the transcription start sites.

The transcription start sites of the [3;-adrenergic receptor (3;-AR) gene in
mouse and sheep have been reported (2,3). Probably owing to the extreme
G-C-rich nature of the 5" flanking region of the 3;-AR gene, the mapping of
exact transcription start sites of this gene has eluded many investigators. With
improper primer design, primer extension experiments often fail to yield dis-
crete results, and sometimes lead to conflicting or false results. In our labora-
tory, we used RNase protection assays to assess the approximate location of
transcription start sites (3). This allowed flexibility in choosing a location for
potential primers and for optimization of the length of the cDNA product. Data
obtained from RNase protection assays were used to help design the primers in
primer extension experiments (Fig. 1). The detailed protocol for RNase pro-
tection assay has been described elsewhere in this volume. This chapter will
focus only on the protocol for primer extension.

From: Methods in Molecular Biology, vol. 126: Adrenergic Receptor Protocols
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Fig. 1. RNase protection assay was first used to estimate the approximate location
of the transcription start sites of B;-AR gene. (A) Three ovine 3;-AR nested deletion
constructs, spanning the 5 sequence from —1157 to +175 relative to the initiator
methionine (lanes 2, 7, and 10; B, lane 1), were linearized and used as the templates
for in vitro transcription using T7 RNA polymerase. The larger probes (lanes 7 and 10)
did not overlap the transcription start sites and were fully protected except for deletion
of vector sequences generated during in vitro transcription (lanes 5-6 and 8-9). The
smallest probe (lane 2) overlapped the transcription start sites and was not fully pro-
tected (lane 1). Lane 3, Boehringer Mannheim DNA mol-wt marker V. Lane 4, Hincll
digest of ¢x174 DNA mol-wt marker. (B) Another probe overlapping the transcription
start sites was used to confirm the results from (A) lanes 1-2. Both predicted the same
transcription start sites more than 550 bp upstream from the initiator methionine. (C)
A schematic of the RNase protection assay results. (D) To map the precise location of
transcription initiation, a primer extension experiment was performed using a 30-mer
primer approx 100 bp upstream from the estimated transcription start sites. The pre-
dominant start site was at —660 bp relative to the translation start site with less preva-
lent start sites at =661 and —665.
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2. Materials

Lol o

® oW

N

11.
12.

13.

14.
15.

16.
17.
18.
19.

20.
21.

Primer, 100 pg/mL, (see Note 1).

[v-?P]ATP, 10 mCi/mL, >5000 Ci/mmol (Amersham, Piscataway, NJ).

T4 Polynucleotide kinase, 10 U/uL (Promega, Madison, WI).
Phenol/chloroform, TE-saturated phenol, pH 8.0:chloroform:isoamyl alcohol
=50:49:1.

4 M Ammonium acetate.

3 M Sodium acetate, pH 5.5.

0.5 M ethylenediamine tetra-acetic acid (EDTA), pH 8.0.

Ethanol, 100 and 70%.

Total RNA, prepared from sheep heart.

RNasin ribonuclease inhibitor, 20 U/uL (Promega).

dNTP, 10 mM each.

10X Kinase buffer: 700 mM Tris-HCI, pH 7.5, 100 mM MgCl,, 50 mM
dithiothreitol, 1 mM spermidine HCl, I mM EDTA, pH 8.0.

Hybridization buffer: 0.4 M NaCl, 20 mM Tris-HCI, pH 7.6, 1 mM EDTA, pH
8.0, 0.1% sodium dodecyl sulfate (SDS).

Moloney Murine Leukemia Virus (M-MLV) RT, 200 U/uL (see Note 2).

5X RT buffer: 0.25 M Tris-HCI, pH 7.6, 0.375 M KCl, 15 mM MgCl,, 50 mM
dithiothreitol.

Formamide gel-loading buffer: 80% deionized formamide, 10 mM EDTA, pH
8.0, 1 mg/mL xylene cyanole FF, 1 mg/mL bromophenol blue.

DNase-free bovine pancreatic RNase, 0.5 mg/mL (Boehringer Mannheim, India-
napolis, IN).

Tris-EDTA (TE) buffer.

Autoclaved deionized water.

A benchtop microcentrifuge capable of up to 12,000g, e.g., Eppendorf 5415C.
Polyacrylamide gel electrophoresis apparatus and reagents.

3. Methods
3.1. Primer Labeling

1.

4.

In an Eppendorf tube, mix the following:

20 uL [y-°P]ATP

1 uL primer

3uL 10X kinase buffer

1 uL T4 polynucleotide kinase

5 uL water
Mix gently and incubate for 30 min at 37°C.
Heat for 5 min at 65°C to inactivate the kinase.
Phenol/chloroform extraction: Add 30 UL phenol/chloroform. Vortex for 1.5 min
and centrifuge at 12,000g in a benchtop microcentrifuge for 3 min. Transfer
28 uL of the upper layer to a fresh tube. Add 28 uL. 4 M ammonium acetate and
56 uL of 100% ethanol. Mix and precipitate for 30 min at —70°C.
Centrifuge at 12,000g in a microcentrifuge for 15 min at 4°C. Decant the super-
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natant. To minimize the unbound [y-3*P]ATP, an ammonium acetate/ethanol pre-
cipitation step is repeated. The pellet is washed once with 70% ethanol.

5. Dissolve the final pellet in 50 uL. TE buffer. Count 1 UL by liquid scintillation
counting. Dilute with TE buffer to a final concentration of 10,000 cpm/uL.

3.2. Hybridization

1. The labeled primer is first coprecipitated with the ovine heart total RNA: Mix
10 uL of the labeled primer (total = 100,000 cpm) with 50 uL RNA and 3 uL. 3 M
sodium acetate, and then add water to a final volume of 30 uL. Add 60 uL 100%
ethanol, and store for 30 min at =70°C.

2. Centrifuge at 12,000g in a microcentrifuge for 15 min at 4°C. Wash once with
70% ethanol.

3. Decant the supernatant, and dry the pellet. Resuspend in 30 UL hybridization
buffer (see Note 3).

4. Heat for 10 min at 85°C, and then immediately quench on ice to denature RNA.

5. Incubate for 4 h at 37°C (see Note 4).

6. The RNA/DNA hybrid is then precipitated: Add 3 pL. 3 M sodium acetate and
200 uL 100% ethanol. Mix and store for 30 min at —70°C.

7. Centrifuge at 12,000g in a microcentrifuge for 15 min at 4°C. Wash once with
70% ethanol. Dry the pellet, and prepare for primer extension step.

3.3. Primer Extension

1. Place the tube with the pellet on ice and add the following:

2 uL dATP, 10 mM
2 uL dTTP, 10 mM
2 uL dGTP, 10 mM
2 uL dCTP, 10 mM
4 uL 5X RT buffer
1 uL RNasin ribonuclease inhibitor
1 uL M-MLV RT
6 uL Water.
2. Mix gently and incubate for 90 min at 42°C.
3. Add 1 pL 0.5 M EDTA and 1 pL. DNase-free bovine pancreatic RNase.
4. Incubate for 30 min at 37°C.
5. Perform one phenol/chloroform extraction (see Subheading 3.1., step 3).
6. Dissolve the pellet in 4 uLL TE, and add 4 uL formamide-loading buffer.
7. Boil for 3 min, and quench on ice.
8. Load 3.5 uL onto a sequencing gel along with a sequencing ladder created by
using the same primer.
4. Notes

1. The primer is a synthetic 30-mer oligonucleotide. Primer location and sequence
are dictated by the results of the RNase protection assay. A rule of thumb is to
avoid the region of RNA that may form difficult secondary structures. To avoid
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premature termination of primer extension caused by high G-C content in the
B;-AR promoter, it is important to use a primer located within 100 nucleotides of
the start sites.

2. For best results, M-MLV RT is the first choice of enzyme compared to AMV RT
because of the former enzyme’s weaker ribonuclease H activity. There are com-
mercially available M-MLV RTs, which are free of intrinsic ribonuclease H
activity.

3. Do not overdry the RNA pellet. Overdried RNA can be very difficult to resus-
pend. After decanting, place the tube upside down on several layers of absorbing
paper to drain most of the excess ethanol. Any remaining liquid adhered to the
tube wall can be centrifuged to the tube bottom using a brief spin. Use a fine pipet
tip to drawn the liquid out. Resuspend the pellet right before the pellet turns
invisible.

4. Alternatively, hybridization can be performed overnight at 30°C. However, the
optimal condition of hybridization will vary depending on the primer length
and G-C content. A preliminary experiment can be used to determine optimal
conditions.
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Use of Eukaryotic Vectors for the Expression
of Adrenergic Receptors

Stéphane Schaak, Jean-Christophe Devedjian, and Hervé Paris

1. Introduction

As in many other fields of research in biology, the technology of expressing
cloned genes in eukaryotic cells has become an increasingly important method
for the study of adrenergic receptors (ARs). As developed in Chapter 14, sub-
stantial expression of adrenergic receptors can be achieved using different host
organisms, including bacteria and yeast. Expression in higher eukaryotic cells
is, however, of particular interest because these cells: (1) possess the machin-
ery for proper processing, delivery, and insertion of the recombinant receptors
into the membrane; and (2) generally express the GTP binding proteins and
the other effector proteins responsible for propagation and amplification of the
signal triggered by receptor agonists.

Mammalian cells transfected with expression vectors containing the cDNA
encoding wild-type or mutated forms of the different adrenergic receptor sub-
types are then used not only to produce large quantities of well-defined recep-
tor material suitable for the screening of new subtype-selective adrenergic
drugs, but also to examine:

The interaction of the adrenergic receptor subtypes with the various forms of
G-proteins (1) and their coupling to different signal transduction pathways (2,3),

The properties of constitutively active mutants of receptors (4,5),

The subcellular localization and the metabolism of the receptor protein within
differentiated or undifferentiated cells (6,7),

The role of intracellular domains and/or of specific amino acid residues in recep-
tor phosphorylation, desensitization, and internalization (8,9),

The importance of posttranslational modifications, such as glycosylation and
acylation, in receptor membrane delivery (10).

From: Methods in Molecular Biology, vol. 126: Adrenergic Receptor Protocols
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The purpose of this chapter is to describe the tools and techniques that have
been used to express adrenergic receptors in mammalian cells. First, the char-
acteristics of the different expression vectors and the principles of the various
transfection techniques that are necessary to achieve this goal are reviewed
(see Note 1). Next, the construction of bicistronic vectors for expression of
human o,-AR subtypes is detailed, and the DEAE—-dextran and calcium-
phosphate transfection methods are described. Finally, some of the functional
characteristics of a,-ARs expressed in COS-7 and 3T3F442A cells will be
briefly reported.

1.1. The Eukaryotic Vectors

A large variety of vectors for expression in eukaryotic cells are described in
the literature. The different types of plasmids that have been used to express
adrenergic receptor in eukaryotic cells can be classified into three groups, spe-
cifically: monogenic, bigenic, and bicistronic vectors. The general characteris-
tics of these plasmids are depicted in the Fig. 1.

1.1.1. Monogenic Vectors

Monogenic vectors are the simplest form of expression plasmids. Briefly,
they consist of a single transcription unit containing a strong promoter (SV40,
CMV or RSV) for high-level constitutive expression in a large variety of mam-
malian cell lines, a series of unique restriction sites for insertion of the gene of
interest, and a polyadenylation signal and site for transcriptional termination.
They also generally contain a sequence responsible for mRNA stabilization
(B-globin intron, for instance). Examples of monogenic vectors used for
expression of adrenergic receptors include pSVL (11), pRKS5 (12), pBC12BI
(7), pPCMV4 (10), or pSGS5 (13). By themselves, such vectors allow transient
expression only. Generation of stable transfectants requires cotransfection with
a second vector carrying an antibiotic resistance gene.

1.1.2. Bigenic Vectors

In contrast to monogenic vectors, bigenic vectors are designed to allow both
transient and stable transfection. This feature is owing to the fact that these
plasmids contain two transcription units, which encode the protein of interest
and a selectable marker. Typical examples of bigenic vectors used for adrener-
gic receptor expression are pcDNA3 and pREP4 (7). In pcDNA3, the expres-
sion of the gene of interest and that for neomycin resistance is under the control
of CMV and SV40 promoters, respectively. There are now several variants of
pcDNA3 (pcDNA3.1/Zeo, pcDNA3.1/Hygro, pcDNA6, pcDNA3.1/Myc-His)
that differ from the original vector by incorporating different antibiotic resis-
tance genes (zeocyn, hygromycin, blasticidin) or by the insertion of C-terminal
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Fig. 1. Schematic organization of the three classes of eukaryotic expression vec-
tors. All expression vectors contain an origin of replication (Ori) and the B-lactamase
gene conferring resistance to ampicillin (Amp), for propagation in E. coli. They also
contain a strong promoter (SV40 or CMV), a multiple cloning site (MCS) to insert the
gene of interest and polyadenylation site and signal (pA) for eukaryotic expression.
(A) Monogenic vector pSG5: The single transcription unit is driven by the SV40 pro-
moter and contains a sequence for the stabilization of the mRNA (intron of the
[-globin gene, BG-I). (B) Bigenic vector pcDNA3: The gene of interest is inserted into
the first transcription unit, driven by the CMV promoter. The second transcription unit
is driven by the SV40 promoter and contains the aminoglycoside phosphotransferase
gene conferring the resistance to G418 (Neo). There is no stabilization sequence to
minimize the size of the vector. Moreover, the polyadenylation sites of the two genes
are from different origins (SV40 and B-globin, respectively, SV-pA and BG-pA) to
avoid potential homologous recombination. (C) Bicistronic vector pIRES1neo: The
gene of interest and the Neo gene belong to the same transcription unit driven by
the CMV promoter. They are separated by an Internal Ribosome Entry Site (EMCV).
The stability of the mRNA is enhanced by the presence of the SV40 intron (SV-I).

sequences suitable for detection with antibodies (c-myc or V5 epitope) and for
affinity purification (His-tag). Another variant of pcDNA3 is pMAMNeo. This
vector, which contains the RSV LTR-enhancer linked to glucocorticoid-
inducible mouse mammary tumor virus long terminal repeat (MMTV LTR),
was used for dexamethasone-controlled expression of o,-ARs (14). Other
examples of bigenic vectors that were successfully used to produce recombi-
nants expressing high levels of adrenergic receptors include: pZIP-NeoSV (4)
and pJM16 (5), in which expression is under the control of the MLV LTR and
of the human B-actin promoter, respectively, or pPBMT3X (15), a vector con-
ferring cadmium-resistance.

1.1.83. Bicistronic Vectors

The key feature of bicistronic vectors lies in the fact that the gene to be
expressed and the antibiotic resistance gene are both contained within the same
transcription unit. Expression of the second gene is possible because of the
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insertion of an internal ribosomal entry site (IRES) following the stop codon of
the first open reading frame (ORF). Different types of IRES have been charac-
terized and may be used, but the IRES derived from encephalomyocarditis
virus (EMCV) appears to be the most efficiently utilized IRES in a large vari-
ety of mammalian cells (16). Such expression vectors are of particular interest
for the development of permanently transfected cells, because they yield small
proportions of false positives, thus minimizing the number of colonies to be
screened to find functional clones. Indeed, every clone that is resistant to the
antibiotic obligatorily contains the mRNA for the gene of interest, and is thus
very likely to express the protein. The use of bicistronic vectors also leads to a
better correlation between the concentration of G418 used and the level of
expression achieved than with other vectors. A series of bicistronic vectors
(pIRES1) are now commercially available from Clontech (Palo Alto, CA).
These vectors allow either antibiotic-based (neomycin or hygromycin) or
FACS-based (green fluorescent protein; GFP) selection of transfectant populations.

1.2. The Mammalian Cell Lines

A wide panel of mammalian cell types were used for expression of recombi-
nant adrenergic receptors. This list includes: SV40-transformed African green
monkey kidney (COS), chinese hamster ovary (CHO), chinese hamster
fibroblast (CHW), chinese hamster lung fibroblast (CCL39), human
B-lymphoblastoid cells (IBW4), rat fibroblasts (Rat-1), mouse fibroblasts
(NIH-3T3), neuroblastoma x glioma hybrid cell (NG 108-15), Madin-Darby
canine kidney (MDCK), pig kidney epithelial cell (LLC-PK1), mouse pituitary
cell (AtT20), human embryonic kidney fibroblasts (HEK 293), human epider-
moid carcinoma (A431), rat pheochromocytoma (PC12), and mouse mammary
tumor (S115 and C127).

1.3. The Transfection Methods

Methods developed to introduce foreign DNA into mammalian cells can be
schematically classified into three groups, specifically charge neutralization,
lipidic interaction, and physical techniques. A fourth method termed transvec-
tion is based on the use of retroviruses. This very efficient method will not be
discussed here, because it has not yet been utilized for adrenergic receptor expres-
sion and because it requires special vectors and equipment to prepare viruses.

1.3.1. Charge Neutralization Techniques

The general principle of these transfection methods is to neutralize the nega-
tive charges of the DNA either with polycationic compounds or by inorganic
precipitation. The most largely used polycations are the DEAE—dextran (a
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carbohydrate interacting with the glycosylated components of the membrane)
and the polylysine—transferrin conjugate (a complex binding to the transferrin
receptors expressed in dividing cells). In the DEAE—-dextran procedure, the
entry of the adsorbed complex into cells is provoked by a brief osmotic shock
(generally using dimethyl sulfoxide [DMSO]), whereas the polylysine—
transferrin technique exploits the property of transferrin receptors to be spon-
taneously internalized. Another method belonging to this group is based on
the use of polyethylenimine (PEI). PEI is highly protonable and is therefore
able both to interact with negatively charged DNA and inhibit degradation in
lysosomes, where it acts as a “proton sponge.” Lysosomic degradation is
indeed a limitation to the expression of exogenic DNA. Different systems were
therefore developed to inhibit this event. They include treatment with chloro-
quine or use of viral particles for lysosome neutralization or disruption.

On the other hand, the calcium—phosphate transfection method is based on
coprecipitation of the DNA with calcium and phosphate. The resulting precipi-
tate is adsorbed onto the cell surface and enters the cell either by spontaneous
endocytosis or osmotic shock (generally using glycerol). This procedure
ensures the entry of a very high number of plasmid copies, and therefore, allows
high-level expression and augments the probability of genomic insertion when
performing stable transfection.

1.3.2. Lipidic Interaction Techniques

In the transfection process utilizing lipidic compounds (lipofection), the
DNA is packaged into lipidic particles or liposomes, which will fuse with
the plasma membrane and deliver the DNA into the cytoplasm. This method is
generally regarded as the most “physiological” transfection procedure. It is
very simple to implement and works on a larger panel of cell lines than charge
neutralization techniques. However, for investigators lacking expertise in lipid
synthesis, lipofection reagents must be purchased from commercial compa-
nies, thus making the technique somewhat expensive. Numerous lipofection
kits (lipofectin, lipofectamin, transfectam, TFX, fugene-6) containing either
positively charged lipids or neutral lipids, or a combination of both are now
available. If working with refractory cells, the development of the good cock-
tail giving satisfactory results may be difficult to determine. Interestingly,
lipofection often permits reaching high levels of transfection efficiency and,
thus, can significantly minimize the quantities of cells and DNA used.

1.3.3. Physical Techniques

Electroporation is the principal technique belonging to this group. This
method creates holes in the plasma membrane by applying a brief high-voltage
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electric field to the cells. Electroporation offers at least two advantages: it is
virtually applicable to all cells, and it can be used to introduce other macromol-
ecules (RNA, proteins, antibodies). Unfortunately, this technique is rather
expensive, because it requires costly disposable material and necessitates very
large quantities of DNA and cells. Moreover, electroporation is frequently of
low efficiency (except for easily transfectable cells) and generates a high cellu-
lar mortality. Consequently, this method is suitable for some transfections (gen-
eration of stable transformants for instance), but is less adapted to the study of
large series of constructs (as for promoter analysis or methodical mutagen-
esis). Generally, only a few molecules of DNA penetrate the cell; thus, the
expression levels are below those reached with the calcium phosphate tech-
nique, especially in stable transfection experiments. Therefore, electroporation
should be considered only after the other above-cited techniques have failed.
Another physical technique is the “DNA gun,” which shoots colloidal gold
particles containing adsorbed foreign DNA into cells.

2. Materials
2.1. Vector Construction

Chemically competent Escherichia coli (strain DH50.).

Growth medium (LB and LB-agar plates) and antibiotics (ampicillin, methicillin).

Restriction enzymes and T4-DNA ligase.

DNA purification kits were from Qiagen (Chatsworth, CA).

Other required laboratory equipment includes gel boxes and power supply for

agarose electrophoresis, and UV illuminator for BET-stained gel visualization.

6. Plasmids containing the entire ORFs of human o,-AR genes were kindly pro-
vided by R. J. Lefkowitz, Duke University, Durham, NC (pBCo2C2, pSP02C4)
or purchased from ATCC (HPalpha2GEN).

7. The plasmid pEN was constructed on the pBluescript II KS+ backbone (pKS,

Stratagene, La Jolla, CA) and was a gift from H. Prats, Institut Louis Bugnard,

Toulouse, France (17). As indicated in the map presented in the Fig. 2, it contains

an expression cassette comprising:

The human cytomegalovirus major immediate early promoter/enhancer
(CMV).

A multiple cloning site.

The EMCYV internal ribosome entry site.

The neomycin phosphotransferase gene.

The rabbit -globin genomic sequence (nt + 905 to +2080 referring to 3-globin
map) containing an intron for mRNA stabilization and a signal for
polyadenylation (IVS2p).

The SV40 origin, which allows episomal replication in cells transformed by
the large T-antigen of SV40.

Nk L=
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Fig. 2. Map of the bicistronic expression vector pEN. The pEN vector is 5.7 kb in
size. It contains a bacterial origin of replication (Ori) and the B-lactamase gene (Amp).
For eukaryotic expression and selection, pEN also contains a cassette comprising the
human cytomegalovirus major immediate early promoter/enhancer (CMV), a multiple
cloning site, the internal ribosomal entry site derived from encephalomyocarditis virus
(EMCYV), the neomycin gene (Neo), and a genomic fragment of the rabbit B-globin
(IVS2P). In addition, pEN contains the SV40 origin of replication (SV).

2.2. Cell Culture and Transfection
2.2.1. COS-7 and 3T3-F442A Cell Lines

COS-7 cells are routinely subcultured in Dulbecco’s Modified Eagle
Medium (DMEM) containing 4.5 mg/mL glucose, 100 U/mL streptomycin,
100 ug/mL penicillin, and supplemented with 5% heat-inactivated fetal calf
serum. 3T3-F442A cells are grown in the same culture medium but supple-
mented with 10% donor calf serum.

2.2.2. DEAE—Dextran Transfection Method

The DEAE—-dextran transfection method was initially described by
McCutchan and Pagano (18) and is specifically tailored for COS cell transfec-
tion. There are several modified versions of the original technique, and kits are
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commercially available. This transfection procedure is, however, simple and
works very well with in-house-prepared reagents.

1. DEAE-dextran, chloroquine, DMSO, and all other chemicals were from Sigma
(St. Louis, MO).
2. Phosphate-buffered saline (PBS): for 1 L, 8 g NaCl, 0.2 g KCI, 1.75 g
Na,HPO, - 12 H,0, and 0.24 g KH,PO,, adjust the pH to 6.95 with HCI. Sterilize
by autoclaving, and store at room temperature.
Plasmid DNA was purified on Qiagen columns.
Chloroquine stock (prepare fresh): 20 mg/mL in PBS, sterilize by filtration.
5. DEAE dextran stock (prepare fresh): 10 mg/mL in PBS (DEAE-dextran is diffi-
cult to dissolve; mix several time; do not heat).
6. Culture media (prepare fresh):
a. Serum-free DMEM.
b. Regular culture medium: DMEM + 5% heat-inactivated fetal calf serum
(FCS).
c. DMEM + chloroquine 80 uM: 2 uL of chloroquine stock per mL of serum-
free DMEM
d. Shock medium: DMSO 10% (v/v) in serum-free DMEM

2.2.3. Calcium Phosphate Transfection Method

W

The calcium phosphate transfection method was first reported by Graham
and Van der Eb (19). It is routinely used for both transient and stable transfec-
tion of a large variety of mammalian cell lines. As for the DEAE—dextran
method, transfection kits can be purchased from several companies. However,
the technique does not present any particular difficulty, and the protocol
detailed below works well with in-house prepared solutions.

1. CaCl, and N,N-bis(2-Hydroxyethyl)-2-aminoethanesulfonic acid; 2-(bis[2-
Hydroxyethyl]amino)-ethanesulfonic acid (BES) are from Sigma cell culture.

2. CaCl, solution: prepare a 2 M CaCl, solution in ultrapure H,O; sterilize by filtra-
tion and store at —20°C into 1-mL aliquots.

3. 2X concentrated BBS: for 1 L, 10.66 g BES, 16.36 g NaCl, and 0.402 g
Na,HPO, - 7 H,0O. The critical parameter of this technique is the pH of BBS.
Optimum pH is between 6.95 and 7.05. It is thus preferable to prepare five
200-mL aliquots of the same solution at different pHs (6.90, 6.95, 7.00, 7.05, and
7.10). Sterilize the solutions by autoclaving and store them at 4°C.

The quality of the solutions can be tested as follows: dilute 100 uL of 2 M
CaCl, solution within 700 puL of H,O. Then add dropwise 500 pL of this 250 mM
CaCl, into 500 pL of 2X concentrated BBS, and mix well by vortexing. Leave
for 30 min at room temperature to allow precipitate formation. The fineness of
the precipitate can be assessed under the microscope. Test satisfactory batches
by transfecting cells (see Subheading 3.2.2.) with an expression vector contain-
ing a strong promoter and an easily detectable reporter gene (B-galactosidase,
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luciferase, or GFP. Analyze 48 h later with appropriate assay (X-Gal staining,
enzymatic activity or fluorescent microscopy).
4. Glycerol shock solution: glycerol 15% (v/v) in PBS.

3. Methods

3.1. Construction of Bicistronic Vectors for Expression
of a,-Adrenergic Receptor Subtypes

The design of bicistronic plasmids for expression of human o,-AR sub-
types (0g-AR, 0,c-AR and o,,-AR) is described in the following sections.
By following some basic recombinant construction rules (see Note 2), similar
constructs containing other adrenergic receptor subtypes can be obtained using
adapted cloning strategies and commercially available bicistronic vectors (see
Subheading 1.1.3.).

The construction of the vectors requires molecular biology techniques,
including transformation of E. coli, plasmid purification, restriction enzyme
digestion, agarose gel electrophoresis, DNA fragment isolation and ligation.
These standard methods are detailed in other manuals (20,21).

3.1.1. Construction of pa2C2ENeo

The PBCo2C2 is a monogenic expression vector that was constructed in
R. J. Lefkowitz’s laboratory (22).

1. pBCo2C2 was digested with Nael an