
SODIUM
POTASSIUM
CHLORIDE
CALCIUM1
MAGNESIUM
Phosphate

requriements
500mg
>2000 mg
>750 mg
1000-1300mg
310-400 mg
4 g/ day

mmol eq.
23 mg






[ serum ]
135-145mEq/L

93% of serum cations
3.5-5.5 mEq/ L
95-105 mEq/L
8.5-10.5 mg/dL
1.3-2.1 mEq/L
Pi- 2.5-4.4 mg/ dL

[ intracellular ]







daily loss
115mg

(115 mg)
200-270 mg



1calcium serum concentration is corrected for low albumin:  (4 - albumin) x 0.8 + serum Ca 

-1g NaCl = .4g Na+ and .6g Cl-

High Blood Pressure-  (Na intake can lead to hypernatremia, ( blood volume and hypertension.  This is called “salt sensitivity.”  Recent evidence suggests that hypokalemia or (Na/K are better correlated w/ HBP (and stroke).  ( K intake is associated w/ raising BP in normotensive patients who can become “salt sensitive.”

VIT
DIGESTION
ABS. Loc
ABSORPTION- HIGH CONC.
ABSORPTIONLOW CONC.
FACTORS   +/- ABS.
TRANSPORT
CELLULAR UPTAKE
METABOLISM
STORAGE
EXCRETION

A
esterases (esp. (-carotene),

dietary fats,

bile acids

micellar diffusion
carrier mediated

abs- chylomicorns; from LV- retinol- RBP/ trans-thyretin, RA: LDL/VLDL

 (-carotene- VLDL
LV- apo B/ E rec.(endocyt.

cell- CRBP, CRABP
Retinol((Retinal

-req. Zn+2, ADH, NADP

(-carotene(retinal

-req. vit. E, thyroxine, 15,15’dioxygenase

retinal(retinoic acid

-req. retinal oxidase
liver- 90%, adipose (primarily (-carotene), stellate cells
retinol(retinyl glucuronide (ent-hep. circ( LV; retinal(RA( RA gluc- uronide(urine or feces

D
bile acids
jejunum, ileum
micellar diffusion
carrier mediated

Vit D BP
receptor mediated endocytosis
LV- D3(25(OH)D3

KD- (1,25(OH)2D3
liver
1( in bile, some lost in urine

K
 dietary fats, bile acids
phyloq.-  jejunum

menaq.-  ileum
phylaq.-  AT

menaq.-  passive
carrier mediated
(-)A, E
nonalkylated w/ LP

(all forms)

Vit K cycle:  coverted to coarboxylated Glx 
1(in liver although daily turnover
1( bile, also H2O soluble metabolites conjugated. and secreted in urine

E
esterase,

dietary fats, bile acids
jejunum
nonsat. PT
carrier mediated

LDL,HDL, tocoph. BP
LDL  receptor mediated,  lipoprotein lipase hydrolysis of chylomicrons and VLDLs



adrenals, adipose (very slow turnover, pituitary, muscle
(-TC:  feces, bile, conj.(urine

*all fat solubles need bile and panc. nzms

C
n/a
jejunum
AA- sat. Na dep AT

DHAA- sat. PT
same
(-) aspirin, pectin, Zn, >400mg/day
AA-free or albumin

DHAA- albumin
free or active uptake;  KD- Na dep. AT

high-pituitary, adrenals

other:Br, LV, KD, LU, PN, WBC, RBC, musc.
AA(DHAA(diketogulonate(
-oxalic acid(urine or xylose( CO2, H2O

Folate
(-glutamyl carboxypeptidase

(FBP in milk protects from bacterial digestion)
duodenum

milk: ileum/ jejunum 
diffusion
sat. pH/Na dep AT, Folate BP
(+) glucose, w/o food
monoglut.- 1/3 free, 2/3- FBP, albumin,(2-macroglob
Na dep.carrier mediated
THF(polyglutamate or 5methyl THF
as polyglutamate 50% in LV
bile or urine with little or no catabolism

B12
pepsin, IF, r-proteins, trypsin, HCO3-
ileum
diffusion
Ca dep AT
(-) >500mg C
transcobalamins: 1-circ. storage, 2-newly abs.,         3-tissue to liver
receptor  mediated endocytosis
freed from TC2(methyladated or reduced(adenosyl-
adenosyl->hydroxo-> methyl.  LV, muscle, bone, KD, HT, Br, SP
very little

B6
dephos-phorylationn
jejunum/ ileum
diffusion
n/a
(-) glycosides
plasma proteins, albumin
only dephosphorylated form taken up
entero.- phophorylated

PL((Hb,  PLP((Hb
LV-  PNP, PMP

muscl- PLP(glycogen)
PL or PM( pyridoxic acid

B1

Thia-

mine
alkaline phosphatase

diffusion
Na dep. AT
(-) flavonoids, hydroxypoly-phenols
free, albumin

protein bound, P-esters

free in breast milk, CSF 
none
whatever isn’t bound( free form or TMP

B2

Ribo-flavin
alkaline phosphatase, FAD pyro-/FMN-phophatase proteases
duodenum, upper jejunum
Na dep AT
n/a
(+) meals
FBP, albumin, fibrinogen, various globulins

entero.- free(FMN; tissue:free(FAD/FMN
coenzyme
FAD(FMN(free form ( exretion

(w/ DM, trauma, stress

Niacin
many forms absorbed
stomach, small intestine
diffusion
Na dep. AT

?
diffusion;  KD- sat. Na dep. AT; RBC- anion trans. 
entero.- NA(NAM, ADP, ribose;  tissue- coenzymated
coenzyme
metabolites excreted in urine

B5

Panto-thenic acid
CoA/ACP ( pant.(pant. acid

diffusion
Na dep. AT

free or carried by RBC
Na dep specific carrier;  KD- AT
B5 + AMP + Cys ( CoA
CoA- LV, KD, Br, HT, testes
in urine as pantothenic acid

Biotin
proteases
jejunum
diffusion
facilitated diffusion

free, albumin, BBP
specific carrier med.

liver
rapid excretion in urine

Na+
salts ionized
small and large intestines
Na/gluc.

contransporter, Na/Cl cotransporter
diffusion

1( as ion:  50% in ECF, 10% ICF (nerve and muscle), rest in skeleton
diffusion through channels
none, remains 1( as ion
crystals on bone surface

free in plasma, ICF
urine:  renin/

angiotensin/

aldosterone, ANP;

sweat

K+











Ca+2
salts ionized
small intestine
passive, unsaturable diffusion (ileum)
AT via calbindin: PTH/ vit. D regulated (duodenum, jejunum)

1( as ion
diffusion through channels
incorporated into hydroxyappatite in bone

3CA3(PO4) 2Ca(OH) 2, free ion 
bone, free in plasma, ICF
bile, sweat, urine

Mg+2


diffusion
saturable AT

1( as ion
diffusion through channels
none, remains as ion
crystals on bone surface free in plasma,ICF
Urine

PO4
alkaline phosphatase w/ Zn

diffusion
saturable AT: Na+ dependent

inorgainc phosphates, protein or Ca/Mg bound, phospholipids





Fe+2/3

duodenum, upper jejunum
heme Fe- abosrobed intact, nonheme Fe- diffusion  or transferin


transferrin ((-2 macroglobulin)


ferritin, hemosidderin in liver, spleen


Zn+2

jejunum
diffusion
carrier mediated

albumin, transferrin, IgG
passive transport

no pool; muscle, brain, heart
sloughed off as metallothionein

Cu+2

stomach, duodenum
diffusion
saturable AT

transferrin, albumin, His, transcuperin, ceruloplasmin
saturable, temperature dependent facilitated diffusion; ceruloplasmin receptor
ceruloplasmin, metallothionein
hepatocyte
bile

Se       -2/+4/+6
selenates (organic, food form) > selenites (supplements)
duodenum
unknown
unknown

VLDL ((-2 globulin), 

LDL (
(-globulin)
diffusion
incorporated into GSH-Px
seleno-methionine
1( urine (50-70%)

 feces (40-50%)

I
iodide (food), iodine, covalently bound, thyroxin, triiodothyronine
medicationsthroughout GI tract



free or protein bound


thyroglobulin, 
1(urine (80-90);  

feces (20%)

Mn+2

throughout GI tract



transferrin, free ion
cotransport:  Ca+2 carrier (?)
oxidized by ceruloplasmin

bile

Mo

stomach, duodenum
diffusion
carrier mediated AT

molybdate 2(MoO4) bound to albumin



urine, bile

     -2 to +6 Cr

1( jejunum 
diffusion
carrier mediated AT

GTF, transferrin, albumin, globulins, lipoproteins


in tissues w/ Fe+2
urine

     +2 to+6

Va



poorly absorbed



transferrin
phosphate transport system
reduced to vanadyl then bins to Fe-containing proteins
very little is stored
feces (unabsorbed V), urine (absorbed V)

Bo

well absorbed







urine

choline
phospho-lipases


AT

micellar diffusion, chylomicrons, lipoproteins

synthesized from serine and methyl donor (SAM)



inositol



AT for myoinositol

micellar diffusion, chylomicrons (to liver). VLDL (from liver)

synthesized from glucose



CoQ







req. niacin, folate, B12, B6, B5 for synthesis
throughout the body


lipoic acid











carnitine

small intestin
passive transport
AT



synthesized from lysine: req. methyl donons, Fe, vit. C, niacin, B6
skeletal muscle
urine

taurine







synthesized from cyteine and methionine



glutathione







synthesized from glycine, cystein, glutamate



DEFICIENCY SYMPTOMS

Blood Conditions


deficient coagulation- K


hemolytic anemia- E

macrocytic anemia-  niacin

megaloblastic anemia- folate, B12

microcytic anemia- folate, B12, B6 

normoblastic anemia-  niacin

polymorphonuclear leukocyotes-  folate

Cardiovascular-

general-  K

heart steatosis-  B12

homocysteinuria-  folate, B12, B6

hypercholesterolemia-  biotin

wet beriberi (cardiac hypertrophy, CHF, ( LDH)- thiamin

Epithelial Problems- 

alopecia-  biotin

cornification-  A

dermatitis-  biotin

folicular hyperkeratosis- A, C

keratomalacia-  A

bleeding gums-  C

cheilosis-  B6, riboflavin, niacin

glossitis-  B6, riboflavin, niacin, biotin

stomatitis-  B6, riboflavin, niacin

pellagra (dermatitis, diarrhea,   

              delerium)-  niacin

subdermal hemmorrhaging- C

Gastrointestinal 
achlorhydria-  niacin

appetite decrease-  vit A 

diarrhea-  K (infants), Cl

general-  pantothenic acid

nausea/vomitting-  niacin (pellagra), biotin  ((K, Cl from vomitting), Na

TPN- biotin

Growth and Development
diminished-  vit. A, B12, thiamin, biotin

impaired wound healing-  A, C, E

neural tube defects-  folate

Hepatic-

Liver steatosis-  B12, biotin 

Immune Disorders
resp. infections- A

Muscular Conditions
muscle weakness- E, pantothenic acid, K, Na

tetany- Ca
Neurologic Condtions
abnormal EEG-  B6

ataxia- A, E (cerebellar)

degenerative condtions- E
dry beri-beri (peripheral              

        neuritis)-   thiamin

mental retardation-  folate

neuropathy-  folate, B12, riboflavin

paresthesia-  pantothenic acid (toes and soles of feet)

seizures-  B6

Wernicke-Korsakoff syndrome-  thiamin
Vision Disorders
corneal xeropthalmia-  vit. A

myopathy-  B12

nytolopia-  vit. A

retina degeneration- E


Psyschological Conditions-

depression-  folate, pantothenic acid, depression

insomnia-  pantothenic acid

irritability- K

mental disorientation-  K

Renal-  

kidney steatosis-  B12

Reproductive Problems-
sperm immotility-  vit. A

Skeletal Problems
arthralgia- C

osteomalacia- D

impaired fracture healing-  A,     

                              D, K, E, C rickets- D

loose decaying teeth- C

weak, thick bones- vit. A

TOXICITY SYMPTOMS
Cardiovascular

hypertension- A, Na 

Endocrinological-

glucose intolerance- niacin

Epithelial-

alopecia-  A
dermatitis- A

hyperemia- A, niacin

Gastrointestinal- 

Nausea/vomitting-  A, E, niacin

diarrhea- C, niacin, panththenic acid

GI distress- E, folate


General-

calcification of soft tissues- A 

drowsiness- A 

fatigue- A

headache- A

weakness- A

( Zn status- folate 

Gynecological-

teratogenic- A

Hematological

hypercalcemia-  A

phosphatemia- A

hemolytic anemia- K(infants- menadione)

hyperbilirubinemia- K

hyperuricemia- niacin

( platelet adhesion- E

Hepatic
toxicity- A, niacin

Muscular

impaired tendon reflexes- B6

Neurological

hydrocephalus- A(children)

ataxia- E

demyelination- B6

double vision- E

peripheral neuropathy- B6


Psychological-

anorexia- A

hyperirritability- A(children)

insomnia- folate

Renal-

renal failure- A

nephrolithiasis- A

polydypsia- A

polyuria- A

Skeletal-

bone malformation- A

bone fracture- A

CLINICAL USES
Cancer

prevention-  carotenoids

 various- E, C 

gastrointestinal-  C

respiratory-  C

colon-  folate

Cardiovascular 
angina- E

arteriosclerosis-  folate, B6

atherosclerosis- E(prevention), C, 

heart disease- E, folate, B6

peripheral vascular disease-  C

migraine headache- riboflavin, niacin

(LDL-  niacin

Dermatological Conditions (A)

Acne vulgaris:  A, E

Sunburn prevention:  A

Keratosis follicularis:  A

Seborrheic keratoses:  A

Ichthyosis:  A

seborrheic dermatitis-  biotin

psoriasis- A, D

eczema-  C

Endocrinological Disorders
diabetes- E, C, niacin, biotin

Epithelial/Tissue Integrity 
Candidiasis:  C

cervical dysplasia:  A, C, folate

gingivitis:  C

hair and nails:  biotin

wound healing:  A
Gastrointestinal Disorders
gastric ulcer in trauma pt.: A

Crohn’s Disease:  A
peptic ulcers-  C

celiac disease-  folate

diarrhea-  folate

Chinese restaurant syndrome-  B6

morning sickness- B6

post surgical paralysis-  pantothenic acid, Glu, Ala, Arg 

Growth and Development
general- A

prevention of birth defects-  folate

infertility-  folate

prevention of SIDS-  biotin

Gynecological Conditions
menorrhagia- A

menopause- E, C

PMS- E, GLA, B6
Hematological
coagulation problems- K

sideroblastic anemia- B6

megaloblastic anemia-  thiamin

sickle cell anemia-  riboflavin 


Immunity

general immune enhancement-  B6

resp. infections- A

childhood viral illnesses (Measles)- A

HIV transmission to pre-term infants- A
AIDS- E, B12, 

autoimmune diseases- E

immunodepression- E, 

infections- E, 

inflammation- E
common cold- C, 
Muscular 
muscle fatigue-  B6
Neurological 
epilepsy- E, folate, B6

multiple sclerosis- E, B12, niacin

Parkinson’s disease-  C, folate, B6

tinnitus-  B12

autism-  B6

carpal tunnel-  B6

paresthesia-  B6

sciatica-  thiamin

Visual Conditions-

cataracts- E, C, riboflavin

glaucoma-  C

sicca: A

chalazion:  A

night blindness:  A


Psychological disorders schizophrenia-  C, B6, Trp,     

                    Mg, niacin anxiety-  niacin 

depression-  folate, B12, B6, riboflavin



senility-  folate, B12, thiamin insomnia-  thiamin

neurosis-  thiamin
Renal Conditions
renal disease: A

renal lithiasis prevention:  A

gout-  C, folate hyperoxaluria:  B6 

lactic acidosis:  thiamin

Respiratory Conditions
asthma: C, B12, B6

URI:  A

Skeletal Conditions
bone growth and development- A, D, K

fractures- D, K

osteoporosis- D, K, folate, B6

osteoarthritis- E, C, niacin

rheumatoid- (see also Autoimmunity) niacin

Amino Acid Metabolism

vit C-  Tyr metabolism:  dopamine OHase, hydroxyphenylpyruvate oxidase

folate-  methyl transfer bia dihydrofolate reductase (cytosol):  Gly(Ser, serine hydroxymethyltransferase w/ PLP, N5,N10 methylene THF;  Bly(CO2 w/ NAD/THF(NADH/ N5,N10 methylene THF; Homocys(Met; His(N-formiminoglutamate(FIGLU)(glutamate, formimino transferase w/ THF

vit B12-  homocys(Met, Met synthase w/ methylcobalmin;  methylmalonyl CoA(succinyl CoA, methylmalonyl CoA mutase w/ adenosylcobalamin
vit B6-  PLP:  Ala and Asp transaminases; deamination; trans/desulfation:  cystathione(Cys, cystathione synthase and Cys(pyruvate, cystathione lyase;  Ser(Gly + CH4;  Trp(niacin (3-hydroxykynurenin(3-hydroxyanthralate, kynureninase);  His(Histamine; Carnatine synth; Taurine synth 

thiamin-  oxidative decarboxylation of (-ketoacids (PDH, (-KG DH, trnasketolase, Leu met.) *MSUD due to genetic defect of enzymes sometimes helped w/ 10-500mg 
niacin-  req. thiamin B6, riboflavin for conversion from TYR

biotin- proprionyl CoA carboxylase, 3 methylcrotonyl CoA carboxylase (Leu met); ornithine transcarbamoylase (urea cycle)

Mn-  cofactor for glutamine sythetase (NH4+ carrier); arginase
Cu-  Tyr metabolism:  dopamine OHase, hydroxyphenylpyruvate oxidase

glutathione-  transport of neutral AAs into cells
Antioxidant

(-carotene

vit E- donates H from OH and becomes an unreactive free radical:  prevents lipid peroxidation, nec. for cell membrane integrity:  spares Se for glutathione peroxidase 
vit C- regenerates tocopherol from tocopheryl radcial; reductant in hydroxylations (w/ Fe, Cu); reverses oxidation by donating e- and H+; maintain reduced glutathione;  protects folate from oxidation

riboflavin-  GSSG(GSH via glutathione reductase (FAD)

niacin- DHAA(AA via DHA reductase, GSSG(GSH via glutathione reductase, glut DH (FAD)

Cu-ceruloplasmin w/ SOD; gene expression of glutathione peroxidase;  SOD component (cytosol)

Fe- gene expression of glutathione peroxidase
Se- glutathione peroxidase
Mo

Met, Cys-  spare vit E via GSH

CoQ- regenerate vit.C

lipoic acid-
glutathione- regenerate vit C

Zn-  SOD component (cytosol)

Mn3+-   cofactor SOD (mitochondrial)

Blood

chloride shift-  Cl- exits RBC as a result in charge change as HCO3 enters to replace HCO3 lost as CO2 during pulmonary exchange.  Involves CA/ Zn (also renal tubule cells)
-Anemia
vit. E- (-) causes hemolytic anemia due to lipid peroxidation of RBC membrane
Fe- microcytic, hypochromic


Sx-  
vit. B6-  sideroblastic/siderotic:  microcytic, hypochromic
vit. B12-  pernicious:  macrocytic, megaloblastic
folate-  megaloblastic, macrocytic
-Coagulation 

vit K- Gla req. for  thrombin (II), VII, IX and X as well as anticoagulation proteins C, S, M (prothrombin(thrombin), Z

Ca-  conversion of prothrombin to thrombin

Mg - 
Mn-  carboxylation:  Gla formation

Cu-  

Heme Metabolism
vit. A-  (-) ( Fe mobilixation ( microcytic anemia

folate- heme formation

vit B6-  heme synth.:  Gly + Succinyl CoA((-aminolevulinic acid, (-aminolevulinic acid sythetase

panthothenic acid-   Succinyl CoA + Gly((-aminolevulinic acid
Zn-  (-aminolevulinic acid( porphobilinogen via (-aminolevulinic acid dehydratase
Fe

vit B5- succinyl CoA
-RBC formation- 

folate-  purine and pyrimidine synth:  cell division, thymidine sythase w/ N5,10THF ((-) by methotrexate)

vit B12-  N5THF(N5,10THF (which is why (-) of B12 or folate have identical effects on blood
-contraindications
vit C-in Fe overload Dz:  thatllassemia, sideroblastic anemia, hemochromatosis

Bone Metabolism-alkaline phosphatase for formation
vit A- bone development

vit D-  increases absorption of Ca and P via calbindin; w/ PTH stimulates mobilization of Ca, P;  stimulates osteoclasts 

then osteoblasts  

vit E- somehow interacts w/ vit D

vit K-  cofactor for turning glutamic acid into gammacarboxyglutamic acid (Gla) (bone Gla is osteocalcin which deposits Ca and P into bone via osteoblast

vitC-  hydroxylation of Lys/Pro in collagen synth. and stim. transcription for dioxygenase NZMs needed

Na-  stored as crystals on bone surface
Ca-  osteocalcin (bone gla) w/ vit K, hydroxyapatite:  mineralized collagen matrix originally secreted by osteoblasts ((+)by alkaline phosphatase)
Mg- bone crystal matrix; stored on bone surface as crystals
P- hydroxyapatite, calcium phosphate w/ Ca

Zn-  cofactor for alkaline phosphatase, connective tissue synth:  deoxythymidine kinase
Bo-  may improve absorption of Ca, P, Mg; influence composition, structure and strength of bones
Mn-  chondroitin synthesis, bone GLA formation(bone development
Cu-  cofactor for lysyl oxidase:  collagen synthesis
Fe-  nonheme cofactors nec. for collagen synth.
HCO3-/CA- vit. D/ PTH stimulates bone resorbtion through the production of HCO3
F

V-  inhibits alkaline phosphatase at high conc.  but mimics insulins effects on cell differentiation and proliferation of osteoblasts
Carbohydrate Metabolism/ TCA/ ETC

vit B6-  glycogen(G1P, glycogen phosphorylase w/ PLP
Thiamin-  PDH, (KG-DH, transketolase(PPP)

riboflavin-  FAD nec. for PDH, succinyl CoA DH; FMN:  NADH-Q reductase (ETC)(1 or 2 e- transfers); req. Mb adn Zn

niacin-  NAD, NADP, GTF:  glutathione + niacin

biotin-  pyr carboxylase

sodium-  AT of glucose into cells

Mn-  glycosyl transferase (glycogenesis); pyruvate carboxylase; PEPCK

P- ATP, NADP

Mg-  P transfer from ATP

Fe-  flavin containing enzymes of ETC (succinate DH, NADH DH, (-glycerphosphate DH)

Zn-  proinsulin production

Cu-  cytochrome C oxidase

Se -   pancreatic function

glucose tolerance factor  Cr, nicotinic acid, glutamic acid, Cys, Gly

Cell differentiation and maturation

vit D- binds to nucleus and regulates genes;  differentiation of osteoclast stem cells 

vit. A-  RA required for differentiation of basal cells (mucus epithelial cells

Fe- nonheme:  purine synthesis; Tcell differentiation
vit B6- transaminations
Biotin- purine synthesis

riboflavin- purine synthesis

vit B12- N5THF(N5,10THF (which is why (-) of B12 or folate have identical effects on blood
folate-  purine and pyrimidine synthesis (dUMP(dTMP via thymidylate synthase)  (-) by methotrexate
niacin- NADH for pyrimidine synth.
P-  purine and pyrimidine synth; phospholipids
Va-  mimics action of insulin by stim. cell proliferation and differentiation

B-  cell membrane function/ stability

choline-  phospholipid component

Cholesterol

vit C-  cholesterol(bile, cholesterol 7-a-hydroxylase

niacin-
Drug Detoxification

vit C-  mixed function oxidase and flavin monooxygenase

Fe-  cytochrome P450 system

Se- cytochrome P450 system

Enzymes

24,25 hydroxylase-

acotinase-Fe
adenylate cyclase-  Mn (?)
aldehyde oxidase- Mb,  (-)by B
arginase-  Mn
alcohol DH- Zn

(-ketoglutarate DH- lipoic acid
(-glycerolphosphate DH-Fe
alkaline phosphatase- digestion, bone formation:  Zn

arginase- urea cycle: Mn
(KG DH- thiamin (TPP), riboflavin (FAD2+), niacin (NAD+), lipoic acid
carbonic anhydrase- Zn

carboxypeptidase- Zn

chymotrypsin-  (-) by B
cytochrome C oxidase-  Cu

cytochrome b5 reductase-  (-) by B
(6-desaturase-  Zn

deoxythymidine kinase- collagen synth:  Zn
dopamine OHase- Cu2+, AA
(-aminolevulinic acid dehydratase-  heme synthesis:  Zn

 glutamine synthetase-  Mn

G3P DH-  (-) by B
glycogen phosphorylase-  glycogenolysis:  PLP
glycosyl transferase-  glycogenesis:  Mn
glutamine synthetase-  Mn
glutathione peroxidase- Se, Cu, Fe, vit E, vit C

hydroxyphenylpyruvate oxidase-  Cu,+ AA 

iodothyronine-5’-deiodinase-  Se, Fe
lysyl oxidase-  collagen synthesis:  Cu+

lipoprotein lipase-  VLDL(LDL:  Cr
monamine oxidase-  Cu, Fe

NADH DH-  Fe

phosphodiesterase-  Ca
pyruvate DH- thiamin (TPP), riboflavin (FAD2+), niacin (NAD+), lipoic acid
pyruvate carboxylase-  biotin, Mn cofactor

succinate DH- Fe

sulfite oxidase- Mb
Trp OHase- Fe
Tyr OHase-  Fe

xanthine DH- purine/pyrimidine met: riboflavin, Mb ((-)by Bo)
xanthine oxidase- purine/pyrimidine met:  riboflavin, Mb
Fat Metabolism
Zn-  HDL prod.

Cu- HDL prod.
Cr-  VLDL(LDL via lipoprotein lipase
taurine-  component of bile salts

Fatty Acid Oxidation

riboflavin-  fatty acyl DH
panthetine-  acyl group carrier

biotin-  proprionyl CoA carboxylase

carnitine -  transport of long chain fatty acids into the mitochondria
carnitine synth.

niacin- NAD
vit C/Fe2+- decarboxylation/oxidation
vit B6-deamination
Lys- precursor
Met- SAM

Fatty Acid Synthesis
pantothenic acid-  ACP

niacin 
biotin- acetyl CoA carboxylase
Zn-  EFA elongation
Genetic Influences

vit. A-  retinol/al- steroid hormone synthesis;  RA- gene transcription
vit D-  binds to nucleus and reg. genes

vit C- influences mRNA levels of dioxygenase NZMs for collagen synthesis

folate-  purine and pyrimidine synth:  cell division, thymidine sythase w/ N5,10THF (-) by methotrexate)

vit B12-  N5THF(N5,10THF (which is why (-) of B12 or folate have identical effects on blood

riboflavin-  purine catabolism:  xanthine oxidase req. B2, Fe, Mb (hypoxanthine(xanthine((uric acid)

biotin-  ornithine transcarbamoylase activity ( if biotin (-) ( hyperammonemia( brain damage (purine catabolism incomplete0

Cu- gene expression of glutathione peroxidase

Fe- gene expression of glutathione peroxidase; nonheme:  purine synthesis
Mb-  xanthine DH/ oxidase

P-  RNA/DNA synthesis

Zn-   DNA/RNA polymerase

Se-  DNA repair

Mo- moybdopterin:  purine metabolism

Cr-  gene expression/ structural integrity of nuclear strands
Immunity

vit A-  differentiation of mucus secreting cells  and ciliated cells;  CMI (maintains Tcell count)

vit E-  antioxidant function for macrophages;  involved in PG metabolism

vit C-  ( prod. of INFs, (chomtactic and proliferative responses to neutorphils, ( synthesis of Humerol Thymus Factor.

biotin- PG synth, IgA synth.(?)
EFAs-  PG synth.
Zn-  CMI- T cell prod.; wound healing (connective tissue prod.)
Se-   leukotriene 4 series production: HPETE(HETE
Fe-  respiratory burst; Tcell production, cell differentiation
Cu-  ceruloplasmin is acute phase protein:  mod. inflammatory process and ( w/ infection 

inositol-  PG synthesis

Lipotropic Factors

choline- fat removal from the liver
inositol-

Neurotransmitters/ Hormones

vit C- LV, KD:  Phe ( Tyr, Phe hydroxylase w/ Fe2+;regenerates dihyydrobiopterin from tetrahydrobiopterin;  Tyr(acetoacetic, dioxygenase w/ Fe 2+;  Tyr ( DOPA,  Tyr hydroxylase w/ Cu2+;  Dopamine(NE, dopamine mono-oxygnease w/ Cu2+;  Trp(5HT, Trp hydroxylase;  similar roles in Gasrtic Releasing Peptide  (GRP), clacitonin, CCK, corticotropin releasing factor, oxytocin, vasopressin (ADH) 

vit B6-  Gl(Gaba; 5-HTP(serotonin; dopa(dopamine, dopa decarboxylase (estrogen sulfate competes w/ PLP here)
*estrogen ([Tyr] and ( Tyr aminotransferase activity(diverts Tyr form catabolic pathway; PLP + Lys prevent or interfere w/ hormone binding

riboflavin- Tyr(Dopamine; MAO  catabolism of tyramine, histamine, dopamine; thyroxine (+) flavokinase:  riboflavin(FMN
Ca-  neurotransmitter release; phosphodiesterase (cAMP met.); calmodulin; phospholipase A2, DAG, Inositol triphosphate

Mg-  bind to phosphate groups on ATP to assist in transfer of phosphate; antagonizes Ca in excitable tissues; release of PTH; activation of D

I-  T3
Fe- T4(T3; Tyr OHase:  TYR(dopamine
Se- iodothyronine-5’-deiodinase: T4(T3 

glutathione- reduces I

V-  mimics the action of insulin;  (+) adenylate cylcase((cAMP

Zn-  biosynthesis of proinsulin; interacts w/ thyroxin, 1,25 (OH)2 D3; testosterone production
K-  release of insulin
Fe-  destroys ( cells of pancreas

Mn-  cAMP production

Cu - dopamine OHase:  dopamine(NE; MAO; neuropeptides, enkephalins, endorphins
B-  cell membrane function:  influences hormonal response, modulates transmembrane signalling

choline-  ACh precursor

inositol-  IP3

Neurology

thiamin-  nerve function:   possible nec. to maintain neg. charge on inner surface of neuron, or Ach is B1 dep. 
Sodium-  excitable tissues

Cu-  myelination

taurine-  membrane transport in the brain

Reproduction

vit A

Zn-  spermatogenesis

Pro-oxidant

vit C-  Cu2+ to Cu 1+, Fe3+ to Fe2+ both can generate reactive oxygen spp. or free radicals.

Fe3+- i.e.  hemochromatosis

Cu- ceruloplasmin-  Fe2+(3+,  Mn2+(3+

Vision-

vit A-  retinal forms rhodopsin

riboflavin-  retinol(retinoic acid

taurine-  membrane transport in the retina
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