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Vitamin D 
• Synthesis 

– Made in the skin from cholesterol 

– Activated in liver and kidney 

• Functions 

– Regulates blood calcium levels 

• Food sources 

– Fortified milk, fortified cereals 

• Deficiency 

– Rickets in children; osteomalacia in adults 

• Toxicity 





















Vitamin E (a-tocopherol)  

A reducing reagent that scavenges oxygen and free 

radicals 

May prevent damage to fatty acids in membranes 

Vitamin E (a-tocopherol)  



Vitamin E 

• Vitamin E is fat-soluble  

• Antioxidant activity 

• Vitamin E is found in eggs and vegetable oils. 

• Deficiency is very rare in humans; primary 

symptom is fragile erythrocytes. 

• Vitamin E quenches superoxide anions; the 

resulting radical is then oxidized by Vitamin 

C. 
 

 









Vitamin E 
Functions 

Antioxidant: stop the chain reaction of free 
radicals producing more free radicals; protects 
cell components and membranes from 
destruction; prevents oxidation of PUFA; 
reduce risk of heart disease by protecting LDL 
against oxidation 

Food Sources:  nuts, seeds, wheat germ, oils, 
margarine, salad dressing 

Deficiency: rare 

Toxicity:UL=1000 mg/day 





RDA=15 mg/day 
 









Vitamin K 

Vitamin K (phylloquinone) is fat-soluble 

Vitamin K is a blood-clotting cofactor 

It undergoes oxidation and then reduction 

during the formation of active prothrombin, a 

blood protein required for clot formation. 

Vitamin K is found in green plant leaves; 

deficiency is very rare. 





Vitamin K (phylloquinone)  

Required for synthesis of blood coagulation 

proteins 

A coenzyme for mammalian carboxylases that 

convert glutamate to g-carboxyglutamate residues  

Calcium binds to the g-carboxyGlu residues of 

these coagulation proteins which adhere to platelet 

surfaces 

Vitamin K analogs (used as competitive inhibitors 

to prevent regeneration of dihydrovitamin K) are 

given to individuals who suffer excessive blood 

clotting 



(a) Structure of vitamin K  

(b) Vit K-dependent carboxylation 
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vitamin K2 is another important qunione.  This vitamin is 

essential to the biosynthesis of prothrombin, a clotting 

agent, that takes place in the liver. 

Vitamin K2 

The natural vitamins of the K family have for the most part been 

replaced by synthetic preparations in food supplements.  

Menandione, an analog with vitamin K activity has a hydrogen in 

the place of the isoprene tail.  Menandione can be prepared from 2-

methyl naphthalene via a chromic acid oxidation under mild 

conditions. 
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CH3CrO3
2-methyl-1,4-

naphthoquinone 

Menandione 

This Reaction is 

fair game for the 

Final! 



Vitamin K 

Warfarin (coumadin), with a similar structure, 

is used to prevent excessive blood clotting. 

By inhibiting epoxide reductase in the liver 



Vitamin K 

K for “koagulation” or “coagulation” or 

“clotting” 

Functions 

Blood clotting 

Formation of bone 

Bacteria in GI tract synthesize vitamin K 

Food sources 

Green vegetables, liver, egg yolks 

Deficiency:  rare; injection for newborn babies 

Interferes with anticoagulant medications 



Vitamin K Recommendations 

AI for adult males: 120 ug/day 

AI for adult females: 90 ug/day 

 

Vitamin K Toxicity 

not common 



SFCC: 



Isoprenoids 

Vitamins E and K are isoprenoid derivatives 

Similarly, ubiquinone (also called coenzyme 

Q) is an isoprenoid.  

Recall where ubiquinone is located, and the 

role of Vitamin E … 









Metal Cofactors 

• Why transition metals? 

 

– Good electrophiles 

– Can generally interact with more than 
one ligand to orient substrate in active 
site. 

– Since transition metals have multiple 
valence states, they can function in 
oxidation-reduction reactions. 



Metal Cofactors 
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Many Enzymes Require Inorganic Cations 

• Enzymes requiring metal ions for full activity: 

 (1)  Metal-activated enzymes have an absolute  

 requirement or are stimulated by metal ions 

 (examples: K+, Ca2+, Mg2+)   

 (2) Metalloenzymes contain firmly bound metal 

 ions at the enzyme active sites (examples:  

 iron, zinc, copper, cobalt ) 





Water: Crucial to Life 

• Functions of water 

–Moves nutrients and wastes 

–Lubricates joints 

–Participates in chemical reactions 

–Helps maintain body temperature 



Water: Crucial to Life 

Water excretion 

lungs, skin, feces, urine 

low humidity, high temp, fever, high pro & Na 

Water balance 

Other factors affecting fluid balance 

alcohol, caffeine, diuretic medications 

Dehydration 

Water intoxication 



Electrolytes and Water 

The main positively charged ions (cations) are 

sodium and potassium 

The main negatively charged ions (anions) are 

chloride and phosphate 

Sodium main cation in extracellular fluid 

Potassium main cation in intracellular fluid 

Na-K pumps: maintain balance of Na and K; 

all cell membranes have; 











Minerals 

• A naturally occurring , homogeneous, 

inorganic substance required by humans in 

amts of 100 mg/day or more 

– -functions 

– -high and low serum levels 

– -absorption 

– -excretion 

– -deficiency 

– -toxicity 






