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Proteins Carbohydrates

glucose, fructose,
amino acids galactose

Pyruvic Acid

acetyl Co A

Electron Transport Chain




Grains A
Vegetables B
Fruits

Oils

MyPyramid.gov

STEPS TO A HEALTHIER YOUI
(a) USDA food guide pyramid

Fiqure 24.1a



KEY
B Fat (naturally occurring and added)
K Sugars (added)

These symibols show fals and added sugars in foods.

Fats, Olls & Sweels
USE SPARINGLY

Milk, Yogurt &
Cheese Group

2-3 SERVINGS

Meat, Poultry, Fish, Dry Beans,
Eggs & Nuts Group

2.3 SERVINGS

Vegetable Group
3-5 SERVINGS

Fruit Group
2-4 SERVINGS

Kot

Bread, Cereal,
Rice & Pasia
Group

6-11
SERVINGS



Digestion
» Carbohydrate digestion starts in the mouth

* Protein digestion starts in the stomach
* Nucleic acids & fats start in the small intestine

* Everything completely digested and absorbed by the end of the small intestine



Metabolism sites

Mitochondria Fatty acid oxidation (B-oxidation), acetyl-CoA
production, TCA eyele, oxidative phosphorylation.
Cytoplasm Clycolysis, fatty acid synthesis, HMP shunt, protein
synthesis (RER), steroid synthesis (SER),
Both Heme synthesis, Urea cyele, Gluconcogenesis. HUGs take two.,
Enzyme terminology  An enzyme's name often describes its function. For example, glucokinase is an enzyme

that catalyzes the phosphorylation of glucose using a molecule of ATP. 'T'he following
are commonly used enzyme descriptors:

I~J

Kinase —uses ATP to add high-energy phosphate group onto substrate

(¢.g., phosphofructokinase)

Phosphorylase —adds inorganic phosphate onto substrate without nsing ATP
(e.g., glycogen phosphorylase)

Phosphatase —removes phosphate group from substrate (e.g.,
fructose-1,6-bisphosphatase)

Dehydrogenase —oxidizes substrate (e.g., pyruvate dehydrogenase)
Carboxylase —adds 1 carbon with the help of biotin (e.g.,

pyruvate carboxylase)




Summary of pathways

Galactose

@4
Galactose-1-phosphate
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@ Cal P (rmild gal Tia) HMP shunt l

() Galactose-1-phosphate uridyitransterase &

> (severe galactosermia) Fructose-6-phosphate 2 il S-phosphate -——

%1 win rgin Wi

(4) Glucose-6-phosphat (von Gierke's) " ®l l®

(B Glucose-6-phosphate dehydrogenase ((GEPDY) Fructose- 1 .&?bphusphaun

(B) Transketolase

% Phosphofructokinase-1 wt T © -

B) Fructose-1,.6-bisphosphatase Gilyceraldehyde-3-P *———g DHAP

e S B AR i

A0 Aidolase B (fruct intolerance) 1.3-bi te e

42 Pyruvate dehydrogenase 1e

33 HMG-CoA reductase

G4 Pyruvate carboxylase T l Gilycolysis

A% PEP carboxykinaso 2-phosphoglhycerate

A8 Citrate synthase T

@2 Isocitrate dehydrogenase Phosphoenocipyruvate {PEP) Cholesterol

A8 «-ketoglutarate dehydrogenase - l P

S Ornithine trar roarmanyt: "

Gluco nesis a3 N
M s\ @ ™ @] @ A yi-Coa I-DHIG-CQA<
a3 ety Fatty - Acotoacetale —— [§-hydroxybutyrate
Matomyl-Cos
NHL"™ + COy, Aspartote - [(2)]
! Clruitne Oxaloacetate N
Carbarnc?: Requines biotin cofactor
o Argininosuccinate e i () Requires thiamine cofactar (TPP)
Orniithi Ures uala{e oA ®) P frrewersible, mportant poi off regul,
oucie Fumarate o -katogiutarato
N )
Arginine Succinate il Methyimatomyl-Cof
Urea T ®
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Odd-chain




Glycolysis Net glycolysis (cytoplasm):

-egulation, Glucose + 2 P, + 2ADP + 2 NAD* = 2 pyruvate + 2 ATP + 2 NADH + 211* + 2H,0
(ey enzymes
Glucose » Glucose-6-phosphate Clucose-6-P ©.
Rem:;; |: Hexokinase/glucokinase”
Fructose-6-P » Fructose-1,6-BP ATP &, AMP @, citrate ©,
Phosphofructokinase-1 fructose-2,6-BP @.
(rate-limiting step)
1.3-BPG g > 3-PG
Produce [ Phosphoglycerate kinase
ATP
PR i PRI ATP ©, alanine ©,
fructose-1,6-BP @.
Pyruvate » Acetyl-CoA ATP @, NADH ©,
Pytuvate acetyl-CoA ©.
dehydrogenase .

* Glucokinase In liver; hexokinase in all other lissues.



Pyruvate metabolism Iunctions of different pymvate

metabolic patlways:

. Alinine carries amino
groups to the liver from

muscle
Alanine

| S ]

Lactate - Oxaloacetate can replenish
TCA evele or be used in
gluconeogenesis

3. Transition from ghycolysis fo

the TCA eyele

1. End of anacrobic glycolysis

(major pathway in RBCs,
leukocyles, kidney medulla,

lens, testes, and comea)



The citric acid cycle — also known as the tricarboxylic acid
cycle (TCA cycle), the Krebs cycle, or more rarely, the
Szent-Gyorgyi-Krebs cycle,— is a series of

central importance in all living cells that use oxygen as part of
cellular respiration.

In eukaryotic cells, the citric acid cycle occurs in the matrix of




In aerobic organisms, the citric acid cycle is

Other relevant reactions in the pathway include those in glycolysis
and pyruvate oxidation before the citric acid cycle, and oxidative

phosphorylation after it.

In addition, it provides precursors for many compounds including
some amino acids and is therefore functional even in cells
performing fermentation.
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TCA cycle Pyruvate = acetyl-CoA produces 1 NADH, 1 CO,,
(Krebs cycle) —
O ATP
""“’""“'“ I‘ {e NADH
LATP
..--""'""‘"-'-:

Oxalo- oirate  Citrate
NADH aceiale gynthase N\

Malale W“u
r Isocitrate

Isocitrate
Fumarale O ATP
dehydrogenase pr { © NADH

& ADP
u-keloglutarate

=KG CO5 + NADH
grp Succinate :lahfdrugmm /e— CoA-SH
C;A - © Succinyl-CoA

© NADH
oA O ATP

* Enzymes in boldlace are irreversible.

FADH

COy + NADH

The TCA cycle produces

3 NADI, | FADI,,

2CO,, 1 GTP per acetyl-
CoA = 12 AT Pacetyl-CoA
(2x everything per glucose),
TCA cvele reactions occur in
the mitochondria.

o-ketoglutarate dehydrogenase
complex requires the same
cofactors as the pymvale
dehydrogenase complex (B,
B,, By, Bs, lipoic acid),

Citrate Is Krebs' Starting
Substrate For Making
Oxaloacetate.



Electron transport NADH clectrons from glveolysis and the 'T'CA cycle enter mitochondria via the

chain and oxidative malate-aspartate or glycerol-3-phosphate shuttle. FADH, electrons are transferred lo

phosphorylation complex I (at a lower energy level than NADH). The passage of clectrons results in
the formation of a proton gradient that, coupled to oxidative phosphorviation, drives
the production of ATP.

Complex | Complex Il Complex Il Complex IV Complex V
2,4-Dinitrophenol |} (succinate f fi | Intermembranous
L dehydrogenase) H* H* H* space
.| | I 3
ATP produced via
ATP synthase: I NADH — 3 AT'P; 1 FADH, — 2 ATP.
Oxidative phosphorylation poisons
Electron transport Dircetly inhibit electron transport, causing a 1 Rotenone, CN-, antimycin A,
inhibitors proton gradient and block of ATP synthesis. CO.
AT Pase inhibitors Directly inhibit mitochondrial ATPase, causing Oligomycin.

an T proton gradient. No ATP is produced
becanse electron transport stops.

Uncoupling agents T permeability of membrane, causing a L proton 2,4-DNP, aspirin (fevers often
gradient and T O5 consumption. ATP occur after aspirin overdose),
synthesis stops, but electron transport continues. thermogenin in brown fat.

Produces heat.



Cori cycle

MUSCLE/RBCs LIVER
(lcosn emmm— 050
e o] A
2pywvale  |L | 2pyrovale
Lactate r g Lactale
dehydrogenase D dehydrogenase
. ' MTP
2 (ACIAID ser 2 [aCIaNE

ST | E———

ANAERQBIC GLYCOLYSIS GLUCONEQGENESIS

Ihe Cori eyele allows ctat
generaled during anacrobic
metabolisi o undergo
hepatic ghiconcogennesis ind
become a sonree of ghicose
for mscle/RBCs, This come
al the cost of a net loss of 4
1Pyl

Shifts metabolic burden to the
iver,



Amino acid derivatives Thyroxine _ Melanin

Phenylalanine ——» Tyrosine L Dopa —» Dopamine ——» NE ——» Epi

Bleiacin ——>» NAD'/NADP*
BH, : .
Tryptophan  —— Serotonin ——» Melatonin

Histidine ia- Histamine
Glycine -E—r- Porphyfin ~—— Heme
Arginine — Crealine
\ Urea
Nitric oxide

Glutamate -—B‘-r- GABA (glutamate decarboxylase—requires B,)

e Glutathione



Kwashiorkor vs. Kwashiorkor — protein malnutrition resulting in skin - Kwashiorkor results from a

marasmus lesions, edema, liver malfunction (fatty change protein-deficient MEAL:
due to L apolipoprotein synthesis). Clinical picture Malnutrition
- w15 small child with swollen belly. Fdema
Mental changes .. : " , .
Marasmus—cnergy malnutrition resulting in Anemia
tissue and muscle wasting, loss of subeutaneous Liver (fatty)
mg 1Al and variable edema. Marasmus results in

Muscle wasting,

Loss of waight and growth [ailure
AN

Q{/ kwashiorkor marasmus







Vitamins
Vitamins

Fat T'“b" ‘/\:/wlr soluble
Vitamin A—Vision Vitamin C—Antioxidant, \

Vitamin D—Bone calcification, collagen synthesis Folate—Blood,

Ca2+ homeostasis Y neural development
Vitamin E—Antioxidant Melabolk Cobalamin (B,,)—Biood,
Vitamin K—Clotting factors —Thiamine (B,) CNS

—Ribollavin (8))
—Niacin (8,)
—Pantothenic acid (8,
—Pyridoxine (B,)
—Botin (8,)




Vitamins; water
soluble

} (thiamine; TPP)
, (rbofavin: FAD), FAIN)
) (miaein: NAL'
! lp:llllnlhvnit' acid: Col)

;(. I|l_\'l'illn\illt". ')

) (cobalarmin)

C (ascorhic acid)
Biotin

Al wash out easily from bodly
exeept B and folate (stored
i iver),

Bcomplex dehciencies offen
restll n dermalili,
elossits, and diarthea.




Vitamins; fat \, 1), i, K. Absorption dependent on gut (ileum) — Malabsorption syndromies

soluble and pancreas, Toicity more common than steatortheal, such as cysti
lor waler-soluble vitamins, hecause these brosis and sprue, or mineral
accumukate in fat, oil nlake can cause fal

soluble vitamin deheiencies,




Vitamin A (retinol)

Function Antosidant; constituent of visual pigments (retinal); — Retinol is vitamin A, so think
essental for normal differentiation of epithelial -~ RetinA (used topically for
cells into specialized tissue (pancreatic cell, wrinkles and acnc),
mucisecreling cells), Found in liver and leafy

Defciency Night blindness, dry skin, vegetables

Lxcs Adthralgias,foigue, headaches, skin changes, sore

hroat, alopecia. Teratogenic (cleft palate, cardiac
Abnormalities), 5o a pregnancy est must be done
before isorelinoin i prescribed for severe aciic




Flﬂ. 4 Follicular hyporEaratoss roauling from witamin A doticlency
rirgirmnblas “goosallesh” but can be distinguished from It because
the bumps da nol disappear when the skin is rubbed. Thesa

lezinns commonly appear on the lateral surface of the arm and
extangor surkace af the thigh




Fig.3 Keralomalacia in & young chilg,



Vitamin B, (thiamine)
Function

Deficiency

In thiamine pyrophosphate (TPP), a cofactor for
several enzymes:
I. Pyruvate dehydrogenase (glycolysis)
2. a-ketoglutarate dehydrogenase (TCA cyele)
3. Transketolase (HMP shunt)
4. Branched-chain AA dehydrogenase
Impaired glucose breakdown — AP depletion;
highly acrobic tissues (brain and heart) are
affected first. Wernicke-Korsakoff syndrome
and beriberi. Seen in malnutrition as well as
alcoholism (2° to malnutrition and malabsorption).

Spell beriberi as BerlBerl.

Wernicke-Korsakoff—confusion,
ophthalmoplegia, ataxia +
memory loss, confabulation,
personality change.

Dry beriberi —polyneuritis,
symmetrical muscle wasting.

Wet beriberi—high-output
cardiac failure (dilated
cardiomyopathy), edema.

Vitamin B, (riboflavin)
Function
Deficiency

Cofactor in oxidation and reduction (e.g., FADH,).

Cheilosis (inflammation of lips, scaling and fissures
at the comers of the mouth), Corneal
vascularization,

FFAD and FMN are derved from
riboFlavin (B, =2 ATP).
The 2 C’s.



;‘5

Ir-:-rr. "*Fundomentals < imscmnl Pakr

Fig. 6-11 Inability to
due to thiamin deficiency and phosphorus deficiency.

apeuright 13 iy kAol

n o H. L. E y- MY, 3 .
follow a light source (op I‘i[hd moplegia)



Vitamin B, (niacin)

Function Constituent of NAD*, NADP* (used in redox NAD derived from Niacin
reactions). Derived from tryptophan. (B3 =3 ATP).
Synthesis requires vitamin B,

Deficiency Clossilis. Severe deficiency leads to pellagra, The 3 D's: of pellagra:
which can be caused by Hartnup disease Diarrhea, Dernmatitis,
(L tryptophan absorption), malignant carcinoid Dementia,

syndrome (T tryptophan metabolism), and
INI (L vitamin B,).
Iixcess Facial Aushing (due to pharmacologic doses for Vitamin B; in corn not
treatment of hyperlipidemia). absorbable unless treated.
IZxcess untreated corn in
dict can lead to pellagra.

Vitamin B, (pantothenate)

Function Essential component of CoA (a cofactor for acyl Lantothen-A is in Co-A.
transfers) and fatty acid synthase.
Deficiency Dermatitis, enteritis, alopecia, adrenal insufficiency.
Vitamin B, (pyridoxine)
IFunction Converted to pyridoxal phosphate, a cofactor used in transamination (c.g., ALT and AS'T),

decarboxylation reactions, glycogen phosphorvlase, cystathionine synthesis, and heme
synthesis. Required for the synthesis of niacin from tryptophan.

Deficiency Convulsions, hyperirritability, peripheral neuropathy (deficiency inducible by INH and
oral contraceptives), sideroblastic ancmias.



Fig. 6-8 Clinical findings of niacin deficiency before (A) and after (B) therapy
of Chnioal Nutrition” by R. L. Weinsier copyright 1333 by Masby-Year Books N.Y. in an alcoholic patient.




Folic acid

Fianction Converled o tetrahydrofolate (THE), a coensyme— FOLate from FOLiage,
for |-carbon tramsfer/methylation reactions, Sl reserve pool stored
Important for the synthesis of nitrogenous bases primarily in the livr, Fat
m DNAand RNA green leaves,
Deficiency Macrocytic, megaloblastic anemia; no neurologic —— Deficiency can be caused by

symploms (as apposed bo vitamin By deiciency). - several drugs (e.g, phenyloin,
Most common vitamin deficiency in the United —— sulfonamides, M1,
States. Seent in alcoholism and pregmancy. Supplemental foli acid in
catly pregnancy reduces
neural tube defects,



Vitamin B,, (cobalamin)

IFunction Cofactor for homoeysteine methyltransferase
(transfers ClHy groups as methylcobalamin)
and methylmalonyl-CoA mutase.

Dehiciency Macrocytic, megaloblastic anemia,
hypersegmented PMNs, nearologic
symptoms (paresthesias, subacute combined
degencration) due to abnormal myelin.
Prolonged deficiency leads to irreversible
nervous system damage.

By,
Homocysteine + N-methyl THF ——> Methionine + THF

B
Methylmalonyl-CoA —» Succinyl-CoA

Found in animal producls,
Synthesized only by

microorganisms. Very large
reserve pool (several years)
stored primarily in the liver.
Dehciency is usually caused
by malabsorption (sprue,
enteritis, Diphyllobothrium
latum), lack of intrinsic factor
(pernicious anemia, gastric
bypass surgery), or

absence of terminal ileum
(Crohn's discase).

Use Schilling test to detect

the ctiology of the deficiency.



Vitamin C (ascorbic acid)

FFunction Antioxidant. Also: Found in fruits and vegetables.
. Facilitates iron absorption by keeping iron in British sailors carried limes to
'™ rednced state (more absorbable) prevent scunvy (origin of the
2. Necessary for hydroxylation of proline and word “limey”).

lysine in collagen synthesis

Necessary for dopamine B-hydroxylase,
which converts dopamine to N
Dehciency Scurvw—swaollen gums, bruising, anemia, poor
wound healing.

Creepyc®©

You bet he is!

rm————

pur e |
-

Biuliatihcilinglasssolis®@ishie s
holding will insure that

this is one creepy little
ginger kid whose gums
aren’'t bleeding on
May 2nd, Scurvy
Awadreness Day!



Fig. 6-2 A, Corkscrew hairs in scurvy. B, Perifollicular petechiae in scurvy.



James Lind, a surgeon in the Royal Nawvy, conducted clinical tests that proved
that citrus fruits and their juices would cure and prevent scurvy, the disease
which killed a million seamen between 1600 and 1800.

shown aboard HMS Salfisbury in 1747. Lind published his paper, A Treatise omn

In this painting he is
the Scurvy was published in 1751. He later became Chief Surgeon of the Royal

MNMawval Hospital and published many more papers on how to safeguard the health
of sailors.

Image from A History of Medicime in Pictures, published by Parke, Dawvis & Co. in 1960; Artist: Robert A.Thom



Vitamin D D, = ergocalciferol —ingested from plants, used as Drinking milk (fortified with
pharmacologic agent. vitamin D) is good for bones.
1), = cholecaleiferol —consumed in milk, formed in
sun-exposed skin,
25-OH Dy = storage form.
1,25<(OH), Dy (calcitriol) = active form.

Function T intestinal absorption of calcium and phosphate,
T bone resorption.

Deficiency Rickets in children (bending bones), ostcomalacia
in adults (soft bones), hvpocalcemic tetany.

Fxcess Hyperealeemia, hypercaleiuria, loss of appetite,

stupor. Seen in sarcoidosis (T activation of
vitamin D by epithelioid macrophages).

Vitamin E
Function Antioxidant (proteets ervthroeytes and membrances IV is for Erythrocytes,
from freesradical damage),
Dehiciency T fragility of erythrocyles (hemolytic ancinia),

muscle weakness, neurodysfunction.



Vitamin K

Function Catalyzes y-carboxylation of glutamic acid residues K for Koagulation. Necessary for
on various proteins concerned with blood clotting. — the synthesis of
Synthesized by intestinal flora, clotting factors 11, VII,

Dehiciency Neonatal hemorrhage with T PTand T aP1'T but X, X, and protein C and S.
normal bleeding time (neonates have sterile Warlarin —vitamin K
intestines and are unable to synthesize antagonist.
vitamin K). Can also occur after prolonged use Neonates are given vitamin
of broad-spectrum antibiotics. K injection at birth to prevent

hemorrhage.
Zinc

FFunction Fssential for the activity of 100+ enzymes. lmportant in the formation of zine fingers
(transcription factor motif).

Deficiency Delayed wound healing, hypogonadism, 4 adult hair (axillary, facial, pubic), dysgeusia,

anosmia. May predisposc to alcoholic cirrhosis.



Biotin
Function Cofactor for carboxylation enzymes “AVIDin in cgg whites
(which add a l-carbon group) AVIDIy binds biotin.”
|, Pyruate carboxylase: Pyruvate (3C)
= oxaloacetate (4C)
. Acelyl-CoA carboxylase: AcetykCoA (3C)
= malony-CoA (4C)
3. PropionykCoA carboxylase: Propiony-CoA (3C)
= methylmalonyl-CoA (4C)
Deficiency Relatively rare, Dermatitis, alopecia, enterilis.
Caused by antibiotic use or excessive ingestion of
W eggs,



