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Nutrition and the Cells



L_earning Objectives

Components of typical cells (0.5 h)
Cell structures and functions (1 h)
Metabolism in the organelles (1 h)
Metabolism in the liver (1.5 h)
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Cell types

 monocellular organisms: prokaryotic cells
o multicellular organisms: eukaryotic cells

Animal (Eukaryotic) Cell

http://www.cod.edu/PEOPLE/FACULTY/FANCHER/ProkEuk.htm
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CELLS

PROTEINS NUCLEUS
many throughout MEMBRANES
with cell; soluble and / TG (triacylglycerol)
trace insoluble (F;IF] (i)hc:spt:olipid)
enzymes, olestero
glr?dmgr\‘/tifamins carriers Protein
(also vit. A) Vitamin E
LIPID
DROPLETS ER
(endoplasmic
1‘ reticulum) Cat+
(some cells)
GLYCOGEN
polyglucose

MITOCHONDRION

CYTOPLASM BLOOD
K*, HPO,=, H,PO,", FLUID- Na*, CI", HCO,", proteins, Ca*+
Mg*+, Ca** Amino acids, glucose
Amino acids CELLS- Proteins, Fe, K*
Metabolites
MEATS- MUSCLE rich in protein, fat, iron, Na*, K*, phosphate

LIVER rich in protein, iron, (fat) vitamins A, D, B12

folate, Na*, K+ etc.

FAT TISSUE rich in fat (triglyceride) (vit. E) (carotenes)

EGGS- rich in protein, vitamins, some trace elements, triglyceride, Linder 1991

cholestero!
MILK- rich in protein, lactose, Ca*, triglyceride



Plasma membrane
 lipids
e proteins

 hold together by non-covalent interaction
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Phosphoglycerides

e phosphoglycerides
glycerol + 2 fatty acid chains + 1 phosphate group
e phosphate group links to
glycerol (phosphatidic acid)
ethanolamine (phosphatidylethanolamine)
choline (phosphatidylcholine; lecithin)
serine (phosphatidylserine)

threonine (phosphatidylthreonine)
Inositol (phosphatidylinositol)



Phosphoglycerides
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Figure 2-14 Organic subunits commonly linked to glycerol by a phosphate group in
phospholipids. The site at which the subunit links to glycerol via a phosphate group is

indicated by the dashed line.

Wolfe 1993
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Phosphingolipids

 sphingolipids
built on a sphingosine backbone
* phosphate-containing sphingolipids
sphingomyelin
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Sphingolipids

T
%)
m:'--: :

Wolfe 1993 : : . 13
sphingosine  ceramide sphingomyelin



slightly

cholesterof (27C)

http://www.people.vcu.edu/~urdesai/ahlp.hl.gif

14



Membrane proteins

* Integral proteins
e peripheral proteins

Glycalipid Transmermbrang

Ghycosilated integral protein
integral protein Chaolesterol

e

Cholesteral

FPeripheral Peripheral protein
Frotein wath covalent with non-covalent
lipid linker lipid linker
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Endomembrane System

21

Pike and Brown 1984



Functions of ER

RER: protein synthesis in ribosomes
SER: lipid and lipoprotein synthesis

SER in the skeletal muscles: sarcoplasmic reticulum
calcium ATPase (or pump)

SER iIn the liver: a system for detoxification and
metabolism of drugs
cytochrome P450 system

22



Outer membrane

e

Respiratory stalks

Matrix space
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Reactions 1n mitochondrial matrix

« decarboxylation of pyruvate
pyruvate acetyl CoA

» Krebs (tricarboxylic acid, TCA) cycle
e transamination

e amino acid oxidation via TCA cycle

e Urea cycle (beginning)

 NEAA synthesis

 fatty acid oxidation
fatty acid acetyl CoA

e polyamine synthesis

24



Reactions In mitochondrial inner
membrane

e respiration

 electron transport chain and oxidative
phosphorylation

25
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Electron Transport chain on NADH and FADH,

Cristae mem br ane from Kreb's cycle

Cristae

Matrix

Inner

membrane

Large electrochemical proion
rad ent drives ATP synthase

to synthesize ATP

http://cellbio.utmb.edu/cellbio/mitochondria_1.htm




Electron transport chain
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ATP synthase

Matrix
ADP + Pi

Elem entary
Particle
(F1 particle)
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Functions of Golgl apparatus

e package into zymogen granules
e carbohydrate group modification
 sorting different proteins into different vesicles

30



Functions of lysosomes

abundant in macrophages and leukocytes
present in greatest numbers in kidney cells

contains hydrolytic enzymes

hydrolyze proteins, nucleic acids, polysaccharides,
phospholipids

bone resorption (mineral removal)

lysosomes of osteoclasts promote dissolution of minerals and
digest collagen

31



Dysfunctions of lysosomes

* Type Il glycogen storage disease (Pompe’s disease)
missing lysosomal hydrolase (o-glucosidase)
accumulation of glycogen in vacuoles
glycogen can not be mobilized for metabolism
proteolytic destruction of muscles

 Rheumatoid arthritis
assoclated with incomplete cellular autolysis

failure of lysosomal enzymes to perform their function of
digesting dead cells and debris

lysosomal enzymes released from cells of synovial lining

Infecting organisms to cause membrane and cartilage

damage
32



Functions of peroxisomes

contains catabolic oxidative enzymes

absence of acid phosphatase (different from lysosomes)
In plants and microorganisms: gluconeogenesis

H,O, metabolism

H,0, catalase | H,0 + % O,

degradation of purines

urate oxidase, xanthine dehydrogenase

oxidation of ethanol (detoxification)
alcohol dehydrogenase (ADH)

CH;-CH,-OH + NAD* » CH,-CHO + NADH + H*
ethanol acetaldehyde

B-oxidation of unsaturated fatty acids 33



Functions of peroxisomes

« deamination of D-amino acid
D-amino acid oxidase

D-amino acid + H,O m g

FAD FADH,

a-keto acid + H,0O,

catalase

\4

H,O +% 0,

34



Liver

e processor and distributor in metabolism

e primarily responsible for the synthesis of urea,
creatine, plasma proteins, triacylglycerol,
phospholipids, and bile acids

* Blood enters liver: 65~75% from portal vein
25~35% from hepatic artery

35



Functions of liver

1. Regulation of blood glucose level
maintenance of normal [blood glucose]

rate of glucose entry into blood ~ rate of glucose
withdrawal

withdraw glucose from the blood for synthesis of
glycogen (glycogenesis) for storage

supply glucose derived from its readily available store
of glycogen through glycogenolysis

36



Functions of liver

e Postabsorptive state
maintain blood glucose concentration: 80~100 mg/dL
by glycogenolysis and gluconeogenesis

I.e. overnight fasting glycogenolysis/gluconeogeneis
(75% vs 25%)

blood glucose in normal individuals: 60~160 mg/dL
(remain constant)

normal control of glycosylation to proteins: blood
glucose < 180 mg/dL

normal brain function requires ~ 6 g glucose/h

which can be delivered only if arterial blood contains
> 50 mg/dL 37



Glucose transporters (GLUT)

GL
GL
GL

./

./

et

T-1~GLUT-13
T-1: In most tissues during gestation
T-2: primarily in liver, intestine, and

kidney, insulin-independent
GLUT-3: In the Intestine and neurons

GLUT-4: in skeletal muscles, heart, and
adipose tissue, insulin-sensitive
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Functions of liver

2. Gluconeogenesis

In liver and kidney during fasting or heavy
exercise

when carbohydrate intake is limited and body
glycogen stores are depleted

sources: lactate (60%0), glucogenic amino acids
(25%), glycerol (10%), pyruvate (5%o)

proves for recycling of lactate (Cori cycle) and
glycerol accumulated in muscles

39



Gluconeogenesis

lactate pyruvate alanine glycerol

LAC PYR AII_A GLL
4 | ; ™
LAC \ \ " GLN
SER-+——SER 2 pyR ——ALA GLL |
GLYdL—GLY \| quP
GLYP G6P =—==GLU—t=> GLU
GLUT l M
- F6P
DHAPR 4
ASP ' DP
G3P
3
PG
| 2PG
THRT —~ THR -~ 1
N = PEP
\_ _/

Pike and Brown 1984
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Gluconeogenesis

* In skeletal muscles and adipose tissue:
"." lack of glucose-6-phosphatase (G-6-Pase)

glucose-6-phosphate glucose
G-6-Pase

lactate %»glucose
gluconeogenesis

41



Functions of liver

3. Cori cycle
o oxygen supply is limiting (exercising muscles)
 In the absence of mitochondria (in RBC)

(1)early 12-h fasting: between liver and muscles,
liver and RBC

(2)24~48-h fasting: between liver and RBC
(3)pregnancy: between liver and placenta
(4)heavy exercise: between liver and muscles

42



Cori cycle

liver blood muscles
lactate < lactate
A
anaerobic
gluconeogenesis glycolysis
v
glucose »glucose

lactate accumulation IS 0xyJen debt

acldosis
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Functions of liver

4. Alanine cycle (glucose-alanine shuttle)

e a mechanism for skeletal muscle to eliminate
nitrogen while replenishing its energy supply

(1) fasting
(2) exercise

44



Skeletal muscles

ALANINE CYCLE

trans

Extrahepatic Cells Blood Liver
Glucose — Glucose
gIVCOIyS'S Amino acids 4—-= =~ Amino acids
gluconeogenesis
' ] Urea
Pyruvate P 1te
y ! urea\ yruva
amino aci
—NH f cycle  _NH,
aminati | _ deamination
~ o-keto aqid
“Alanine ~ Alanine

Pike and Brown 1984
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Functions of liver

5. Ketogenesis

e as an important fuel for brain, heart, and
skeletal muscles

(1) starvation

(2) lack of carbohydrate (a very low
carbohydrate diet)

(3)diabetes
— high rate of fatty acid oxidation ({ glucose ox.)

—accumulation of acetyl CoA (exceeds the
capacity of TCA cycle) ®



Functions of liver

o ketone bodies: acetoacetate
B-hydroxybutyrate
acetone

e occurs in liver mitochondria

e °." fatty acids can not pass blood-brain barrier
to brain

.. brain utilizes ketone bodies for fuel

47



Functions of liver

acetone is difficult to oxidize in vivo

if T1 acetoacetate formed is faster than it can
be oxidized

— 7T [ketone bodies] in the blood

— ketonemia

If blood level exceeds the renal threshold

— ketone bodies (H,O-soluble) are excreted in urine
— ketonuria

ketonemia + ketonuria — ketosis

48



2 acetyl CoA

thiolase [~
o CoASH HMG CoA P
3COCH,CO—SCoA + CH,CO—SCoA + H,O —— HOOCCH,C CH,CO—SCoA
Acetoacetyl CoA Acetyl CoA synthase |
‘ CH;
3-Hydroxy-3-methyl
glutaryl CoA
o+
CoA—SH
| HMG CoA
3-Hydroxy-3-methyl glutaryl CoA — CH3;COCH,COOH + CH,CO—SCoA
- Iyasel Acetoacetic acid | Acetyl CoA

Figure 15.5 illustrates the pathway of ketogenesis in the liver cell. Acetoacetate,

thus formed, may be reduced to form B-hydroxybutyrate in a reversible reaction
or decarboxylated to form acetone. |

_ nzymatic
NADH+H* Acetoacetic acid nonenzy

B-hydroxybutyrate ~ / NADH+H" deccgrboxylatlon
dehydrogenase ., NAD N XY
CH3CH(OH)CH,COOHNAD"  cH,cOocH,
FZ-Hydroxybutyrate I | Acetone |

breathe out

Pike and Brown 1984
(sweet smell) 49



Utilization of ketone bodies

In extrahepatic cells (brain, heart, and skeletal muscles):

NAD*  NADH+H*
-Hydroxyb - AN :
p-Hydroxybutyrate B_hydmxybutyraz{geto?cetate succinyl CoA
dehydrogenase CoA transferase
TCA «—2 Acetyl CoA +— -
eycle Y thiolasglcetoacetyl CoA succinate

Pike and Brown 1984
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Ketogenesis
Acetoacetate  B-Hydroxybutyrate Fatty acids |LIVER|

1 CELL MEMBRANE
Fatty acids

cytoplasm
i

Acetoacetate  [-Hydroxybutyrate  Fatty acyl CoA ——Triacyl glycerol stores
1 |

F
Fatty acyl carnitine

rA r———*—-———---—-———-———_— ey

cetoacetat/-iB—Hydroxybutyrate Fatty acyl carnitine’y

NADH+H* NAD*

' .
l !

l b

; ! MiTocHoNDRION
' Ac CoA '

: L—/ NADH+H* NAD* : |

I i

) .i

] |

AcAc CoA —=—Ac CoA ~>=——= Fatty acyl CoA
8-Keto acyl B-Oxidation
thiolase

Pike and Brown 1984



Functions of liver

6. Plasma protein synthesis

albumin 150~250 mg/kg bw Is synthesized daily In
adult humans

synthesis and release of one albumin: ~30 min

during fasting and malnutrition: |\ albumin synthesis
malnutrition children: 100~148 mg albumin/kg/d
well nourished children: 222~233 mg albumin /kg/d

52



Functions of liver

/. Creatine synthesis

occurs In liver and kidney
precursors: glycine, arginine, ornithine, methionine

after synthesis, creatine iIs transported to muscles

. . creatine kinase .
In muscles: creatine — <. Phosphocreatine

ATP ADP
A/pontaneously

iIndicator of amount of ~creatinine
existing muscle mass~ 0.3~0.5% muscle mass (by wt)

— can not be metabolized and is

estimates kidney function
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H,NCH, COOH I
HyN — C — NH — CH,— CH, —CH, — CH — COOH

Glycine
Arginine l
e 'NH,
/NHz H;N — CH; — CH, — CH, — CH — COOH
HN — C\ | Omithine LHz
HN CH, COOH '
Guanidoacetic acid
I IVer S-adenosylm
S-adenosyl homocysteine
N ~
/H2 ATP A N}{ @
HN=—/C L——T» N=—C
\N — CH,— COOH ADP. o N
| 2 creatine T“ CH; — COOH
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Functions of liver

. Urea synthesis (detoxication)
occurs In liver, kidney, intestine

disposal of ammonia arising from deamination and
from absorbed ammonia synthesized by intestinal
bacteria from urea and other sources

glutamine serves as a major transport form for amino
groups from peripheral tissues to liver
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Functions of liver

9. Plasma lipid synthesis
o fatty acid synthesis

e plasma triacylglycerol, phospholipids, lipoproteins
(VLDL, HDL)
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Functions of liver

10. Cholesterol synthesis and degradation

synthesis occurs in liver, adrenal cortex, skin,
Intestine, testis, aorta

In cytoplasmic matrix
rate-limiting enzyme: HMG CoA reductase
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Figure 15.9
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Pike and Brown 1984 59



Functions of liver

11. Bile acid synthesis

 Dile salts: promote solubilization of lipids and lipid-
soluble materials for absorption through mucosal
membrane

e primary (including conjugated) and secondary bile
acids
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Functions of liver

12. Bile pigment formation
e derived from heme breakdown
Tdegraded porphyrin ring

biliverdin (dark green)

blood )
reduction

bilirubin (orange-yellow)

l l+ albumin

to liver for clearance  digestive tract

l /r: bile y

diglucuronide derivative



Summary

e Functions of organelles in eukaryotic cells are
complicated.

o A variety of metabolic pathways occur in different
organelles.

o Liver is responsible for a variety of synthesis,
metabolism, and regulation.
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