









































































































Gluconeogenesis
lactate glucose
pyruvate glucose

Glyeonegenolysis glycerol glucose
Glycogen Glucose glucogenic 00 glucose

glucose increased

CARBON METABOLISMS

1
knobs glucose decreased Glycolysis

Pyruvate Oxaloacetate Glucose Pyrivot

pentose phosphate pathway Glycogenesisglucose 6 ribose 5

phosphate phosphate Glucoz Glycogen
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Carbon Metabolism

Glycolysis
intro glucose versatile prensson biosynthetic reaction

expected glucose level 70 100

Glucose oxidation giyiolysis pyruvate
oxidation pentose phoshote ribose

5 phospho
storage

glycogen
glycolysis general Glucose 2 pyruvate

2 NADH LATP
in cells with mitochondria
and odeavote supply of energy

6h lose lactate

anaerobic glycolysis
just bas pyruvate not enter Mito

reaction of glycolysis ene g.in vestment
phosphorylate

energy generation synthesize
of ATP Pyrvate
NADU



Step HEXORİNASE GLUCO KİNASE

Glucose Glucose 6 phosphate
hexokinose

Regulatory Enzyme irreversible

FEEIE.in FEEmoncens
B cells of pancreas

km low high
Umax 10W high

nhibition_yes 10

by GGP
noucible no yes insulin

intracellular blood glucose cont

glucose concert

glucokinose indirectly
inhibited by fructose 6 phosphate



Step PHOSPHO GLUCOSE ISOMERASE
Glucose 6

phoshotgnoffaefrvctose
6

phoshateisomeros.ee

Step PHOSPHOFRUCTORINASE L

ructose 6 phosphate Fructose 1,6 bisphosphate

ATLADA
Regulatory Enzyme_ irreversible

Regulation of PFK 2

Fructose 2,6 diphosphate
the most potent activator



Step ALDOLASE
fructose 1,6 bisphoshote

pinyoroxyocetone61ggiffnEF.nognaephosphate
isomers

Step TRIOSE PHOSPHATE ISOMERASE

Dihydroxy acetone Glyceraldehyde
phosphate 3 phosphate

tnifphophoteisomer.us

Step GLYCERALDHYDE 3 PHOSPHATE DEHYDROGENASE

Glyceraldehyde 1 3 biphosphoglyie.ae
3 phosphate

3phosphate denydogenos



Step PHOSPOGLYCERATE KINASE
ADP ATP

3 biphosphoglycerote
3

phosphoglyienatephosglycer.ae

kinase

FIRST ATP GENERATION OCCURS

Step PHOSPOGLYCERATE MUTASE

3 Phosphoglycenote s 2 phosphoglyce.ae
phosphogluconate
mutase

Step ENOLASE

2 Phosphoglycerate Phosphoenolpyruvate

Step PYRUVATE KINASE

Phosphoenolpyruvate FEET punate

kinase

Regulatory Enzyme irreversible

SECOND ATP GENERATION OCCURS



IIII.IE ynwaekinose is activated by
Fructose 1,6 bisphosphate

Hemolytic anemia caused
glucose 6 phospho
dehydrogenase

pyruvate kinases

Anaerobic glycolysis
no net NADM

Hormonal regulation
of glycolysis



Glycogen Metabolism

Utilize glycogen to fat

fatty acids cannot metabolized anaerobically
all humans cannot Convent fat to glucose
muscle cannot do fat as efficently as glycogen

Glucose
diet

obtained degradation of glycogen rapid

gluconeogenesis slow

Glycogen_buffer to maintain blood glucose
level

glucose from them energy for strenuous

found in liver and skeletal activity
muscle

Step HEXOKINASE

Glucose E Glucose 6 phosphate
ATP ADP

fate of Glucose 6 p
glycolysis
pentose phosphate pathway

glycogen synthesis
degradation to freeglucose



activation of glucose

UDP glucose glucose donor

in biosynthesis of glycogen
ACTIVATED FORMS OF GLUCOSE

2 synthesis of UDP Glucose

glucose 1 phosphate
UTP

TFI
UDP glucose

Pyrophosphorylase

3 coding UDP

UDP glucose Glycogen In residual

VDP Glycogen Cntfesiones

Glycogenin _primen function
enzyme
produces actin linked glucolly chain

glucose receptor absence of glycogenfragment



Step Initiation GLYCOGEN SYNTHESIS
making a 1 4 bonds

elongate existing chain

each subunit of glycogen catalyzes eight

synthesis of a primer to initiate

Step Elongation GLYCOGEN SYNTHESIS
new glucolly residues added to nonreducing end

formation of e C 114 linkage

Step Glycogen Branching TRANSGLUCOSIDASE

only 114 1,61
increases solubility site for action
increases terminal residues of synthase and

phosphorylase
rapid storage
provide degradation of glycogen



Glyconegenolysis

general not reversal
a separate set of cytosolic enzymes

stony begins

primary product
glucose 1 phosphate

breaking
a 11 4 glycosidic bond

enzyme

Glycogen Phosphorylase

Glycogen Phospontyose

Pyridoxal phosphate CPLP required as coenzyme

Allosteric enzyme

phoshonylose 6 P

phoshonyloseaphosjhyylose.AT
Glycogen Phosphorylase cleaves glucostly residues

from glycogen until four glucolly residues remain on
each chain LIMIT DEXTRIN



Debranching Enzyme
first Lik transferase remove

the outer 3 out of the reside

on limit dextrin

remaining single residues
Eleaved by 1 b glucosidase

releasing one free slucose

Conversion of 6 1 p to 6 6 p

Glucose 1 phosphjfspjpmfkeoseb phosph.at

common in muscle and liven

Glucose 6 phosphate Effy
into endoplasma

reticulum

Glutose b phosphate trans lose

lucose 6 phosphate glucose
glucose 6 phosphatase

just in liver

muscle cannot produce glucose Gcs lock of

5 viose 6 phosphatase

glucose 6 phosphate enters glycolysis

energy for muscle contraction

reminder phosphorylated glucose is not
transported out of the muscle cells



Regulation of

Glyconegenolysisq.EE
seFaycosen9G6P

PATP
Glyeonesenolysis Glycosenesis

gycogapnospnony.se gycosasuntnasa

Glucagon
Norepine
Epinefrin
i oeA Glucose

phosphorylase phosphorlouse
kinase A

kinase B

when there is urgent need for ATP
in muscles

the cot binds CALMODULIN
complex activates muscle and hepatic
phosphorylase kinase 6



Glycogen storage Diseases

formation of glucose that is 99195TL
excessive amounts of normal glycogen

Ia Von Gienges Disease Glucose 6 phosphates
Ib Glucose 6 P translocase

Pompe's disease Acid maltose

11 3 1 of glycogen degraded by lysosome
enzyme acı 4 glucosidase by tose

only lysosomal storage disease

III Conis disease Debranching enzyme

Anderson disease Branching enzyme

U Mcardle disease Glycogen Phosporiyose
muscle



Gluconeogenesis
general Synthesize glucose from non_canbonhydrot

anabolic pathway precursors
in liver 190 kidney 1010

prolonged fast kidney up to 40
glucose motor source substrate for gluconeogenesis
brain lactate
nervous system pyruvate

yeryüzüne
fgyegygfgyyagyyggy.gg

renal medulla

embryonic tissues
of Slucogenic aa

Lactate as a substrate

THE CORI CYCLE
lactate formed during

strenuous exercise and the tissue

locking mitochondria



Amino acids as a substrate

glucogenic on converted
into glucose
ketogenic on converts
into ketone bodies
the source of pyruvate on
oxaloacetate forgluconeogenesisis mainly 09
catabolism

Glycerol as a substrate

source of glycerol
hydrolysis of tri acylglycerinadipose tissues

adipose tissues lock

enzyen glycerol kinase

this three steps are
irreversible in gycotys

din gluconeogenesis
three major berries are

bypassed by successive
steps



Successive Steps in order

Step PYRUVATE CARBOXYLASE

Bicarbonate Pyruvate Coat H2O Oxaloacetate

in mitochondrial matrix carboxylase
ADPATP

Bff oxaloacetate can't pass
out of the mitochondria
it is converted to malate

step PEP CARBOXY KINASE

Oxaloacetate F Phosphoenolpyruvate CO

in the cytosol GTP GDP
reversible

ft Alternative pathway
cytosolic NADH is generated
in LDK reaction and not have

to be shuttled out of the

mitochondrion



Step FRUCTOSE 1,6 BISPHOSPHATASE

fructose 1,6 bisphosphate Fructose 6 phospote P
420 fructose 1,6

irreversible bisphosphatese

Mg dependent enzyme

present in liver kidney skeletal muscle

absent from heart and smooth muscle

step GLUCOSE 6 PHOSPHATASE

Glucose 6 phosphate 420 Glucose Pi

not occur in cytoplasm transported into

the lumen of the endoplasmic reticulum

T1 transport glucose 6phosphate into the lumen'ER
72_transport Pi to tytosol

Ty transport glucose to the cytosol

Th Co binding protein stabilizing protein
essential for phosphate
activity

just found on liver and lesser extent kidney



An Extra_ Glucose alanine cycle

alanine produced by
transamination
transfer of one 00 group
one molecule to another

in active muscle lactate
used in this way

Regulation of Gluconeogenesis

allosteric regulation of
gluconeogenesis



F2,6 BP formedMI
catalyzed by CPFK 2
phosphofructo kinase 2

PM
hydrolyzed F 6 BP

by fructose Bisphosphate
CFB Bose 2

F2,6 BP binds to
allosteric site on PFK
increase affinity for
f 6 P reduces affinity
for allosteric inhibitors

PFK 1 inactive in the ATP and citrate

absence of F 2,6 BP

F 2,6 BP activates PFK 1 stimulate glycolysis

f 2,6 BP inhibits FBPASE 17 Slow glutonegnes



Krebs Cycle

general info
consume 02 produce CO2

captures energy stored in lipids
and aa

acetyl CoA obtained from diverse
sources

intermediates can be used to

synthesize different compounds

steps of Krebs cycle

1 Acetyl CoA production from organic
2 Acetyl CoA oxidation Cin to

prodrie 02
3 Electron transfer o_0 oxidative
phosphorylation gi e their e s to 02

forming ATP

location
1 Glycolysis in cytoplasma
2 AIA cycle in mitochon matrix

3 Just succinate dehydrogenase
in mitochondrial inner membrane

2 Oxidative phosphorylation in
inner membrane



by o series of reactions

a number of reducing evident
are removed
4 oxidized to water in respiratory
chain

fate of pyruvate
oxide

TEE on

lactate anaerobi

alanine Ioa sunt

Laf oxaloacetate

alcoholic fermentation's'uconeogenesi

ethanol COL

Pyruvate to Asetil CoA

pyruvate Asetilon co
complex CE EYE
NAD NADH

pyruvate transported mitochon
by a proton symporter
decarboxylated by PDM to form
acetyl CoA
Innevensible reaction



PDM complex
1 Pyruvate dehydrogenase
2 Dihyoolipolytronsocetylose3Dihydoli.pely dehydrogenase
PDM requires 5 coenzyme
Prosthetic groups TBP lipo ate

co substrates NADt.EE
SKTPP

ThiomineCBilFADRiboflouinCB2I
NAD Niacin B

CoA Panthotheric acid CBI
How it works

lipoic acid join by on amide link
to enzyme complex
it forms a long flexible arm to
rotate btw active sites of enzymes

Regulation of PDH
inhibited by Acetyl CoA andNADH
PDM kinase phosphorylated

inactive
PDM Phosphatase

deffi.ve
inhibited by ATP



An Extra Structure of CoA
associate complete function disso

function accept and carry acetyl
thioester high acyl group

soups

transfer potential

Pyruvate to lactate

pyruvate lactate degeneration ofNADSustains the continued
dehydrogenase glycolysis under ancient

conditions

Pyruvate to oxaloacetate

biotin is coenzyme

Oxaloacetate used for synthesis
of aspartate phosphoenolpyruvate
on utilized in TAC

Pyruvate to Alanine

transamination
important for catabolism
and synthesis of
non essential aa



Krebs cycle step by step

Step Citrate synthase
uses acid base catalysis

carbonty of oxaloacetate
is good electrophile
methyl group converted to

methylene

activity largely depends on Oxalo acetate
irreversible

Step Aconitose

isomerationbydehydrotion
twostep.s dehydration nitate

rehydrationisocitratethis asymmetric behavior provides
citrate in the cytosol as a source

of asetayl CoA for fatty acid synthe



Aconitose extras

as water removal from citrate addition to Günitate
catalyzed by iron sulfur center

4 function as electron carrier
act both substrate bindin catalyzing

when Fe is deficient aconitose loses its Fes
center ocavire new role in Fe homeostasis

Cytosolic Aconitose a regulator of protein synthesis
transferrin carries Fe in blood C Fe

transferrin receptor receive endocytosis Fe
ferritin stores excess Fe in the cell

apoaconitose regulates protein levels by stabilizeon unstobilize the mRNA of transferrin
receptor or ferritin

fluoro acetate strong inhibitor of aconitose

fluoroacetty CoA condenses with oxaloacetate
to form fluoro citrate which inhibits oconitose
cause citrate accumulate

anticancer agents industrial chemicals pesticides



Step Isocitrate Dehydrogenase

CO2 generated
irreversible

Step a ketoglutarate Dehydrogenase complex

net full oxidation of all carbons
of glucose
irreversible

e ketoglutarate dehydrogenase comp
hiamin disphosphote lips ate

NADT FAD and CoA same as PAH
comp

subs note level phosphonilotion
succinty cart high energy

thioester bond
this bond allows for incorporation

of inorganic phosphate into ADP or GDP
goes Through phospho enzyme isteme
produces GTP converted ATP

directly ATPreversible



Step Succinate Dehydrogenase
succinate dehydrogenase
floroprotein
bind to mitochondrial intörn
three different inan_sulfur
cluster and FAD

Electron pass from succinate through the FAD
and iron sulfur center before entering ETS

Step Fumarase

addition of water is always
trans forms c malate
cannot work on malate

step Malate Dehydrogenase

regenerates oxaloacetate
Oxaloacetate concentration kept
very low by citrate synthase



Overview to Krebs cycle

net oxidations of two cantons
o 02

generates 1 GTP
3NADH 1 FADA generated
the effiliency of oxidation

of glucose is nearly 40

importance of it

final catabolic pathway for
carbonhydrates lipids and protein
glucose fatty acids and May

amino acids can be synthesized
from intermediate

Capture of energy as ATP

regulation of it
1 regulatory enzyme inactive in
the observe of acetyl CoA
2 more acetyl CoA more activity
irreversible steps
PDH citrate synthase IDM a KDU
inhibitors NADH ATA
activators NAD AMP
Cok in muscles activates cycle



New Roles for TCA cycle intermediates

As a signaling molecules

tontrolling chromatinmodifico
DNA methylation the hypoxic
response and immunity

catabolic noles

carbonhydrates
all the carbonhydrates can be converted
into glucose by glycolyticpathway and TAC

lipids
Oxidation of fatty acids Acetil CoA

propionly CoA formed from fatty acids
converted into succinty cost

glycerol released from lipids
can be converted into pyruvate by

glycolytic pathway



amino acids

GLYCINE GLUTAMINE VALINE LEUCINE
ALANINE ARGININE ISOLEUCINE LYSINE
SERINE HISTIDINE METHIONINE
THREONINE PROLINE AcetylCOA
CYSTEINE
TRYPTOPHAN

GLUTAMATE SUCCINLY COA

HYDROXYPROLINE
e KETOGLUTARATE

PYRUVATE

PHENYLALANINE ASPARAGINE
TYROSINE ASPARTATE

FUMARATE OXALOACETATE

anabolic roles

glucose fatty acids many 09
synthesized from intermediatesof
Krebs cycle
inter convention of nutrients

or all intermediates converted
to oxaloacetate

oxaloacetate substrate for
to produce gluoneogenes

glucose



fatty acids synthesized from ocety
COA

acetyl CoA formed in mitochondria
but fatty acids are synthesized in
cytosol

Acetyl CoA cannot pass mitochondrial membrane but
citrate con

Acety CoA converted into citrate in mitochondria
Citrate goes to cytosol cleaved into acetyl COAT

oxaloacetate
this way acetyl CoA used for fatty acid synthesis
Bcs krebs cycle perform both anabolic and
Cathobotic functions it is amphibolite pathway



Pentose Phosphate Pathway

General info _all cell types and tiss ve

in live 30 glucosemetabolized
occurs in cytoplasm by it

produces NADP
fatty acid synthesis
oxidative stress homeos

cytchrome 8450
enzymes

not produce ATP
form NADPH the synthesis

of ribose

happen in two state

Oxidative non reversible

dehydrogenation ono decarboxylation
Ribolose 5 Phosphate

Nonoxidotive reversible

mainly two enzymes
transketolose

tron sol dolesa

Glucose 6 Phosphate



Oxidative non reversible

final product ribulose 5 phosphate CO2
two molecule of NADPH for
each molecule of glucose 6
Phosphate

important ot in liver and ofise active in

NAPPY dependent synthesis of

in testes ovaries placentafatty
acid

adrenal cortex

NADPH dependent synthesis of

in erythrocytes
endürmon

4 NADH to keep glutathioneirreversible
reduced

oxidative

reactionstep GLUCOSE 6 PHOSPHATE DIHYDRO
venture

step 6 PHOSPHOGLULONOLACTONE HYDROLASE
6 PHOSPHOGLUCONATE DEHYDROGENASE

116phosphoglucotoctone 6 phosphogluconate
26 phosphogluconate Ribulose 5 phosphate

NADPH
1 irreversible not rote limiting
2 reversible rate limiting



lol regulation of 66pA NADPH insulin inhibits

reversible

EEEI.EE tpnospnaetooeconented

ribose 5 phosphate or intermediate of glycolysis
fructose 6 phosphate
Slyceraldehyoe 3 phosphate

step RIBOSE 5 PHOSPHATE EPIMERASE

Bla transketolose transfers two carbon 2 units in

thiamine pyrophosphate APP requiring
reaction

transoldo lose transfers three torbon 34 units

00glycolytic pathway



Uses of NADPH

NADPH provides reducing power for biosynthetic nin

NADPH dependent biosynthesis of fatty acids
and steroid hormons

Reduction of hydrogen peroxide

reactive origen intermediates injury cancel aging
inflammatory disease

the cell regenerate
reduced glutathione in
Gluathione Reductaseusing
NADPH as a reducing
equivalents
thus indirectly provides
electrons for the reduction
of hydrogen peroxide

Cytochrome Ph50 Monooxygenase System

mitochondrial system in steroidogenic tissues used

to hydroxide intermediates in the
conversion of cholesterol to steroid
hormones

microsomal system associated with the membranes of
smooth ER the detoxification of
foreign compounds



Phagocytosis by White Blood cell

oxygen independent use pH changes in

Phagolysosomes and lysosomal enzymes
to destroy pathogen

oxygen dependent include enzymes

NADPH oxidase and myeloperoxiooseLUPO

work together in killing bacteria

Synthesis of Nitric Oxide

NO is endothelium relaxing falter
causes vasodilation by relaxing
vascular smooth muscle
oct Os neurotransmitter
prevent platelet aggregation
plays essential role in macrophage

function

66pA Deficiency
inherited disease characterized by hemolytic orem

caused by the inability to detoxify oxidizing agents

most common enzyme abnormality
impair ability to produce NADPH

result in o decrease in the cellutofotificationn
treated by oxidant drugs

favism fava beans
infection

4gAHenativeYEP.PL




