!'_ Glucose metabolism



Metabolism

o Most pathways can be classified into:

o ‘Catabolism: degrade complex molecules (proteins,
carbohydrate and triglycerides) to few simple products (CO,,
NH; and H,0). Capture chemical energy to form ATP.
2.~ " Considered a convergent process (large no. of substances
are degraded to few common end products).

o ‘Anabolism: synthesize complex end products from simple
precursors. Requires energy which is %y_cic_led by the
breakdown of ATP.(Considered a divergen/?’brocess (few
starting precursors produce wide variety of complex
substances)




Catabolism
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Reqgulation of metabolism

Q

Signals from within the cell (intracellular)

.CJ‘ 2

./’['7’ \
The rate of a %eta}bwollc paﬁhwayénay be influeér;ced by the

G7avai|abi|ity of substrates, product inhibition, or alterations in

the levels of allosteric activators or inhibitors.

Communication between cells (intercellular)

Can be mediated by surface-to-surface contact, hormones
and, in some tissues, by formation of gap junctions
Second messenger systems

Two of the most widely recognized second messenger
systems are:

The calcium/phosphatidylinositol system
The adenylyl cyclase system



Communication between cells

Synaptic signaling
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Slide 5 — Communication between cells
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1. Synaptic signaling
asvesl] jlaxdl B Gasy liw

Nerve cell j 4 neurotransmitter Jio acetylcholine oi
norepinephrine: - b g target cell.

2. Endocrine signaling

Bausy ddsd aogy padlg 1pall S hormone jyii 302 of duls

:Jlo

e Pancreas j)& insulin
® Pancreas j, glucagon

e Adrenal medulla j,&5 adrenaline

3. Direct contact | Gap junction

9l ions J&iiis .gap junctions §uyb (e pasy duaio oS5 LY
.8 ble small molecules
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Bolg dSiuius




Reqgulation of metabolism
Adenylyl cyclase

n Unoccupled receptor does 00&5—"00 receptor changes [ a Subunit of G.-protein When hormone Is no longer
not interact with G,-protein. shape and interacts with dissociates and activates present, the receptor reverts
: G,-protein. G,-Protein releases adenylyl cyclase. Lo regtlng lssuh'edrow :3 the
gg'f&f':” 0 Hon:;::: ':{" neeruro- _GDP and binds GTP, ‘ o ::}t;g E;:::’eg%m e
Cell membrane ‘ r1 < 4 kL e FO0E0 Al - e
WmeeRr v eees l f ? U t‘L?:!? w 11 Lpsl—'f YT (i
R AR A 8 3 l\[ XXXX ‘LTF‘ m—l L 'ffjﬁfff.\'g J‘i L’ S0REY @::1” L
Gs-protolr: 2 - x l.";:,:;:’,;, ‘ | o L2 = (‘ Inactive :
with bound m,;, GTP GDP cyclase | p, adenylyl |
S cyclase N | i3] CAMP + PP, R
\
1, GTP-dependent regulatory proteins (Gs and Gi-proteins)
2. Protein kinases: phosphorylates different proteins and enzymes
3, Dephosphorylation of proteins: Phosphatases reverse the effect of

kinases.



Slide 6 — Regulation of metabolism: Adenylyl cyclase
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Slide 7 — cAMP-dependent Protein Kinase A
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Mo

POSsONNaAse

e Kinases wawai phosphate
® Phosphatases J«ii phosphate

0

INTRACELLULAR Dephosphoryiated
Kinase adds phosphate. Phosphatase removes phosphate. EFFEC ]’S DIOQQ“\
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Transport of glucose to cells

Glucose cannot diffuse directly into cells, but
() enters by one of two transport mechanisms:

Na-independent, facilitated diffusion transport
system

In facilitated diffusion, glucose movement
follows a concentration gradient

Tissue specificity of GLUT gene expression:

GLUT-3'is the primary glucose transporter in’

neurons

GLUT-1 is abundant in erythrocytes and
brain, but is low in adult muscle

GLUT-4 (in adipose tissue and skeletal
muslc_le). Their number is increased by
insulin

GLUT-2 (in the liver, kidney, and p cells of
the pancreas? can either transport glucose
into these cells or from it depending on
blood glucose levels

)

Glucose
Glucose

Extracellular ., transporter
space / /O\\ {state 1)

\\X/; Cell membrane
Cytosol
£ = = = JGluwse
xtraceliular transporter
space ;/\)"\\ (state 2)

{ / l\. l"

! \p
Cytosol L‘/

e

<O




Transport of glucose to cells

« GLUT-5'is the primary transporter for fructose in the small intestine
and the testes

= GLUT-7 gin the liver and other gluconeogenic tissues) mediates
glucose flux across the endoplasmic reticular membrane.

Na-monosaccharide cotransporter system: is an energy-
reqéliring process that transports glucose against a conc.
gradient

= This system is a carrier-mediated process in which the movement
of glucose is coupled to the conc. gradient of Na, which is
trasported into the cell at the same time.

= It occurs in the epithelial cells of the intestine, renal tubules, and
Choroid plexus.

= This system is mediated by a family of fourteen glucose
transporters-in-cellmembranes (GLUT-1 to GLUT-14)

They exist in the membrane in two conformational states.
Extracellular glucose binds to the transporter, which then alters its
conformation, transporting glucose across the cell membrane.



Slide 8 — Transport of glucose to cells
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GLUT-1
Abundant in:

e Erythrocytes /| RBCs

e Brain
Jow in adult muscle SJ
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GLUT-4
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Slide 9 — More glucose transporters

GLUT-5
Primary transporter for fructose 9:
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® Testes
Stransporter sU cleodl J3u, fructose :cliw jgisull oJ G
GLUT-5 :wlg=dl
GLUT-7
e
e Liver

e Other gluconeogenic tissues

.mediates glucose flux across ER membrane :aaubg



Na-monosaccharide cotransporter system
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Glycolysis

o Glycolysis occurs in the cytosol of all tissues and cells

o Defined as oxidation of glucose to pyruvic acid (in the presence
of O,, Aerobic) and to lactic acid (in the absence of O,,
anaerobic)

o The catabolism of 1 mol of glucose (6 C) produces 2 moles of
pyruvate or lactate (3 C)

o Lactate is produced only in:
o RBC: as there is no mitochondria
o Exercising muscles: lack of O,
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Phosphorylation of glucose

Glucokinase g Hexokinase (s @4

= Phosphorylated sugar molecules do not readily penetrate cell
membranes (no carriers, too polar to cross)

= Hexokinase has broad substrate specificity and it is inhibited
by the reaction product,(glucose 6-phosphate

=~ It has a low Km (high affinity) for glucose. And low Vmax | Concentration
of fastin
] o . ' ] blood gluc%se
= Glucokinase (similar broad specificity): In liver parenchymal | F 3 Ve |
cells and islet cells of the pancreas | B Easaer Glicokinase |
= _In B cells, glucokinase functions as the glucose sensor, e |
determining the threshold for insulin secretion. In the liver, 3 Glucokinase |
the enzyme facilitates glucose phosphorylation during El e
hyperglycemia. R Vimax
t b hexokinase
= Glucokinase functions only whenthesintracellular e
concentration of glucose in the hepatocyte is elevated, such | ¥.... ..« . ... .
as during the brief period following consumption of a S e ]
carbohydrate- rich meal Ko K

Hexok}'nase Gluco/éfnase
Glucose concentration, mmol/L




Steps of glycolysis

o Energy investing phase:

o Step 1: glucose is phosphorylated to glucose-6-phosphate.
The reaction is irreversible and is catalyzed by either
glucokinase (GK) in liver cells and hexokinase (HK) in other
tissues.

o Step 2: glucose-6-phosphate is isomerized to fructose-6-
phosphate'by isomerase enzyme

a Step 3: fructose-6-phosphate is phosphorylated to F-1,6-
diphosphate. The reaction is catalyzed by phosphofructo-
kinase (PFK).

o Step 4: F-1,6-bP is split by aldolase into two trioses
(Glyceraldehyde-3-P and dehydroxyacetone phosphate)



Steps of glycolysis

o Step 5: DHAP is isomerized to G-3-P which is catalyzed by
Isomerase

II- Energy generating phase:
<ercsn G-3-P is oxidized phosphorylated forming 1,3-
biphosphoglycerate (1,3-BPG) and NADH‘which is catalyzed by

glyceraldehyde 3-P dehydrogenase. NADH produces 2.5 ATP in
ETC.

o Step7: 1,3-BPG gives its high energy phosphate to ADP to form
ATP converting to 3-PG. This is catalyzed by phosphoglycerate
kinase.

o Step 8: 3-PG is converted to 2-phosphoglycerate by mutase



Steps of glycolysis

o Step 9: Enolase enzyme dehydrates 2-PG forming 2-
phosphoenol pyruvate (PEP)

o Step 10:PEP is dephosphorylated giving its P to ADP to form
ATP and converted to pyruvate. Rxn is irreversible and catalyzed
by pyruvate kinase.

o Step 11: in RBC's and under anaerobic conditions NADH formed
in step 6 is oxidized to give hydrogen and pyruvate which
converts into lactate by lactate dehydrogenase

Pyruvate + NADH + H* - Lactate + NAD*

ol

b bo ¥ ETC 3 ATP k= ¥ anaerobic glycolysis: NADH (3
pyruvate Jus>d pasuiws 2 soxygen/mitochondrial oxidation
lactate J|




Slide 15 — Schematic representation
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1. PFK-1

Fructose-6-phosphate - Fructose-1,6-bisphosphate
PFK-1- ytu:

Inhibitors

o ATP
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e AMP
¢ Fructose-2,6-bisphosphate
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ATP ;S £lo W9 18 S A8l s Jle glucose - buls glycolysis.
AMP z Ll ddsdl dls )l s Jle ATP - buid glycolysis.
Citrate = Jle TCA cycle buls & dsls ddlkllg Liaw glycolysis.

Fructose-2,6-bisphosphate ss8i activator J PFK-1: o juSJl bulyJl emvg insulin/glucagon
b9 glycolysis.

2. Pyruvate kinase

PEP - Pyruvate
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Hg-WeR RV 1
Feed-forward activation
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Energy gain in aerobic glcolysis

Step 1 Glucokinase (GK) -1 ATP
Step 3 Phosphofructokinase (PFK) -1 ATP
Step 7 Phosphoglycerate kinase + 2 ATP
Step 10 Pyruvate kinase (PK) + 2 ATP
Step 6 2 NADH + 5 ATP
Net gain + 7 ATP




ATP net Hledl Wi

7 ATP Pyruvate Aerobic glycolysis

An adero b | C g cho Iys | S BEL Lactate Anaerobic glycolysis

Step 1 Glucokinase (GK) -1 ATP
Step 3 Phosphofructokinase (PFK) -1 ATP
Step 7 Phosphoglycerate kinase + 2 ATP
Step 10 Pyruvate kinase (PK) + 2 ATP

Net gain + 2 ATP




Hormonal regulation of Glycolysis

© Y [/ Glucose
o GK (or HK), PFK and PK are the key enzymes of o L2 | Insulin_
glycolysis. S Glucagon
Glucose 6-P
’ | 7
Qo @ is the most important and considered the rate Fructose 6-P |
miting enzyme. a— B Insulin_}

o NG cagon

. . Fructose 1,6-bis-P
o Hormones regulate glycolysis according to blood 4

v Y
glucose level: Giyceraidehyde 3P 5. Divydrory:
2 'After CHO feeding: blood glucose increases, this m‘s-phoilmg.ycm
stimulates insulin secretion, insulin stimulates | 0
glycolysis by increasing the synthesis of the three 3~P“°S°'1°19'vw8'e
key enzymes: GK, PFK and PK. | 2-Phosphogiycerate
o 'During fasting: blood glucose level decreases, | ,,,,osp,,*geno,py,m,e
which inhibits insulin secretion and stimulates O <~

glucagon, adrenaline and corticosteroid which Pyruvate IS Glucagon |

inhibit the synthesis of and activity of GK, PFK anc}
PK. Pyn:;late
Laclate




Hormonal regulation of Glycolysis

brtty taeew  ATP
" Bitunctional
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evated concentration of fructose 2 6-bisphosphate activates
-1, which leads to an increased rate of glycolysis.
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Decreased protein kinase A activity
favors dephosphoryiation of
PFK-2/FBP-2 complex.

2 6-bisphosphate

Dephosphorylated PFK-2 is active,
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formation of fructose 2,6-bisphosphate.
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Fructose-2,6-bisphosphate [ F2,6BP

s .glycolysis ? sole intermediate uw molecule li»
S99 regulator

High insulin [/ low glucagon
:JSYI sy
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.activation of PFK-2 JI| svss |
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High glucagon [ fasting
: pluad] Ui

¢ Glucagon Jl
e cAMP L
e PKA Jl

PKA Joss phosphorylation U bifunctional enzyme.
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Pyruvate kinase regulation

Glucagon = cAMP = PKA - phosphorylates pyruvate

kinase - inactive

.pluall Wil pyruvate J] PEP Jug>i (adg liver @

e

P glucose deliual PEP plosviw! oy paudl o3
.pyruvate J| o, udg igluconeogenesis

o> ol

Glucagon phosphorylates and inactivates hepatic
pyruvate kinase.



In-vitro inhibition of glycolysis

$ 5o Y0V

.,
o Flouride inhibits enolase enzyme (step 8)
%L,w)/b pagk 2 T Juoride oo
o It is used in toothpastes as it inhibits glycolysis in mouth bacterial
flora.

o Itis also used as anticoagulant for blood samples to estimate its
glucose content.

3 lood samtles 7 Fluertde




ETHANOLSYNTHEQS,

* Occurs In yeast and
some bacteria (including
intestinal fiora).

* Thiamine pyrophosphate- |
dependent pathway.

Fate of pyruvic acid = 4‘//

NADH + H*
Acetaldehyde Lactate

. NAD*
o Formation of acetyl CoA - NAH
ey Lyake de\‘}\utﬁe!\ﬁ& conler Aailer & PU(uvale = aceryl-co A — bochot & P 0)"’)93“ 5900 L
TCh cqde  Jo= (Thiamine-PP)

0 Formation of oxaloacetic aC|d

Juconeogenesis \J}&f@){“‘dt Coborpse Adulay &= Paluvate — oxalo alate

=

| PYRUVATE |

Replenshies TCA in "efméh*vs/ plerokic @
teachin

o Formation of lactate O

Lackare Pellw & R"’)“V‘*L"C —lochde — QAL 51 anaecobic condihiany 2 G)
dehydroaenase

etate Acetyl CoA

PYRUVATE
DEHYDROGENASE
COMPLEX
* Inhibited by

acetyl CoA.

= Source of acetyl
CoA for TCA and
fatty acid synthesis.

= An irreversible
reaction.

o Formation of ethanol (in yeast
and some M.O)

& ™Lloquniens e, 9 weas Y
@Lﬁw\\m\e —> RNeekal AQ\\LSAe, — Sthovel

XS

Yerwenyafion o= & Co9 Fo— 70 & ‘
PYRUVATE
CARBOXYLASE

* Activated by acetyl CoA.

* Replenishes intermediates
of the TCA cycle.

N \mﬁ\ —co b
Jacrabe <

@wwmh ’)Lﬁgﬁ7<i:ﬁ

oXaloaceYate * Provides substrates for
gluconeogenesis.
* An irreversible reaction.
E Prowd < |




Aerobic phase of glucose oxidation

= Pyruvic acid formed by glycolysis enters the mitochondria
where:

= it will be metabolized to acetyl-CoA by oxidative decarboxylation
and

= then Acetyl-CoA is oxidized in Kreb’s cycle

Thio-Ester
0 r*High Energy
N./OH £02 . Bond
=0 + CoA-SH ——<— CHz-C-S-CoA
CHz ; ;
NA D+ NADH
Kreb’s cycle

2 CO, + 10 ATP



A-Oxidative decarboxylation of pyruvic
acid

o Occurs in mitochondria
o Irreversible

o Needs pyruvate dehydrogenase (PDH) complex

(@)
o Requires 5 coenzymes gHS
2 (Thiamine pyrophosphate T
a 2{]ﬁp0|c acid CoA
@ A SH dehPyguvaD
rogenase A
AD - NAD
> (NAD* T CEN (el
) ; | V\ANADMH’
o sl P %
CoA-C-CH,
Acetyl CoA




=l __Regulation of pyruvate dehydrogenase

ol a3 8y0unl)

Active PDH
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Ca* protein
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S

Pyruvate
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complex
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SPDH kinase buis siJl Lo e g

.PDH by ozl 18,uiS goilaills dulle d5Ual Lot s ATP

ADP
Pyruvate

P NADH ** %
CoA | pyruvate t< > Acetyl CoA
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| CO,
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PDH inhibited by its products: NADH and acetyl-CoA.
.PDH activated when energy is low: ADP, pyruvate



Tricarboxylic acid cycle

TCA cycle Lyl yaus:

* Krebs cycle

+ Citric acid cycle

$Cw0 ol

mitochondria 8
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J

mitochondria gy ¥ RBCs (¥

a2
inal common pathway for complete oxidation of ,»
Aacetyl-CoA
00 Wl acetyl-CoA o
+ Carbohydrates

+ Lipids

* Proteins

TCAcycle pglow pgls

metabolism 8 14> &35y TCA e

Occurs in the mitochondria of
each cell

Does not occur in RBCs (no
mitochondria)

Considered the final common
pathway for the complete
oxidation of acetyl-CoA
obtained from partial oxidation
of CHO, lipids and proteins.
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Steps of TCA

o Step 1:'condensation of acetyl-CoA and
oxaloacetic acid to form citric acid.
Catalyzed by citrate synthase.

o Step 2: Citric acid is converted by isocitrate
by aconitase.

o Step 3: Isocitrate is oxidized to a-
ketoglutarate'by isocitrate dehydrogenase.
NADH is produced and CO2 is released.

0 0
CoA-C-CHy + -O-C

Acetyl CoA Oxaloacetate

Citrate <
synthase
2
CH,-C-0O°
=
HO-C-C-O°
o |
"O-C-CH,
Citrate

Aconilase l]
4
CHQ'C -z 0°

Isocitrate

2
C-C-O°
. CHZ
H0
CoA

NAD™

Isocitrate NADH + H™ |

dehydrogenase
(0)

o607

2N
"0-C-C=0
a-Ketoglutarate

e |

CO,




Steps of TCA

0o

o Step 4: a-ketoglutarate is converted to . CHy-G-0
succinyl CoA. CO, is released and NADH is Lo ol
produced. The reaction is catalyzed by a- R

ketoglutarate dehydrogenase complex. It oA
also requires 5 coenzymes (thiamine s
pyrophosphate, lipoic acids, CoA-SH, FAD = & eioie

and NAD) i et
0
o Step 5: the high-energy, thioester bond of e
succinyl-CoA is cleaved providing energy Succinyl CoA
for the synthesis of GTP fro GDP and Pi. GDP + P
Succinate is formed and the reaction is S eoA
catalyzed succinate thiokinase. | GTP
O CoA
O CH,-C-0"

.O - C % CH;
Succinate



Steps of TCA

Step 6:'succinate is oxidized to fumarate
by succinate dehydrogenase. FAD is
reduced to FADH2.

Step 7: fumarate is hydrated to form
malate'by fumarase.

Malate is oxidized to oxaloacetate'by
malate dehydrogenase. NAD is reduced to
NADH.

Oxaloacetate will reinitiate the cycle again.
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Step 1

Acetyl-CoA + Oxaloacetate - Citrate

Citrate synthase

Acetyl-CoA 2 4. carbons.
Oxaloacetate 4 4.9 carbons.
Citrate 6 4.9 carbons.

Step 2

Citrate = Isocitrate

Aconitase

Step 3

Isocitrate - a-ketoglutarate

Isocitrate dehydrogenase

e NADH produced

e CO,released

Isocitrate 6C - a-ketoglutarate 5C + CO,

b

.condensation reaction cd»

.isomerization cd»

.isocitrate guwau) iy Josi citrate @G

a3l

.oxidative decarboxylation cd»

.TCA (8 regulatory steps ool (o du>lg 0dm



Step 4

a-ketoglutarate - Succinyl-CoA

3% ]

a-ketoglutarate dehydrogenase complex

e CO,released
e NADH produced

a-ketoglutarate 5C - Succinyl-CoA 4C + CO,

:coenzymes 5 gwdi Zlicwg PDH complex awiv oujbdl 1de

e TPP

e Lipoic acid
e CoA-SH

e FAD

e NAD*

13> ogo
PDH complex and a-ketoglutarate dehydrogenase complex require the same
.5 coenzymes



Step 5

Succinyl-CoA - Succinate

gl

Succinate thiokinase
.succinyl-CoA synthetase Loyl o9

:delial d8Uall pusuiudy Sy high-energy thioester bond U
GDP + Pi - GTP
GTP Jol=y ATP.
JrO 0D
Substrate-level phosphorylation

ETC o0 pudg 1d8W)l JLe substrate (o &yislo CigST dSladl (¥



Slide 29 — Steps of TCA: Steps 6-8

Step 6

Succinate © Fumarate

a3l
Succinate dehydrogenase
FADH,
100
electron transport chain (o cj=> Uauig TCA ® pujl & Succinate dehydrogenase
.Complex Il
Step 7
Fumarate - Malate
e

Fumarase

.hydration reaction ci»

H,0 &L s



Step 8

Malate - Oxaloacetate

gl

Malate dehydrogenase

NADH

.Ja=> (w cycle law oxaloacetate @

100
Byoull ilgi B vuy (Lles elgiuwg ¥ Oxaloacetate
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Energy gain in Kreb’s cycle

Isocitrate DH 1 NADH 2.5 ATP
a-ketoglutarate 1 NADH 2.5 ATP
Succinate thiokinase 1 GTP 1 ATP

Succinate DH 1 FADH2 1.5 ATP
Malate DH 1 NADH 2.5 ATP
Net gain 10 ATP




The overall energy gain of glucose

i oxidation

2o (2 Glycolysis --------- 7 ATP + 2 pyruvate
@ 2 pyruvate -------- 2 acetyl-coA + 2 NADH ----- 5 ATP
(2) 2 acetyl COA —-mwmmm- 20 ATP

@ The net ATP produced by the oxidation of 1 mol of glucose = 32
ATP



Defects in Glycolysis

}Jé\/&:—l’@@;(\rw — Rcorale -Cok oo ?‘é‘”'“l)gwbj\(
- ;@:JZD} Pyruvate dehydrogenase deficiency: leads to congenital
=~ lactic acidosis.

congenibel Jactic acidosis

o This enzyme deficiency results in an inability to convert
pyruvate to acetyl CoA, causing pyruvate to be shunted to lactic
acid via lactate dehydrogenase.
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a This causes particular problems for the brain, which relies on
the TCA cycle for most of its energy, and is particularly sensitive
to acidosis.
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Gluconeogenesis o ol g g e
When and where does it occur

gc/ ~ s
J
o )(}%,Z,v( alyc so oM NIPPESy (W\g/ﬂﬂ,

glest e Durmg prolonged fast and depletion of
hepatic glycogen

@ " 40-
o During overnight fast, liver is responsible
for the majority of gluconeogenesis (90%) jfas= dglucose

and the rest in the kidney

o During prolonged fast, kidney produces
about 40% of glucose production. Giveogen

/ Gluconeogenesis
o Glucose is formed from precursors as ﬁ
lactate, pyruvate, glycerol and ketoacids
© e
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Glucose used, g/hr
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Triglycerol hydrolysis b adipose tissue.

pppppppppp

Substrates for gluconeogenesis

nnnnnnnnnnnnnnn
glycerol-3: dehydrogenase dls:

SU b, iycerol ki

Those include all the intermediates of glycolysis and the citric acd
cycle.

Glycerol: released during the hydrolysis of triglycerols in adipose
tissue and delivered to the liver. Glycerol is phosphorylated by
glycerol kinase to glycerol 3-phosphate, which is oxidized by
glycerol 3-phosphate dehydrogenase to dihydroxyacetone
phosphate which is an intermediate of glycolysis.

Lactate: released by exercising muscles and RBC's.'This is i
transferred to the liver and reconverted to glucose..—” |}

derived from the metabolism of glucogenic aa which can enter g




Reactions unique to gluconesaaoracic

o Seven of the glycolysis reactions are
reversible'and are used for gluconeogensis
while three of them are irreversible!(Pyruvate
kinase, phosphofructokinase and hexokinase)

1. Pyruvate carboxylase: Pyruvate is converted
to phosphoenolpyruvate (PEP) by pyruvate
carboxylase and PEP caboxykinase

o Biotin: covalently bound to the N of lysine in
the pyruvate carboxylase, requires CO, and
ATP for the convertion of pyruvate to
oxaloacetate. It occurs in mitochondria of liver
and kidney. Muscles contain also pyruvate
carboxylase for the use of OAA in TCA.

o Allosteric regulation: it is allosterically
activated by Acetyl coA.

Glucose 6-P* ﬂ ‘Glucose
)

Fruciose 6-P
(56
Fructose 1.6-bis-P

A
v

p
Glyceraldehyde 3-P 5 Dihydroxy-
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Reactions unique to gluconeogenesis

2. Transport of oxaloacetate to the cytosol: oxaloacetate can't cross
the mitochondrial membrane so it is reduced to malate by malate
dehydrogenase that can cross.‘In cytosol malate is reoxidized to
oxaloacetate by cytosolic malate dehydrogenase.

3. Oxaloacetate is decarboxylated and phosphorylated in the cytosol by
PEP carboxykinase which utilize 1 GTP. PEP will continue in the
reverse of glycolysis until reach fructose 1,6- biphosphate.

4. Dephosphorylation of frucose 1,6- biphosphate by frucose 1,6-
biphosphatase to'produce fructose 6-phosphate will bypass the
irreversible PFK reaction.

The enzyme is inhibited by high levels of AMP and fructose 2,6-
biphosphate, while high level of ATP and low AMP stimulate
gluconeogenesis



Reactions unique to gluconeogenesis

5. Dephosphorylation of glucose 6-phosphate: occurs by glucose 6-
phosphatase. This occurs only in liver and kidney. Two enzymes
are required (glucose 6-phosphate translocase to transfer
glucose 6-phosphate to ER and glucose 6-phosphatase)

Type 1a glycogen storage disease results from inherited diffeciency
of one of them which has the following symptoms:

2 Hypoglycemia
2 Hepatomegaly and liver problems
2 Lactic acidosis
2 Growth failure



Pyruvate carboxylase

Pyruvate carboxylase Acetyl CoA

attached biotin)

CO, is activated and transferred to pyruvate :
by pyruvate carboxylase producing oxaloacetate.

(with covalently é

5

Pyruvate carboxylase

Reaction:

Pyruvate + CO, + ATP - Oxaloacetate + ADP + Pi

Mitochondria

Biotin

Acetyl-CoA
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.pyruvateflactate ;< gluconeogenesis 3 sk Jsi .1

.TCA cycle (% oxaloacetate ,o3=; :Anaplerotic reaction .2
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In the cytosol, malate
is reoxidized to oxalo-
acetate, which is
converted to phospho-
enolpyruvate by PEP
carboxykinase.
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1. Glucagon: stimulates gluconeogenesis in three mechanisms:

1. Change in allosteric effectors: it lowers level of fructose 2,6-
biphosphate leading to activation of fructose 1,6-biphosphatase
and inhibition of phosphofructokinase.

».  Covalent modification of enzyme activity: it elevate cCAMP
leading to activation of CAMP-dependent protein kinase activity
which will phosphorylate pyruvate kinase to its inactive form.

;. Induction of enzyme synthesis: it increases the transcription
of PEP carboxykinase gene.

2. Substrate availability: like glucogenic amino acids
3, Allosteric activation of pyruvate carboxylase by acetyl coA.
4. Allosteric inhibition of fructose 1,6-bisphosphatase by AMP

Note: ATP and NADH are produced'in large quantities during fasts
from fatty acid oxidation is required for gluconeogenesis.



