(P)—0—CH, 0 _ CH,—0—(p)

Chapter 14

OH H

Glycolysis, Gluconeogenesis, and the
Pentose Phosphate Pathway

14.1 Glycolysis

14.2 Feeder pathways for Glycolysis

14.3 Fates of Pyruvate under anaerobic conditions :
(Fermentation)

14.4 Gluconeogenesis

14.5 Pentose phosphate pathway of glucose oxidation



Major pathway of glucose utilization

Glycogen,
starch, sucrose

storage

Glucose

oxidation via
pentose phosphate oxidation via
pathway glycolysis

Ribose 5-phosphate Pyruvate




Glycolysis

Glucose (Cg)

2> I

Preparatory phase

Payoff phase

Pyruvate (C,)

Glucose + 2 NAD" + 2 ATP

2 Pyruvate + 2 NADH + 4 ATP



Glucose
first i
priming 7 ) ATP
reaction \) ADP

Glucose 6-phosphate

©

Fructose 6-phosphate
I ADP
Fructose 1,6-bisphosphate

cleavage

of 6-carbon
sugar phosphate
to the 3-carbon
sugar
phosphates

second
priming
reaction

@

Glyceraldehyde 3-phosphate
+

Dihydroxyacetone phosphate

H OH
®—0—CH2
H /] 9 H \@Hexokinase Y
OH H
HO OH Phosphohexose
H OH isomerase
(P)—0—CH, O CH,—OH
H HO @ Phospho-
H OH fructokinase-1
OH H
(®)—0—CH, o CH,—0—(P) @ Aldolase
H Al OH ® Triose
onls phosphate
isomerase

P
®-o—CH2—4T‘H—c\
o H

®-o-cuz—ﬁ—cp|20|-|

Preparatory phase

H  Phosphorylation of glucose
1 and its conversion to
OH glyceraldehyde 3-phosphate

(0)




Glyceraldehyde 3-phosphate
o

4
\
H

(P)—0—CH,—CH—C
b

Dihyd tone phosphat g
ihydroxyace Jonep osphate ®—o0—cH, _ﬁ_CHon phosphate
@ 0 isomerase
(b) Payoff phase
’ O Oxidative conversion of
Glyceraldehyde 3-phosphate (2) ®—0—CH2—CIH—C\ glyceraldehyde 3-phosphate
1 rg 2P; OH H to pyruvate and the coupled
oxidation and @ /'2NAD+ formation of ATP and NADH
phosphorylation \, Y NﬁD’H . H*
| _ P @ Glyceraldehyde
1,3-Bisphosphoglycerate (2) ~ (®—0—CH,—CH—C 3-phosphate
first ATP- ~ 2 ADP ,_!,H o—® dehydrogenase
forming reaction @ _
(substrate-level N> 2/ATP @ Phospho-
phosphorylation) d ' fo glycerate
3-Phospho§]lycerate (2) ®—0—CH2—CIH—C\0“ o
OH
o Phospho-
. 4
2-Phosphoglycerate (2) CHy—CH—C glycerate
] | | o- mutase
® | 2H,0 * 9
2
| é‘) o @ Enolase
Phosphoenolpyruvate (2) CH,=C—C
N -
second ATP- = 2ADP (!, 0 P_yruvate
forming reaction @ : é kinase
(substrate-level \> 2 (ATP 0
phosphorylation) \ o CH;,—C—Cy
Pyruvate (2) I Yo




4

Importance of phosphorylated intermediates

1. The phosphorylated glycolytic intermediates (9)
cannot leave the cell. (lack of transporters for
phosphorylated sugars in plasma membrane)

2. Phosphoryl groups are essential components in
enzymatic conservation of metabolic E.

3. Binding E resulting from the binding of phosphate
groups to the active sites of enzymes lowers the
activation E and increases the specificity of the
enzymatic reactions. (most glycolytic enzymes
require Mg?*)




NAD Nicotinamide Adenine Dinucleotide

0

0
|

H H |

C
\NHz > ,éf H or (ﬁl NH, 4 H*

NAD*
(oxidized)

OH OH
N\

In NADP* this hydroxyl group
is esterified with phosphate.

Absorbance
© © o o
N = (o) 0

R A side R B side
NADH
(reduced)
1.0 Oxidized
(NAD*)

Reduced
(NADH)

220 240 260 280 300 320 340 360 380
Wavelength (nm)



Three possible catabolic fates of the pyruvate formed

Glucose
glycolysis
(10 successive
reactions)
hypoxic or
anaerobic anaerobic
comjitio/ 2 Pyruvate %‘“tions
aerobic
2 Ethanol + 2CO, conditions |3 | actate
2C0O s
Fermentation to ethanol * Fermentation to
in yeast lactate in vigor-
2 Acetyl-CoA ously contracting
muscle, in erythro-
citric cytes, in some
acid other cells, and
cycle in some micro-
organisms
4CO, + 4H,0

Animal, plant, and many microbial

cells under aerobic conditions



@ Phosphorylation of Glucose

CH,—OH
O ATP ADP
H H H Mg2+
OH H ;
HO OH hexokinase
H OH H OH
Glucose Glucose 6-phosphate

AG'° = = 16.7 kJ/mol



@ Conversion of G6P to F6P

1 3 >5
HO OH phosphohexose H OH
isomerase a 3
H OH OH H
Glucose 6-phosphate Fructose 6-phosphate

AG'°= 1.7 kJ/mol

Pyran ring Furan ring



Phosphohexose isomerase reaction

Glucose 6-phosphate Fructose 6-phosphate

SCH,0PO03"

6 2-
CH,OPO
7 % 1cH,0H

H OH
OH H
@ binding and @ ring closing
ring opening and dissociation
H o) H OH Iil
Base_—catalyzed ng \‘c/‘j BH ¢’ B: H—C—OH
reaction es el N |
—2<|:—0H H* ? O--H H* ?=0
HO?‘?H —\*—@)— HOCH S HOCH
HACOH HCOH ® H(IZOH
H>COH HCOH H(IZOH
6CH,0P0O%" CH,0PO?" CH,0PO3"
l L] .
Phosphohexose cis-Enediol

isomerase intermediate



@ Phosphorylation of F6P to F1,6P

6
CH,OPO3™
CH,—OH  ATP  ADP
5 2 PP Mg“ irreversible
> ADP or AMP
H OH phosphofructokinase-1 F2,6P
4 3 (PFK-1) F—— ATP or Citrate
OH H
- 6
Fructose 6-phosphate CH,OPO2™ 1 ]
0 CH2_0P03
°KH HO A
H OH
g 3
OH H

AG'° = = 14.2 ki/mol Fructose 1,6-bisphosphate



@ Cleavage of Fructose 1,6-bisphosphate

6 1
CH20P03_ CH20P03_ Class | : animals, plants
(o) Classll : fungi, bacteria
NH HO A? = >
H OH aldolase
4 3
OH H
Fructose 1,6-bisphosphate (o) H
- N/
®—0—CH, 0_ CH,—0—(p) (1)$H20P03 (4)(|:
! H HO L (2)C|=O = (5)(|:HOH
OH H (3)CH,OH (6)CH,OPO3™
Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

AG'° = 23.8 kJ/mol



Class I Aldolase reaction

CH,OPO3~
Sl | €H;0PO3
H Hé'
H OH
i i Fructose 1,6-bisphosphate
binding and
]l vy offeting Pro!:onatecl
_ _ Schiff base
CH,OPO% .
H  CH,0PO3 H+ i I H* H,0 J (i:Hzcn:'c)3
+
H
HOCH SR~ @ H HOCH B — @ HOE_H{'\ il
HC—O—H \ HC—O—H HC£0>H
—B: i —B: I BH |
HCOH HCOH HGOH
2-
CH,OPO?%" CH,OPO%" CH,0PO;
Aldolase In steps (Dand (2)an amine
is converted to a Schiff
base (imine).
Dihydroxyacetone g_lyf‘irsalgzreydf |
phosphate P P first
H (o] product
CH,OPOZ" \C’ released
i . ———>
Proton C=0 HCOH
exchange CH-OH 3=
with z CH,OPO;
solution second
restores product
y €nzyme. released ?Hzopog‘ i xlzt-l;opog‘
Lys—N: H,O Lys—N+=C tA— Lys—N—-C tA—
g ¥ B Vo — "I
® j & [
—B: tB— Schiff base —B: H—B— —B—H H H—B
is hydrolyzed
in reverse of
Schiff base _
formation. .
Protonated Enamine

Schiff base

intermediate



@ Interconversion of the Triose Phosphate

Derived

from

glucose

carbon
1

2
3

Fructose 1,6-bisphosphate

Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

v

triose phosphate isomerase

Derived

from

glucose

carbon
4

5
6



(0 H

N\
(I:HZOH \?/
C=0 ;riose phosphate HCOH
| _ isomerase | _
CH,OPO; CH,OPO3
Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

AG'°= 7.5 kl/mol

/ Derived from

glucose carbons

1
4 or 3 H—=C=0  , Glyceraldehyde

5 or 2 H—2Cc—OH 3-phosphate
|
6 or 1 3CH,—0—(P)

Subsequent reactions

\ of glycolysis




@ Oxidation of G3P to 1,3-bisphosphoglycerate

N/ o NAD* NADH + H*

HCIOH + HO—I“’—O' \' ‘/ =

-
| 9 | _ glyceraldehyde
CH20P03 O 3-phosphate

dehydrogenase

Glyceraldehyde Inorganic
3-phosphate phosphate

I -
CH,0PO2

AG’°= 6.3 ki/mol 1,3-Bisphosphoglycerate



Glyceraldehyde 3-phosphate dehydrogenase reaction

NAD*
NH

Glyceraldehyde gHIIIEN, _~
3-phosphate [

dehydrogenase Cys His
CH,OPO3"
HCOH
| (‘\
C= release of
| product
OPO3 ®
1,3-Bisphosphoglycerate
CH,OPO;3" o
Il
NnaD+ HCOH/ *g__ —P—OH
o
NH

Al

CH,0PO3"
+
Glyceraldehyde NAD H‘I:OH
3-phosphate /c%'?)
NH
\ @ i
formation of enzyme- S/H HIEN 7
substrate complex |
Cys His
formation of
thiohemiacetal
intermediate
NAD* (I:H2090§‘
H(I:OH
—NH
_fi&’ /H N/
s N7
I
Cys His
oxidation to
@ thioester
intermediate
22—
NADH szOF’Os
+
@ P, NAD H(I:OH "
NADH exchanged Ifl:\DH <1:=0 H— NJ/
for NAD"; attack S g e
on thioester |
by P; Cys His



@ Phosphoryl transfer from 1,3-bisphosphoglycerate

0 (P)
O O— i—o P)
C - o+
| (o)
HCOH |
| P Rib HAdenine
CH,OPO3
1,3-Bisphosphoglycerate ADP
Mg?* phosphoglycerate Substrate-levc_el
kinase phosphorylation
4
o
- 0—b—o0
0] (o
\?/ (P)
o
HcI:OH (P)
CH,OPO2" c|>
Rib HAdenine

3-Phosphoglycerate ATP AG'° = -18.5 kJ/mol



@ Conversion of 3-phosphoglycerate to 2-phosphoglycerate

o 0O o) O
. \
\?/ Mg?> ‘ N C/
HC—OH phosphoglycerate  HC —Q—PO2"
| mutase |
CH,—O0—PO3" CH,—OH
3-Phosphoglycerate 2-Phosphoglycerate

AG'°= 4.4 kJ/mol



Phosphoglycerate mutase reaction (2 step)
COO +

| s N/“\~~NH
HCOH 3P —N, /!
CH,O0PO3™ His
3-Phosphoglycerate

P Phosphoglycerate
decrease the affinity of .. mutase
hemog'obin for 02 .............

HCOPOZ" /ZNH

2 3- Blsphosphoglycerateﬁ._,,_..--f"f
(2,3-BPQG) -

2-Phosphoglycerate



Dehydration of 2-phosphoglycerate to PEP

O\C /0 HaO 0\c /0
| |
H—C—OPO3" :‘L‘ C—OPO3™
| enolase |
HO—CH - CH,
2-Phosphoglycerate Phosphoenolpyruvate

AG’'°=7.5 kJ/mol



Phosphoryl transfer from PEP to ADP

N\ 7
A
?IZ—O—FI’—O' + (P
CH> 2 C|>
Rib —Adenine
Phosphoenolpyruvate ADP
Mg2*, K* | pyruvate Substrate-level
kinase i
irreversible phosphorylation
o 0O o~
N/ |
CI “O—P=0
Phosphoenolpyruvate C=0 =+ P)
hyrolysis : -61.9 kJ/mol |
Pyruvate
— ATP synthesis : -30.5 kJ/mol Rib HAdenine
» AG'° = = 31.4 kJ/mol ATP




Tautomerization of Pyruvate

Tautomerization is not possible in PEP,
and thus the products of hydrolysis are
stabilized relative to the reactants

"0 0] predominates at pH 7
b H,0
Y P 2 /0 /0
'O—C/ 0/ \0- " 'O—C/ OH tautomerization\ _O—C/ o
\C/ hydrolysis } \c/ Gt N\ c//
[ Pi [ |
CH» CH; CH3
PEP Pyruvate Pyruvate
(enol form) (keto form)

PEP3~ + H,0 — pyruvate™ + P
AG'° = -61.9 kJ/mol



The overall balance for glycolysis

Glucose + 2 NAD" + 2 ATP + 4 ADP + 2 Pi

: \

2 Pyruvate + 2 NADH + 2 H" + 2 ADP + 4 ATP + 2 H,O

} Glucose + 2 NAD® 2 Pyruvate + 2 NADH + 2 ATP

! !

TCA cycle ETS

The Rate of Glycolysis : ATP consumption, NADH regeration
allosteric regulation of glycolytic enzymes

(Hexokinase, PFK-1, Pyruvate kinase)
Hormone regulation (glucagon, insulin, epinephrin)




Cancerous tissue PET (positon ammison amograpny)

Glucose uptake '

Glycolysis
(metabolic rate)
A
G —
“hypoxia” Transcription of 1‘
the glycolytic enzymes

\ 4



Feeder pathways for glycolysis

CH>O0H
Trehalose Lactose Ho /A 0, -
trehal lactase
renalase OH H
*H OH
H,0
CH>0H
o 4——L Glycogen; starch 2 I OH
H H H «a-amylase p-Galactose
"4
OH H Pi \[phosphorylase z
Sucrose OH UDP-galactose
P4
sucrase OH Glucose «— UDP-glucose
D-Glucose o 1-phosphate CH,OH
hexokinase 0]
phosphogluco- H H
HOCH> CH,0H mutase H
0 OH HO
Glucose
H OH 6-phosphate 0
OH H ATP p-Mannose
hexo- ATP
p-Fructose kinase ! Aexokinase
ATP lfructokinase Fructose Mannose 6-phosphate
6-phosphate
Fructose 1-phosphate phosphomannose
fructose 1- isomerase
phosphate
aldolase y
Fructose 1,6-
; bisphosphate
Glyceraldehyde +Dihydroxyacetone pRosp
phosphate
triose triose phosphate
ATP kinase ISOmeI’aSE
N——— Glycera!dehyde

L

3-phosphate



Glycogen breakdown by glycogen phosphorylase

Nonreducing end

CH20H CH20H
H 1+ 4) OH
Glycogen (starch) a-amylase
n glucose units
4 |
O=T_0_ "\ glycogen (starch) Phosphorylase
OH phosphorylase Debranching Enz.
CH;OH M CH20H
o N K
—o
Glucose Glycogen (starch)

1-phosphate (n—=1) glucose units



Fructose breakdown

l Fructokinase

CH,O0PO%" _
| Triose phosphate
i C=0 isomerase
1CH,OPO?2 |
| CH,OH
2C=0 Dihydroxyacetone
]| phosphate Glyceraldehyde
HO(IZ H + 3-phosphate
. R
= H
H5C|0H fructose 1-phosphate ] /
HCIOH aldolage f=° Triose kinase
5 CH,OH HCIOH
Fructose 1-phosphate CH,OH

Glyceraldehyde



Conversion of galactose
to glucose 1-phosphate

N

Galactose

galactosemia
ATP
Mgﬂ galactokinase X ~a CH,0H
Sso ~a |

ADP

H—C—OH
CH20H ~<
o] ™A HO—C—H
HO H H |
HO—C—H
OH H
0—P) Galactose 1-phosphate H—c—aoH
H OH CH,0H
UDP- UDP-glucose: galactose 1- X p-Galactitol
glucose phosphate uridylyltransferase

Glucose 1-phosphate

CH,OH

0, UDP-galactose
HO H

H
*NoH H
0O—UDP
H OH
NAD* UDP-glucose X
NADH + H* 4-epimerase
CH,0H
0
H H
(0] 4
OH H
b [uEe]
H OH
NAD™ UDP-glucose
NADH + H* 4-gpimerase
CH,0H

o] " UDP-glucose

OH H

H OH



Glucose

£ Glycolysis

ATP

NAD"

—» NADH + H*

Or~

| S

NAD"
Pyruvate




Fates of Pyruvate !!

aerobic | anaerobic

TCA cycle Fermentation

l Y Ao

ATP TP




Lactic acid fermentation

O o} O (o}
\c/ NADH + H* \C/
| |
?=0 | - HO—CI—H
lactate
Ly dehydrogenase e
Pyruvate L-Lactate

AG'°= = 25.1 kJ/mol



\ 2 Pyruvate

Glucose

2NAD?

2NADH

> 2 Lactate/




Alcohol fermentation

O 0 co, NADH + H*
C TPP, o H (NAD® oH
| Mg>* \_/ |
C=0 = = C - CHz
| pyruvate alcohol |
CH; decarboxylase CHs dehydrogenase CH;
Pyruvate ‘ Acetaldehyde Ethanol

. oo |

i
NH, C
+

cH,—N%2 T o o

N7 >,/,L 1
IS | 4 5™ CHy;—CH,—0—P—0—P—0"~
X CH; | |
CH3 N o o

Thiamine pyrophosphate (TPP)




TPP and its role in pyruvate decarboxylase

thiazolium
ring
1
NH> C
CH —ﬁfz S o o
N7 0
IS | =5~ CH;—CH,;—0—P—0—P—0
X CH3 | |
CH; N o 0
Thiamine pyrophosphate (TPP)
(a)
H
CH CI OH active
¥ | J acetaldehyde
NH> . Sy
CH,—7 3 o o
N7 >,/,L [
,I\ | CH,—CH;—0—P—0—P—0
X CH» | |
CHz N o o
Hydroxyethyl thiamine pyrophosphate

(b)

(0]
o) /
H Sc—C
(I: H* c/:{-l
~ ~ 3
R— ’ 3 R # S[ Pyruvate
o
%RI R,
CH3 CH;
TPP TPP carbanion
CH —C
3 ﬂ@ ol
Acetaldehyd
I ™
/
cHs—cXo)H cH,—c—c”,
> A
A fae o
R—R7 R—ND
>,9LR, PLR-
CH3; Hydroxyethyl CHs
TPP
m{@ ®}m2
[ CH; OH |
CH;—C —OH \z/
I ||3
-~ '\
rR—N7 — RN T
R resonance >¢LR ,
stabilization
() L CHs CHy |




Alcohol dehydrogenase reaction

Acetaldehyde H

Alcohol
dehydrogenase



Carbohydrate synthesis from simple precursors
(Gluconeogenesis)

Blood Other
glucose Glycoproteins monosaccharides Sucrose

Glycogen tsaccha rldj Starch

Glucose 6- phosphate

Animals Energy Plants
Phosphoenol-
pyruvate \\\\
Gﬁh
acid
cycle ) A
Pyruvate Glucogenic Glycerol 3-Phospho-
amino glycerate
" . acids
brain: ~120 g of glucose/day Triacyl- co,

glycerols fixation



Opposing pathways of

glycolysis and gluconeogenesis

mainly in the liver (mammals)

Glycolysis
ATP lucos

‘A/ hexokinase

ADP

Glucose
6-phosphate

|

ATP Fructose

phospho- 6-phosphate

fructokinase-1
ADP

Fructose

Dihydroxyacetone
phosphate

1,6-bisphosphate

Gluconeogenesis
Pi

glucose 6-phosphatase

H,0

Pi
fructose
1,6-bisphosphatase
H,0

Dihydroxyacetone
phosphate

N 7

(2) Glyceraldehyde 3-phosphate

(2) P; (2) P;
(2) NAD* (2) NAD*

(2) NADH + (2) H* (2) NADH + H*
(2) 1,3-Bisphosphoglycerate
(2) ADP (2) ADP
(2) ATP (2) ATP
(2) 3-Phosphoglycerate

(2) 2-Phosphoglycerate

[ (2) GDP
(2) Phosphoenol-

pyruvate
pyruvate kinase (2) GTP
(2) Oxaloacetate

(2) ADP
(2) Pyruvate pyruvate carboxylase

(2) ADP PEP carboxykinase
(2) ATP

(2) ATP




Glycolysis Gluconeogenesis

ATP lucos P;
hexokinase glucose 6-phosphatase
Glucose
ADP 6-phosphate H,0
ATP Fructose P,
phospho- 6-phosphate fructose
fructokinase-1 1,6-bisphosphatase
Fructose
ADP 1,6-bisphosphate H,0
Dihydroxyacetone k Dihydroxyacetone
phosphate phosphate

N\ 7

(2) Glyceraldehyde 3-phosphate



(2) Glyceraldehyde 3-phosphate
N
(2) Pi |~ (2) P;
(2) NAD* D (2) NAD?

(2) NADH + (2) H* (2) NADH + H*

\

(2) 1,3-Bisphosphoglycerate
N

(2) ADP D (2) ADP
(2) ATP (2) ATP

\
(2) 3-Phosphoglycerate

N

\
(2) 2-Phosphoglycerate

N

1 (2) GDP
(2) Phosphoenol- ,
(2) ADP pyruvate PEP carboxykinase
pyruvate kinase (2) GTP
(2) Oxaloacetate
(2) ATP (2) ADP
(2) Pyruvate pyruvate carboxylase

(2) ATP



Synthesis of PEP from pyruvate (Step 1)

Bicarbonate Pyruvate

(0
A I A
HO—C\ e CH3—C—C\
o ol
ATP
pyruvate . i as carrier of
carboxylase | P10t — _ iiated HCO,
ADP + P;
0\c CH,—C c/0 Oxaloacetate
& R N

"0 6o O



Role of biotin in _
the pyruvate carboxylase reaction Pyruvate carboxyl;\

Long biotinyl-Lys ’
tether moves
CO, fromssite 1
to site 2.

o

[
]
]
3 %
A

.
o, ¢ Site 2
\c—c@oz
g
0
Pyruvate l

0
8) I Q
?c—c—cuz—cf
- o

Oxaloacetate




Synthesis of PEP from pyruvate (Step 2)

o\\ /o
C—CH, —C—C xal
_f; y \_9 Oxaloacetate

ol/

0
Guanosinel—0 IIJ (0)
(o)

PEP
carboxykinase
\> CO,

Phosphoenolpyruvate



PEP

cytosolic
PEP
carboxykinase

Cco

Oxaloacetate

cytosolic
malate
dehydrogenase

Malate
A

Malate PEP

A A

malate carboxykinase

mitochondrial CNAD+ mitochondrial PEP ﬂ C02

dehydrogenase

NADH +H?*
Oxaloacetate

pyruvate
carboxylase C02

Pyruvate
ﬁ Mitochondrion 4

Cytosol

Oxaloacetate
pyruvatet
carboxylase

Pyruvate

co,

ruvate Pyruvate
y
A
lactate NAH +HT
dehydrogenase ——

Lactate

Glycolysis Gluconeogenesis
ATP lucos P,
hexokinase glucose 6-phosphatase
Glucose
ADP 6-phosphate H;0
ATP Fructose P;
phospho- 6-phosphate ructose
fructokinase-1 1,6-bisphosphatase
Fructose
ADP 1,6-bisphosphate H.0
Dihydroxyacetone Dihydroxyacetone
phosphate /phosPhate
(2) Glyceraldehyde 3-phosphate
(2) P; (2)P;
(2) NAD* (2) NAD*

(2)NADH + H* <

(2) 1,3-Bisphosphoglycerate

(2) NADH + (2) H*

(2) ADP
(2) ATP

(2) ADP
(2) ATP
(2) 3-Phosphoglycerate

(2) 2-Phosphoglycerate

(2) GDP

(2) Phosphoenol-

(2) ADP PEP carboxykinase

pyruvate
pyruvate kinase (2) GTP
(2) Oxaloacetate
{2} ATP (2) ADP
(2) Pyruvate pyruvate carboxylase
(2) ATP




Glycolysis and Gluconeogenesis
are regulated reciprocally (Chpt. 15)

Gluconeogenesis

1

ATP Fructose 6-phosphate
X) €----ATP
@& <---- ADP
PFK-1

ADP Fructose 1,6-bisphosphate

!

Glycolysis

FBPase-1

H,O0




Major pathway of glucose utilization

Glycogen,
starch, sucrose

storage

Glucose

oxidation via
pentose phosphate oxidation via
pathway glycolysis

Ribose 5-phosphate Pyruvate




General scheme of the pentose phosphate pathway
(phosphogluconate pathway, hexose monophosphate pathway)

Nonoxidative Oxidative
phase phase

I I I
Glucose 6-phosphate

| NADP* 2 GSH
glutathione
reductase
NADPH GSSG
transketolase, Fatt ids,
transaldolase 6-Phosphogluconate . s:erz;c;t:
NADP T

reductive
biosynthesis

CO, NADPH

ibulose 5-phosphate Precursors

ketose

Ribose 5-phosphate
aldose

Nucleotides‘,'coenzymes,
DNA, RNA



Role of NADPH and glutathione

0,
Mitochondrial respiration, ionizing
l radiation, sulfa drugs, herbicides,

. antimalarials, divicine
Superoxide o o

radical

glutathione peroxidase

NADPH
H,0+0, * Hydrogen ,0,

> 2H,0
peroxide 2
"

2GSH GSSG

""'-——

Hydroxyl
free radical l
4 -

glutathione
reductase

NADPH + H*

‘/, 6-Phospho-

glucose  glycono-s-lactone
6-phosphate

dehydrogenase (G6PD)

Oxidative damage to
lipids, proteins, DNA

Glucose
6-phosphate




In nonoxidative phase,
Ribulose 5-phosphate is epimerized to xylulose S-phosphate

CH,OH CH,0H
C=0 C=0
H— C—OH = ~ HO—C—H
ribose
H—C—OH 3-phosphate H—C—OH
epimerase
CH,OPO;"~ CH,OPO3"
Ribulose Xylulose 5-phosphate

5-phosphate

epimer : two sugars that differ only in the configuration around one carbon atom !!




Nonoxidative reactions of
the pentose phosphate pathway

oxidative reactions of
pentose phosphate pathway

- ———
- -

Glucose
6-phosphate

phosphohexose
isomerase
Fructose
6-phosphate

fructose 1,6-

Fructose
6-phosphate

Ribose
5-phosphate

epimerase1l
transketolase

Xylulose Glyceraldehyde
5-phosphate 3-phosphate

Sedoheptulose
7-phosphate

transaldolase

Erythrose
4-phosphate

A bisphosphatase
: aldolase
triose phosphate
xYlulose isomerase
5-phosphate Glyceraldehyde
Ribulose 3-phosphate
5-phosphate

(a)

5C 7C 6C
5C 3C 4C 6C

5C 3C 4c><
5C 7C 6C

(b)



Transketolase reaction

?Hon CIH20
C=0 TPP C=0
) H ~ O H
I N/ S N/ + |
CHOH C  transketolase € CIHOH
FI{1 Flz 41 R?2
Ketose Aldose
\donor acceptor /
?Hon
C=0
NP |
(I:Hon CI HO —-CIS—H
C=0 H—C—OH H—C—OH
| | Oy A |
HO —(IZ—H H—CI—OH TPP (IZ H_(l:_OH
- . +
H—C—OH H--(I:—-OH transketolase H—CI—OH H—C—OH
CH,OPO3™ CH,0PO3™ CH,0PO3" CH,O0PO3™
Xylulose Ribose Glyceraldehyde Sedoheptulose

5-phosphate 5-phosphate

3-phosphate 7-phosphate



Role of NADPH in regulating G6P partitioning
between glycolysis and pentose phosphate pathway

Glucose

l glycolysis
Glucose > ATP

NADP?* 6-phosphate
pm ® €

phosphate ~— NADPH
pathway

6-Phospho-
gluconolactone 5

Pentose
phosphates



