539
Pathways and Regulation
ring 2015

PPT Set 2b
: glycolysis; degradation of
ides; alternatives to glycolysis



H—C—OH
CH,OPOZ2"

1,3-Bisphosphoglycerate

AG°" and AG for the Reactions of Glycolysis in Heart
Muscle”

AG” AG
Reaction Enzyme (kJ - mol™") (kJ -mol™")

1 Hexokinase —20.9 —-27.2
2 PGl +2.2 =L
3 PFK —17.2 —259
4 Aldolase +22.8 —5.9
5 TIM +7.9 ~0
6+ 7 GAPDH + PGK —16.7 —-1.1
8 PGM +4.7 —0.6
9 Enolase =32 —2.4
10 PK —23.0 —13.9
“Calculated from data in Newsholme, E.A. and Start, C., Regulation in Metabolism, p. 97,
Wiley (1973).
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enolase
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ﬁ—opog‘ + ADP + H'
CH,

Phosphoenolpyruvate (PEP)

Second substrate-level
pyruvate phosphorylation
kinase (PK) reaction of glycolysis

c|:=o + ATP
CH,

Pyruvate
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Glyceraldehyde 3-phosphate

J[ GAPDH
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ge in free energy
reaction

M92+

o d 14 ||, o ol e ATP RN H*
TN e} 0 -0 (o]
\ /I~ | |
/c _c\\ o + 'O—P—O—P—O—Adenosine% \C—C/‘) —L> \C—C//
o I I 1 NP 2 7N
K™-O CH, ) 0 KteO CH> o CH3
ATP tauto-
Phosphoenol- ADP formation Enolpyruvate merization Pyruvate
pyruvate (PEP)
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Hydrolysis
' = .mol-? C—O0~PO02 + H,0 ~~—" C—O—H + HPOZ
G° 16 kJ-mol i 3 i a

C C

H” H H” H
Phosphoenol-
pyruvate
COo0™ (o]0
Tautomerization ﬁ —0—H —_— c: =0
G° =-46 kJ-mol™!
C H—C—H
H” H I
H
Pyruvate Pyruvate
(enol form) (keto form)
Overall reaction cloo €00
G® =-61.9 kJ-mol™’ ﬁ—0~P0§‘ + H0 ~— c|=o + HPOZ
C H—C—H
H” SH |-||
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Phosphoenol- ADP
pyruvate (PEP)

AG>” =

+14.4 kJ-mol 1

Enolpyruvate

AG® = —46 kJ-mol !

Overall AG°” =

—31.4 kJsmol !
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generation of
“high-energy”
compound

substrate-level
phosphorylation
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Second half of
glycolysis:
ATP-yielding phase
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L-Lactate
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via acetaldehyde

NADH NAD"

O o (o] OH
| 7/ 1) I 2 ) |
CHz3—C—C ~ CH3—C CH3—C —H

\ _ pyruvate N alcohol |
decarboxylase H dehydrogenase H
Pyruvate Acetaldehyde Ethanol




an a-ketoacid (pyruvate):
charge delocalization

Hs¢” SN~ NH, R4 proton

Aminopyrimidine Thiazolium
ring ring

Thiamine pyrophosphate (TPP)
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Pyruvate TPP (ylid form) TPP

H+
1 Nucleophilic
4 Product attack
release

O

Hydroxyethylthiamine
pyrophosphate

2 co,

3 Protonation
elimination

H* of carbanion

Resonance-stabilized carbanion
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Proposed
mechanism of
pyruvate
decarboxylase



transfer of hydride

“c/ Ethanol
/7 N\

H3C OH
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enzymes of glycolysis

Inhibitors Activators”

Go6P —

ATP, citrate, PEP ADP, AMP, cAMP, FBP,
F2,6P, F6P, NH, P,

PK (muscle) ATP AMP, PEP, FBP

The activators for PFK are better described as deinhibitors of ATP
because they reverse the effect of inhibitory concentrations of ATP.




4 No inhibitors (low [ATP])

\

1TmM ATP
+ 0.1 mM AMP

1mM ATP

1
1.0 2.0
[Fructose-6-phosphate] mM
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PFK is an allosteric
enzyme (tetramer)
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e cycling

(b)
G6P

G6P

1

F6P F6P
Pi ATP Pi ATP
H,0 ADP H;0 ADP
ﬁr FBP

GAP + DHAP GAP + DHAP
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resting muscle active muscle



[Mannoss|

- (liver) |
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into glycolysis



is organ-dependent
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(T —
03POCH; > 2 ; H HO hy A e
H HO HO H CH,0H
H OH Fructose-1- Fructose-1-phosphate
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Fructose. o fructose-1-phosphate | 5
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POy aldolase
NADH NAD* SHao
He-C==0 a H—C—OH
ap el o I
ADP o alcohol CHz20H
H_c|=o er CH20H dehydrogenase Glycerol
H—C—OH aldehydeGly""ld'hyd' o
CH,0p052 « kinase . glycerol
Glyceraldehyde-3- 7 kinase
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CH,0H

Galactose

UDP-Galactose UDP-Glucose

NAD* NAD*

NADH
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p 2 deficient)
- cataracts)

CH,OH
H—é—OH
HO—é—H
HO—é—H
H—é—OH
éHon

Galactitol
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a-D-Glucose a-D-Mannose
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25
ATP ADP CH20PO3
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OH HO
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phosphate (F6P)
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H—(ll—OH
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