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Glycolysis (ol &)
=EMP &l =2
(Embden-Meyerhof-Panas pathway)

1 Glycos (sugar) + Lysis --> Glycolysis




GLYCOLYSIS

Glucose
2 ATP
2 ADP
Fructose-1,6-
bisphosphat
4 ADP + 2(P) S 9 NAD*
4 ATP =« » 9 NADH
2 Pyruvate

2 NAD

9 NAD" 2 NADH

2 Lactate

2 COy + 2 Ethanol

9 NAD" 30 ATP

6 COg + 6 HyO

Fig. 17-1, p.464
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The Overall Pathway of Glycolysis

Glycolysis is the first stage of glucose
metabolism

One molecule of glucose Is converted to
fructose-1,6-bisphosphate, which gives
rise to two molecules of pyruvate

It plays a key role in the way organisms
extract energy from nutrients

Once pyruvate is formed, it has one of
several fates
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Fig. 17-3a, p.468
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Induced-fit2| 0if (hexokinase)

Glucose has bound in cleft,
Cleft for binding Cleft divides and upper lobe has moved
o Jobes to lie over glucose

Free hexokinase

© 2006 Brooks/Cole - Thomson

Fig. 17-4a, p.470
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PFK can exist in Many Isozyme Forms

Brooks/Cole, Cengage Leamning

Homogeneous forms

Exists as a tetramer.
Muscles are rich in M,
LiverisrichinL,

subject to allosteric
feedback.

ATP iIs an allosteric
effector.

high levels inhibit the
enzyme, low levels
activate It.
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Fig. 17-3a, p.468
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H
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o-Glyceraldehyde-3-phosphite

H—C—OH (G3P)

énoror

q o-Glyceraldehyde 3.
NAD phosphate dehydrogenase
NADH + H'
o\ /OM
In the second phase (&
of glycolysis, | 1, 3-bisphosphoglycerate
ghveeraldehyde-3- H—(i'-—OH (BPG)
phosphate is converted
10 pyruvate. Cl-lpm
: . ADP
These reactions yield + .
four molecules of ATP, Mg? Phosphoglycerate kinase
wwo for each molecule ATP
of pyruvite produced.
I
H—C~—OH 3-Phosphoglycerate
| E (3PG)
Mg2* M Phosphoglyceromutase
|
H'_'C’_(E 2-Phosphoglycerine
| (2PG)
K*, Mg**l Enolase
H,0
COO~

I
C—Cm Phosphoenolpyruvate
I (PEP)

Fig. 17-7, p.473
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Fig. 17-8, p.475
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Ihé Reactions of Glycolysis and Their Standard Free-Energy Changes

Step Reaction Enzyme AG*'*
K/ mol~'  kcal mol™
1 Glucose + ATP — Glucose-6-phosphate + ADP Hexokinase /Glucokinase -=16.7 -4.0
2 Glucose-6-phosphate — Fructose-6-phosphate Glucose phosphate isomerase 1-1.67 +0.4
Fructose-6-phosphate + ATP — Fructose-1,6- Phosphofructokinase -14.2 -3.4
bisphosphate + ADP
I Fructose-1,6-bisphosphate — Dihydroxyacetone Aldolase +23.9 +5.7
phosphate + Glyceraldehyde-3-phosphate
> Dihydroxyacetone phosphate — Glyceraldehyde-  Triose phosphate isomerase +7.56 +1.8
3-phosphate
O 2(Glyceraldehyde-3-phosphate + NAD* + P, — Glyceraldehyde-3-P dehydrogenase  2(+6.20) 2(+1.5)
1,3-bisphosphoglycerate + NADH + H™)
/ ‘ 2(1,3-bisphosphoglycerate + ADP — Phosphoglycerate kinase 2(—18.8)  2(—4.5)
3-Phosphoglycerate + ATP)
3 2(3-Phosphoglycerate — 2-Phosphoglycerate) Phosphoglyceromutase 2(+4.4) 2(+1.1)
) 2(2-Phosphoglycerate — Enolase 2(+1.8) 2(+0.4)
Phosphoenolpyruvate + H,0)
10 ‘ 2(Phosphoenolpyruvate + ADP — Pyruvate kinase 2(—31.4) 2(—17.5)
Pyruvate + ATP)
Overall  Glucose + 2ADP + 2P, + NAD™ — [actate dehydrogenase —19:3 -31.5

2 Pyruvate — 2 ATP + NADH + H”
2 Pyruvate + NADH + H" — Lactate + NAD"
Glucose + 2 ADP + 2P, — 2 Lactate + 2 ATP
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Glucose + 2 NAD+ + 2 Pi + 2 ADP
---> 2 pyruvate + 2 ATP + 2 NADH
+2H" +2H,0

A G'=-17.5 kcal/mole
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The Reactions of Glycolysis and Their Standard Free-Energy Changes

Step Reaction Enzyme AG'* AG**
K/ mol~" | kcalmol™' | k¥imol
1 Glucose + ATP — Glucose-6-phosphate + ADP Hexokinase/Glucokinase =167 -4.0 -33.9
2 Glucose-6-phosphate — Fructose-6-phosphate Glucose phosphate isomerase +1.67 +0.4 =292
3 Fructose-6-phosphate + ATP — Fructose-1,6- Phosphofructokinase -14.2 -34 —-18.8
bisphosphate + ADP
1 Fructose-1,6-bisphosphate — Dihydroxyacetone Aldolase +23.9 +5.7 —-0.23
phosphate + Glyceraldehyde-3-phosphate
5 Dihydroxyacetone phosphate — Glyceraldehyde-  Triose phosphate isomerase +7.56 +1.8 +2.41
3-phosphate
6 2(Glyceraldehyde-3-phosphate + NAD* + P, — Glyceraldehyde-3-P dehydrogenase  2(+6.20) 2(+1.5) J2(-1.29)
1,3-bisphosphoglycerate + NADH + H™)
7 2(1,3-bisphosphoglycerate + ADP — Phosphoglycerate kinase 2(—18.8) 2(=4.5) J2(+0.1)
3Phosphoglycerate + ATP)
8 2(3-Phosphoglycerate — 2-Phosphoglycerate) Phosphoglyceromutase 2(+4.4) 2(+1.1) J2(+0.83)
9 2(2-Phosphoglycerate — Enolase 2(+1.8) 2(+0.4) J2(+1.1)
Phosphoenolpyruvate + H,0)
10 2(Phosphoenolpyruvate + ADP — Pyruvate kinase 2(-314) | 2(-75) J2(-23.0)
Pyruvate + ATP)
Overall  Glucose + 2 ADP + 2P, + NAD® — Lactate dehydrogenase =153 -17.5 -98.0
2 Pyruvate = 2 ATP + NADH + H*
2 Pyruvate + NADH + H" — Lactate + NAD" 2(—25.1) 2(—=6.0) 2(-14.8)

Glucose + 2 ADP + 2 P, — 2 Lactate + 2 ATP —-1235 Tabi@ilr-1,pl468
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Regulation of glycolysis

DEN 549 & XH
- Feedback inhibition
- Covalent modification
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Inhibition
of reaction

.
X  Control points

Inhibited by X "
glucose-6-phosphate 3. Stepsrequiring NAD
as electron acceptor
Glucose-6-phosphate
Fructose-6-phosphate

Inhibited by ATP ? X

/e N

Dihydroxyacetone —
phosphate -~

Glyceraldehyde-3-phosphate

1, 3-bisphosphoglycerate

3-Phosphoglycerate

2-Phosphoglycerate

*

Phosphoenolpyruvate

Inhibited by ATP ? X
Pyruvate

NETTE
DI = $F 0165
J| 204
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oG UE = L 80l ad
 Hexokinase (HK)

 Phosphofructokinase (PF1K)
@ reqgulated in all tissues
O key regulatory site in glycolysis
© inhibited by ATP, citrate
@ activated by AMP

 Pyruvate kinase



Hexokinase

@ reqgulated in brain and RBC , not in

muscle (B8 XY =% 5mM)

© inhibited by glucose-6-phosphate
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Pyruvate= HE Al =& =12
1) otz Met
<pyruvate + NADH --> lactate + NAD+>

LDH (lactate dehydrogenase): allosteric enzyme
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(b) Lactic acid fermentation
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Pyruvate= HE N 2 E&[=t?

hyg==z &2
<pyruvate--> acetadehyde--->ethanol>
Glucose + 2 ADP+ + pi ---> 2 ethanol + 2 ATP +
2CO, +2H,0



(a) Alcoholic fermentation
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(1) Mannose
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(2 Fructose
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Summary

In the first stages of glycolysis, glucose Is
converted to two molecules of
glyceraldehyde-3-phosphate

The key intermediate In this series of
reactions is fructose-1,6-bisphosphate.

T

P
a

ne enzyme that catalyzes this reaction,
nosphofructokinase, iIs subject to

losteric control.




Summary

In the final stages of glycolysis, two
molecules of pyruvate are produced for
each molecule of glucose that entered the

pathway

These reactions involve electron transfer,
and the net production of two ATP for
each glucose

There are three control points in the
glycolytic pathway




Summary

* Pyruvate Is converted to lactate In
anaerobic tissues, such as actively
metabolizing muscle. NAD+ Is recycled In
the process

* In some organisms, pyruvate is converted
to ethanol In a process requiring thiamine
pyrophosphate as a coenzyme
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