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Entry of glucose into the cell

Transport
hexokinase
glucokinase In liver
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Glucose Transporters

TABLE 16.4 Family of glucose transporters

Name Tissue location K. Comments
GLUT1  All mammalian 1 mM  Basal glucose uptake
tissues
GLUT?2  Liver and pancreatic  15-20 mM  In the pancreas, plays
B cells a role in regulation
ol insulin
In the hver, removes
excess glucose from the
blood
GLUT3  All mammalian 1 mM  Basal glucose uptake
tissues
GLUT4  Muscle and fat cells 5mM  Amount in muscle
plasma membrane
increases with
endurance training
GLUTS  Small intestine Primanly a fructose
transporter




Preparatory phase of glycolysis
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Mechanism
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Energy production
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Mechanism: dehydrogenase
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PEP to Pyruvate

& pande 15-1

;_'Wumpu'uu and generation of ATP in glvcolvsis
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3-Phosphoglycerate 2-Phosphoglycerate Phosphenolpyruvate Pyruvate ,-j:-: phoenalpyruvate + 2 pyruvate 2
= i Net  +2
ENERGY YIELD IN THE CONVERSION OF GLUCOSE
0 INTO PYRUVATE
The net reaction in the transformation of glucose into pyruvare =
CH3 .

Glucose + 2 P, + 2 ADP + 2 NAD® — -
Phosphenolpyruvate Pyruvate Pyruvate 2 pyruvate + 2 ATP + 2 NADH + 2 H" + o'
(enol form) i



Biological Systems

 Net2 ATP
2 NADH

e Most reactions at
equilibrium can be
reversed

Table 15-3

Typical concentrations of glycolytic

intermediates in erythrocvies

Intermediate

Glucose

Glucose B-phosphate

Fructose 8-phosphate

Fructose 1,B-bisphasphate
Dihydroxyacetone phosphate
Glyceraldehyde 3-phosphate
1.3-Bisphosphogiycerate
2.3-Bisphasphoglycerate
3d-Phosphoglycerate L
2-Phosphoglyeerata
Phosphoenoipyruvate

Pyruvate

Lactate

ATP

ADP

P

L

5000
a3
14
3

138
18

4000
18
30
23
51
2500
1850
138
1000

After 5. Minakami and H. Yoshikawa,
Biochem. Biophve. Res. Comm. 183(1965):345.




Overall reactions of glycolysis

TABLE 163 Reactions of glycolysis

AG" in AGin
kelmol™!  keal mol”
Step  Reaction Enzyme Reaction type Kmol™h)  (kJmol™})
I Clucose + ATP — glucose 6-phosphate + ADP + HT Hexokinase Phosphoryl transfer —40(=167}  -80(-335)
1 Glucose f-phosphate == fructose 6-phosphate Phosphoglucose 1somerase [somerization H04(+1.7)  -06(-25)
3 Fructose b-phosphate + ATP — Phosphofructokinase Phosphoryl transfer -34(-140)  -R3(-22)
fructose 1,6-bisphosphate + ADP + H
4 TFructose 16-bisphosphate = Aldolase Aldol cleavage #5.7(+238) 0.3(-13)
dibiydroxyacetonephosphate + glyceraldehyde 3-phosphate
5 Dibydroxyacetone phosphate = glyceraldehyde 3-phosphate Triose phosphate isomeraze  lsomerization 18(+7.5) t0.6(+25)
6 Clyceraldehyde 3-phosphate +P: + NAD" = Glyceraldehyde 3-phosphate  Phosphorylation coupled  +1.5(+6.3) +06(+25)
1,3-hisp1fmphnglyteratr: + NADH+H™  dehydrogenase to omidation
7 13- Bisphosphoglycerate + ADP = 3-phosphoglycerate + ATP Phosphoglycerate kinase Phosphoryl transfer 45(=188}  +0.3(+13)
§  3-Phosphoglycerate —= 2-phosphoglycerate Phosphoglycerate mutase Phosphoryl shift +HLI(T46)  102(+0.8)
4 2-Phosphoglycerate === phosphoenalpyruvate +H,0 Enolase Dehydration +04{+17)  -08(-33)
10 Phosphoenclpyruvate + ADP + H™ — pyruvate + ATP Pyruvate kinase Phosphoryl transfer -15(-34)  —40(-167)

Nate: A, the actual free-energy change, has been calculated from AG and knewn concentrations of reactants under typical physiclogic conditions. Glyealysis can proceed cnly if the A values of
all reactions are negative. The small positive AG values of three of the above reacticns indicate that the concentrations of metabolites in vivo in cells undergoing glycolvsis are not precisely known.




Regulation of glycolysis

e ATP/ADP ratios are
Important

Low [ATP]
 Two roles: energy

nroduction and
ouilding blocks for

niosynthesis High [ATP]

Reaction velocity —

[Fructose 6-phosphate] —



Phosphofructokinase: Highly

regulated
Allosteric enzyme: "Rty o OPRE
Activated by ADP and HO
AMP ! CH,OH
Inhibited by ATP and Fructose 2,6-bisphosphate
Citrate (from TCA R
Cyc|e) Q=T
Fructose 2,6
bisphosphate

regulation




PFK-2

Tandem enzyme: PFK-2,
both kinase and
phsophotase together

Fru 2,6 P potent "
activator of PFK-1 Kinase domain  Phasphatase domain

prevents inhibition of b
citrate/ATP for fatty
acid biosynthesis
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Activation of PFK-1 by Fru 2,6 Bis
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Other sites of Regulation

Pyruvate kinase
allosteric

stimulated by fructose
1,6P

inhibited by acetyl-CoA,
fatty acids

protein kinase inhibits
pyruvate kinase

Glyceraldehyde 3-P
dehydrogenase

stimulated by NAD+

HIGH BLOOD () LOW BLOOD

GLUCOSE GLUCOSE
LEVEL LEVEL
Phosphorylated

pyruvate kinase |

(less active) /T
H,0 » ADP
() ATP

Phosphoenolpyruvate + ADP + H*

P
Fructose ATP

1,6-bisphosphate  Alanine



