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GLUCOSE TRANSPORT
- INSULIN INDEPENDENT

G LUT ]_ TABLE 11-4 Glucose Transporters in the Human Genome

Transporter Tissue(s) where expressed Gene Role”
G LUT 2 GLUT1 Ubiquitous SLC2A1 Basal glucose uptake

GLUT2 Liver, pancreatic islets, intestine SLC2A2 In liver, removal of excess glucose from
GLUT 3 blood; in pancreas, regulation of insulin release

GLUT3 Brain (neuronal) SLC2A3 Basal glucose uptake

GLUT4 Muscle, fat, heart SLC2A4 Activity increased by insulin

GLUTS Intestine, testis, kidney, sperm SLC2A5 Primarily fructose transport

GLUT6 Spleen, leukocytes, brain SLC2A6 Possibly no transporter function

GLUT7 Liver microsomes SLC2A7 —

GLUT8 Testis, blastocyst, brain SLC2A8 -

GLUT9 Liver, kidney SLC2A9 -

GLUT10 Liver, pancreas SLC2A10 -

GLUT11 Heart, skeletal muscle SLC2A11 -

GLUT12 Skeletal muscle, adipose, small intestine SLC2A12 —

"Dash indicates role uncertain. D-Glucose

Outside

INSULIN DEPENDENT

| Insidrér

GLUT 4 (MUSCLE, ADIPOSE




TABLE 16.4 Family of glucose transporters

Name Tissue location Ky, Comments

GLUT1 All mammalian tissues T mM Basal glucose uptake

GLUT2 Liver and pancreaticB cells 15-20 mM In the pancreas, plays a role in
the regulation of insulin
In the liver, removes excess glucose
from the blood

GLUT3 All mammalian tissues TmM Basal glucose uptake

GLUT4 Muscle and fat cells 5mM Amount in muscle plasma mem-

brane

GLUTS Small intestine

increases with endurance training
Primarily a fructose transporter

Table 16-4
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Catabolism of proteins, fats, and AminGIEty S Glucose 4

. roduction
carbohydrates in the three stages of - l., =%
. . ycolysis
cellular respiration /
o Pyruvate
. . . J_L _./‘ zz:;:jartoegenase
Stage 1 oxidation of fatty acids, glucose, [ < Al Gl
and some amino acids yields aceBdA. /e!&w Acetyl-CoA
Stage 2
Acetyl-CoA

oxidation

Stage 2 oxidation of acetyl groups in the o
citric acid cycle includes four steps in g

e~ Citric

which electrons are abstracted. %e‘ i

co,
Stage 3 electrons carried by \ 2 /
NADH+H* and FADH, are funneled a0
into a chain of mitochondrialelectron s :::?',E,:,:’:"':f:..
carriers Hesritatory 2H*+ 1o,
the respiratory chain ultimately reducing [ chain KHZO
O, to H,O.This electron flow drives the Aof.; \A‘w

production of ATP. Figure 16-1
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Glycolysis:

-Glycolysis is an almost universal central pathway of glucc
catabolism, the pathway with the largest flux of carbon in |
cells.

-Glycolysis takes place inside the cytoplasm of the cell

-Glycolytic intermediates are phosphorylated / glycolytic

l nter mediI ates canot | eave
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i O
-|\/|OS_'[ glycolytic en_zymes "0—P—0—P—0—P—0—CH,  [Adenine
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OH OH
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Glycolysis

glucose + 2 NAD*+2 ADP +2 P, —
2 pyruvate + 2 NADH + 2 H* + 2 ATP + 2 H,0

A redox reaction:

glucose + 2 NAD* — 2 pyruvate + 2 NADH + 2 H*

glucose is oxidized: AG® = -146 kd/mol

COOH
+2/3 +1 -2

CHax




The enzymes of glycolysis, and the reactions they catalyse

Kinase: phosphorylation by using an ATP

ﬁ ﬁ ﬁ I (T ﬁ
I
_ P P P R = + P P
R—OH + g o So o No7 o 07, o o
- o .0 d_ 6 o
ATP adenine a phosphate ester ADp  adenine

Isomerase: isomerisation of the substrate
aldolase: aldol dimerisation
dehydrogenase: oxidation by removing 2 H atoms

mutase: isomerisation of the substrate by shifting a particular group in
a molecule from a position to another one

enolase: addition of a water molecule to an enol
Ry OH R,  OH
o H
H Ri HWoohT

The enzymes catalyse the reactions and their reverse, too!
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1. HEXOKINASE OR GLUCOKINASE ?
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1. Regulation of HEXOKINASE IV
(GLUCOKINASE) by sequestration in the LIVER
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Figure 15-13
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company



2. ALLOSTERIC REGULATION OF PFK -1
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2. HORMONAL REGULATION OF PFK -2

Glucagon Glucagon  Adenylyl
receptor cyclase

00000000000
QQQQQQQQQQQQQQQQ
...............
.............
.....

ooooooooooooo

A

ATP

GLUCOSE ABUNDANT GLUCOSE SCARCE

(glycolysis active) ( (glycolysis inactive)

@ Fructose 2,6-bisphosphate Protein kinase A Fructose 6-phosphate
/ (stimulates PFK) ADP ATP ADP (no PFK stimulation)
PFK 1 ATP H,0 H,0
Fructose 6-phosphate _ Fructose
~ o Phosphoprotein 2,6-bisphosphate
St ® _ -7 phosphatase

E
INSULIN



2.HORMONAL REGULATION OF PFK -2
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3. REGULATION OF PYRUVATE KINASE

Liver only

|

|

l
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I
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PKA I Pyruvate :
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®\ _ LM ADP | @)e----
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HORMONAL REGULATION OF GLYCOLYSIS
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cytosolic - GLUCONEOGENESIS
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Synthesis of glycogemMuscle, liver:

(hexokinase, glucokinase)
D-glucose + ATP- D-glucose6-phosphate + ADP

(phosphoglucomutase)
glucose6-phosphate? glucosel-phosphate

(UDP-glucose pyrophosphorylase)
glucosel-phosphate + UTP- UDP-glucose+ PP,

CH,OH CH,OH
0 0
™ o 2 €‘> 00 070 th
HO 0. // i v N HO 0_ 0. O,
N0 P P _P_ _uridine =/ o N Suridine + PPy
p~ ¥ - _uridine P P uridine +
oH | 07 o N0 o OH /\ /A |
0 0 d_0 d-0
Glucose 1-phosphate UTP UDP-glucose
(Glycogen synthase)
(Gycogenin)

(Branchig enzyme)
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Elongated glycogen
with n + 1 residues
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Nonreerc‘l‘;lcmg (@1->4 glycogen-branching
enzyme

(a1—6) Branch
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Nonreducing end
CH,OH

DEGRADATION

CH,OH
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Glucose

1-phosphate

Glycogen (starch)

n glucose units

glycogen (starch)
phosphorylase
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CH,OH
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Glycogen (starch)
(n=1) glucose units



Nonreducing ends DEG RADATION

(x1—6)

Glycogen

glycogen ]/Pi and PLP

phosphorylase

S5es S D00
2 & X & 4 G
Glucose 1-phosphate

molecules _
transferase | Oligo (al- 6)to

activity of (a 1- 4)
debranching

enzyme gluca§nsferase

(1—6)
glucosidase
activity of

debranching Glucose
enzyme O

Unbranched (a1—4) polymer;
substrate for further phosphorylase action
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Epinephrine i Glucagon
Myocyte i i é Hepatocyte
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L DEGRADATION

. ATP =y Cyclic AMP .
Cal mOd u I IN adenylyl 720>< moleculesi
cyclase : :

Inactive PKA

Active PKA F'15'35 5th

] | |
=== |10x molecules|
g | |

Inactive "@ Active
phosphorylase b =———p phosphorylase a

kinase R - kinase
4 1 100x molecules }
Inactive @ Active

glycogen glycogen

MP] === . olecules

GLUCOSE

10,000 molecules |

Glycolysis Glucose
Muscle contraction Blood glucose

f_ 1 0,000x molecules



Glycogen phosphorylase of liver as a

glucose sensor
DEGRADATION

O Insulin (I)H
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DURING EXERCISE OR FASTING

Glucagon (liver) or
epinephrine (muscle and liver) Adenylate

\ cyclase
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Effect of GSK3 on glycogen synthase activity

Phosphoserines 3ADP ® 3ATP \pp
GSK3 D

near carboxyl

terminus
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