Notes11/16

Friday, November 16, 2007

10:10 AM

Glycolysis

Nov. 16, 2007

Announcements

Glycolysis and TCA handouts available
Midterms are available

- Regrades

—Key

— Feedback

No class, discussion, office hours
Thurs. and Fri. next week

No quiz next week

Overview

Glycolysis

— Pick up where we left off
— Fates of pyruvate

— Closer look at each step
- Regulation and control

Figure 17-3
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* Mutase because shifts functional group on same molecule
* Energydifference between 3PGand 2PG is small
s 2stepreaction (1intermediateis 2,3-bisphosphoglycerate (BPG) which increases hemoglobin affinity
foroxygen
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* Dehydration reaction of 2PGinto PEP
* Enolase (makes enol pyruvate) needs Mg?*
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Pyruvate CH—C—C, Pyruvate
)
* Transferof phosphoryl group
* Kinase - transfers phosphoryl grop from ATP
* Enzyme pyruvate kinase is named for reverse reaction...don't get confused over name
* -31.5kJ/mol nearly irreversible spontaneous reaction
* Energy required to make ATP on STP is 3.5k)/mol

Figure 17-3
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Overall Chemical Strategy of
Glycolysis
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+ Add phosphoryl
groups to glucose
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intermediates into
cmpds w/ high
energy

Couple high energy
cmpd hydrolysis with
ATP synthesis
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Sioite Figure 17-1
o NAD* must be recycled
N— Cy'
Glucose
2ADP ‘ ~ 2NAD*
+2P, |/
v
Fructose-1,6-
bisphosphate
g 2ATP = e 2NADH ~
= 2Pyruvate 4
* Add phosphoryl groups to glucose S axaDn 5 R
o Convert horylate dintermediates into with high [
energy s et 4 "
* Couple high energy compound hydrolysis with ATP synthesis rpn wo, + Mo o,e
Fates of Pyruvate Now for a Deeper
Understanding of the
+ 3 Catabolic Routes Preparatory Phase of
~ Aerobic oxidation Glycolysis
- Lactic acid
fermentation
- Ethanol fermentation
* Many anabolic
Routes
10
Figure 17-1  Pyruvate .
9 overen y Step 1: Hexokinase
P4 * When pyruvate goes through reactions it
\_./—‘ helps recycle NAD* . Ph horvlati fal
o e AD?® * Pyruvate can undergo anarobic osphorylation of glucose
=N Ve homolacticfermintation * Rxn:
Fructose-1,6- o Pyruvate becomes 2 lactates "
blsphosphate * Yeastcellsinabsence of oxygen will * Glucose + ATP --> G6P + ADP +H
—— | | . undergo anarobicalcohol fermentation
: ) o Pyruvate becomes CO>and
2yruvato ethanol
¢ v * Cytriccycle, TCA, and Crebs cycle all
Anmerobic ASHIDID S Mton mean same thing:
¥ ;T::m:vl.nlh‘v o Pyruvate to CO2and H.0
¥
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Now for a Deeper
Understanding of the
Preparatory Phase of

Glycolysis

Step 1: Hexokinase

« Phosphorylation of glucose
* Rxn:
» Glucose + ATP --> G6P + ADP + H*

* Coupledreaction

* When [ATP]isvery highitacts as a competitive inhibitor

* Mostkinases use proximity effects forreaction (including hexokinase)
* Conformational change

Glucokinase and hexokinase are isozymes. They catalyze

Figure 1 8-23 same reaction butare not the same

1.0 Vmexrt
Hexokinase
0.8
Vo
or
Vet 0.6
A
O Glucokinase
H 0.2
0.0k
o 5 ™ 2,

[Glucose] (mM)

Step 2: Phosphoglucose
Isomerase

« Isomerization of G6P

* Hexokinase:
o Allcells
o Obeys M-Mkinetics
(hyperbolic)
© Km<0.1mM
G6P inhibitsit

o

* Glucokinase

Livercells

Displays sigmoidal kinetics
Ko.s<5mM

Notinhibited by G6P
Monomericso sigmoidal
kineticsis puzzling
Phosphorylates glucoseand
makes glycogen

0000 o0

o
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Hexokinase and Glucokinase
are Isozymes

* Hexokinase
- All cels
~ cbeys M-M kinetics
{hyperbolic)
- K, <0 1mM
~ G6P inhibits it
* Glucokinase
~ Liver colls
- Displays sigmoldal
inetica ¥
- Koy <SmM e
~ Not inhibited by G6P
— Monomeric 5o sigmoildal
Kanetics is puzzling

Figure 18-23

Hexakinase
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Step 2: Phosphoglucose
Isomerase
» Isomerization of GEP
* Rxn
e
« GBP <> F6P

Figure 17-6




* Rxn
.
* G6P <--> F6P

* Convertsaldose gluc 6 to ketose fructose-6:
* G6P and F6P is generally in ring structure so enzyme mustopen rings
e Acidbase

Figure 17-6

1. Ringisopened

2. Base abstracts proton
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Fructose--phosphate (FEP)

5. Productreleased fromactive site and
enzyme regenerates

Step 3: Phosphofructokinase e

= Phosphorylation of FEP

* Rxn
o
* F6P + ATP --> F1,6P + ADP + H*

* Functinosfarfrom equilibrium

* CatalyzesRDS

* Homotetramer
© Has4 subunits and each subunitisidentical
© Has?2 states: R<-->T

17
Regulation of PFK
Positive Effectors Negative Other
Effectors regulatory

mechanisms
AMP or ADP ATP F6P availability
P, NH,* |Citrate
F2,6P H*
{emoept in plants and bacieria) “

3. Substrate takes proton back buton carbon 1

0, POCH,

I‘l N )
1 - -
HoN_ 7 Vo

- e

4 4 cis-Encdiolate
V4 intermediate

16

Effectors of PFKin Heart Muscle
o Inhibitors
= ATP
= Citrate
= PEP (phosphyl enol pyruvate}-2nd tolastenzymein
glycolysis
Deinhibitors (not same as activator) reverses the effect of
inhibition.
o Deinhibitors reverse the effect of inhibitory concentrations
of ATP
= ADP,AMP
= F1,6P,F2,6P,F6P
o F6Pishomotropicallostericeffector

o
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Step 3: Phosphofructokinase

+ Phosphorylation of F6P

« Rxn:
-
FBP + ATP --> F1,6P + ADP + H*

+ Functions far from equilibrium
« Catalyzes RDS

« Homotetramer

* Re->T

Effectors of PFK in Heart
Muscle

* Inhibitors  * Deinhibitors reverse

~ATP the effect of inhibitory
—Ci concentrations of
_g;’:‘e ATP

—ADP, AMP

-F1,6P, F2,6P, F6P

Figure 17-33 modified
F2,6P

No inhibitors (low IATP])

1mM ATP
+ 01 mM AMP

1mM ATP

Phasphofructokinase activity

10 20
[Fructose-6-phosphate] mM

o

Figure 18-24
Role of F2,6P in regulation of
PFK




Figure 17-33

No inhibitors (low IATP])

% /‘/
g / 1mM ATP
2 / + 0.1 mM AMP=3 deinhibrof
) g // 1mM ATP
P2
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0 1.0 20
[ Fructose-6-phosphate] mM
19
Figure 18-24
Role of F2,6P in regulation of
PFK
PO e .-.,I.. oH PFK-2 r " ”-I-I
e 11,001 uH on
: war prkz-P : T
i (notintermediate)
¥

PFK-2has2 forms
o Phosphorylated and dephosphorylated 0
PFK-2is different from PFK

Step 4: Aldolase

Cleavage of Fructose 1,6-bisphosphate
into trioses

* Rxn

F1,6P <--> dihydroxyacetone
phosphate + glyceraldehyde 3-
phosphate

o

Figure 17-9
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Step 5: Triose phosphate
isomerase

= Isomerization of dihydroxyacetone
phosphate to glyceraldehyde 3-
phosphate

* Rxn
+ DHAP <--> G3P

n

Score card for the preparatory
phase of glycolysis

» Glucose + 2 ATP --> 2 G3P + 2 ADP + 2 H*
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