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GLYCOLYSIS

= Very Important

= extra explanation

“STAY FOCUSED TO STAY ALIVE”

435 Biochemistry Team
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MAJOR OXIDATIVE PATHWAY
OF GLUCOSE

THE MAIN REACTIONS OF
GLYCOLYTIC PATHWAY

THE RATE-LIMITING
ENZYMES/REGULATION

ATP PRODUCTION
(AEROBIC/ANAEROBIC)

PYRUVATE KINASE DEFICIENCY
HEMOLYTIC ANEMIA
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= |tis the major pathway for glucose oxidation, in the cytosol .

= |t works aerobically or anaerobically, depending on the availability of oxygen and
intact mitochondria .

= |t allows fissues to survive in presence or absence of oxygen, e.g. Skeletal muscle.

= RBCsrelate completely on glucose as their metabolic fuel "merabolised by
anaerobic glycolysis .
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Glycolysis

Aerobic

Available both : O2
&
MITOCHONDRIA

Anaerobic

Absence of O2 or
mitochondria or
both of them

Reversible = ”

Irreversible = l

The product of one
reaction is the
substrate of the
subsequent reaction.

Glucose 6-P*Glucose

vi

Fructose 6-P

O

Fructose 1,6-bis-P

A
\Z

N

Glyceraldehyde 3-P & Dihygroxy

V1 acetone-P
1,3-bis-Phosphoglycerate

1
3-Phosphoglycerate

W1
2-Phosphoglycerate

v

Phosphoenolpyruvate

Lactate < Pyruvate
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Aerobic
glycolysis

Glucose S-PV Glucose

1

Fructose 6-P

$

Fructose 1,6-bis-P

4
¥

Glyceraldehyde 3-P <, Duhydrox;

ana T acetone-

\

1,3-bis-Phosphoglycerate

a1
3-Phosphoglycerate

1
2-Phosphoglycerate

)
Phosphoenolpyruvate

v
ﬂm:tm Pyruvate

Isomerization of
glucose 6-
phosphate

Phosphorylation of
glucose

Oxidation of Isomerization of
glyceraldehyde 3- dihydroxyacetone
phosphate phosphate

Synthesis of 3- Shift of the

phosphate group

phosphoglycerate,
producing ATP

Cleavage of
fructose 1,6-
bisphosphate

Dehydration of 2-
phosphoglycerate

Formation of

pyruvate,
producing ATP




ACTION :

Adding of
phosphate group
to glucose

Enzymes :

= Hexokinase:
Most tissues

=  Glucokinase:

Hepatocyte
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Glucose 6-phosphate

1 ATP is consumed*

ACTION : i,
Isomerization HS-E-EH
of glucose 6-phosphate to H-C-OH
fruct -phosphat H-G-OH
uctose é6-phosphate 2
H
En Zyme . Glucose 6-phosphate (aldose)
Phosphoglucose
ISomer,
= Phosphoglucose - H
Isomerase g
H-C-OH
C:0
HO-C-H
H-C-OH
H-G-OH
H-C-0-®
H

Fructose 6-phosphate (kelose)
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Phosphorylation of fructose 6-phosphate

ACTION : Fructose 6-phosphate
Adding phosphate group ATP @ <wmwmm ATP, citrate
to fructose 6-phosphate Phosphofrucio. ) @ <~ AMP
kinase-1 ) <~~~ Fructose
2,6-bis-
Enzyme : ADP phosphate
= Phospho-fructokinase-1 (PFK-1) H_g_o®
¢-o
HO-C-H
*Phospho-fructokinase-1 (PFK-1) is the H-G-OH
most important regulatory enzyme in HE-0(P)
e Fruct 1|L6'b' hosphat
. . ructose 1,6-bisphosphate
(PFK-1) and its regulation A

: : 1 ATP is consumed*
= Allosteric Regulation . |
> Inhibited by: ATP & citrate =Y Jee Lili ATP |, Citrate Sl ja 2o 33b 5

» Stimulated by: AMP & Fructose?2,6-bisphosphate

* Induction/Repression
» Induced by: insulin
» Repressed by: glucagon




Cleavage of fructose 1,6-
bisphosphate

ACTION :

Cleaving fructose 1,6-bisphosphate
to dihydroxyacetone phosphate
and glyceraldehyde 3-phosphate

Enzyme:
= Aldolase A

I
H-C-0P)
G=0

Ho-(lz-H
H-C-OH
H-C-OH

H-C-0-{P)

H

Fructose 1,6-bisphosphate

CH) (ﬂ;laseA H
cH 0
HCOH €= -
, = C=0
H-C-0 @ Triose H-C-OH
H phosphate H
isomerase
Glyceraldehyde  Dihydroxyacetone
3-phosphate phosphate

Isomerization of
dihydroxyacetone
phosphate

ACTION :

Interconverting dihydroxyacetone phos-

phate (DHAP) into glyceraldehyde 3-
phosphate

Enzyme:
= Triose phosphate isomerase

= To complete glycolyfic pathway (DHAP) should be converted to
glyceraldehyde 3-phosphate , so we will have 2 molecules of glyceraldehyde

3-phosphate

= After this point there will be 2 molecules of the each next reactions




Oxidation of glyceraldehyde 3-
phosphate

(Oxidative level) -
X2

ACTION :

Oxidation to the molecule NAD+ - NADH
, this reaction used to add Phosphate
group to the molecule.

Enzyme : X2
= Glyceraldehyde
3-Phosphate Dehydrogenase

________________________________

' Outcomes : i
| 2 NADH = 6 ATP will be produced |
' by ETC in the mitochondria i
| |
' |

| TOTAL : 6ATP

S g S S S g S g o |

X2

-

C-H

-OH

-0-®

Glyceraldehyde
3-phosphate

P

II
Iﬁﬁﬁl:ll

§lyceraldehyde NAD'

3-phosphate
qehydrogenase

~

NADH +H' | X 2

-0~()
H
0

H
H-

I—ﬂﬂﬁ'ﬂ
CJCIG!

‘q&ﬂisphnsphug lycerate j

-

ADP)

Phospho-
glycerate

kinass

X 2 ATF

CJ
-0OH
-0-

®

H
H

IE‘.I('JC"JC]

\S-Phu:sp hoglycerate

Mufase 0
C-0

H

2,3-Bisphospho- | '

glycerate
H,0
Fhosphatase

Py

H-C-0-(P
H-G-0-(B) | .

Synthesis of 3-
phosphoglycerate,

producing ATP
(Substrate—level)

ACTION :
Phosphate group add to ADP fo
become ATP.

Enzyme :
= Phosphoglycerate kinase



ACTION

It is isomer and what change is : The P
group change position from O in carbon-3
to O in carbon-2 by

Enzyme :

Dehydration of 2-phosphoylycerate

= phosphoglycerate mutase.

Formation of pyruvate,

| Phosphoglycerate change fo

producing ATP

ACTION :

phosphoenolpyruvate by
remove water .

(Substrate—level)

phosphoenolpyruvate - pyruvate

Fructose 1,6-bisphosphate formed in
3rd step , it will go to the last step (it is
Allosteric)

Enzyme :
= Pyruvate kinase

Enzyme :
= Enolase
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substrate-ievel phosphorylation ¥s. Oxidative
phosphorylation

= Phosphorylation is the metabolic reaction of introducing a phosphate group into an

organic molecule.

Oxidative phosphorylation

Substrate-level phosphorylation

The formation of high-energy phosphate
bonds by phosphorylation of ADP to ATP

The formation of high-energy phosphate
bonds by phosphorylation of ADP to ATP
(or GDP to GTP)

the transfer of electrons from reduced
coenzymes to molecular oxygen by ETC

cleavage of a high-energy metabolic
intermediate (substrate).

mitochondria

cytosol or mitochondria

435 Biochemistry Team
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Glucokinase
hexokinase

Regulatory Enzymes

Pyruvate
kinase

Rapid, short-term

Regulation of Glycolysis

Allosteric
Regulation
Covalent
Modification

Regulatory
Mechanisms

Pyruvate Kinase Deficiency Hemolytic Anemia Slow, long-term

PK mutation maybe lead 1o :

=  Altered Enzyme Kinetics

= Decreased Enzyme stability

=  Alfered response to activator

Repression:
Glucagon

435 Biochemistry Team
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Rerobic Glycolysis: ATP Production

\

= ATP Consumed: 2 ATP

=  ATP Produced:

e Substrate-level: 2 X 2 =4 ATP

« Oxidative-level: 2 X 3 ATP (each NADH = 3 ATP will be produced)= 6 ATP

= Total: 10 ATP
* Net: 10-2=8 ATP

435 Biochemistry Team
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= The final product of anaerobic glycolysis is lactate

= fransforming Glyceraldehyde 3-P to 1,3-bisphosphoglycerate in anaerobic glycolysis they go
to fransform pyruvate intfo lactate by the help of lactate dehydrogenase

C Anaerobic
glycolysis

. Isomerization of Cleavage of
PhOSpTSglsag'on o glucose 6- fructose 1,6-
Glucose 6-P,  Glucose 9 phosphate bisphosphate
+
Fructose 6-P
Fructose 1,6-bis-P
4
M Shift of the Synthesis of 3- Oxidation of Isomerization of
%- = Glyceraldehyde 3-P < Dlhydroxz hosphate drou phosphoglycerate, glyceraldehyde 3- dihydroxyacetone
Nl‘\D T”” acetone- phosp group producing ATP phosphate phosphate
1 NADH |
1,3-bis-Phosphoglycerate
1
3-Phosphoglycerate
1 . reduction of
2-Phosphoglycerate Dehydration of 2- pyruvate, formation
1t phosphoglycerate o EEnie
Phosphoenolpyruvate

.
Lactate L Pyruvate

—_—,




LA Anaerobic glycolysis

= NADH produced cannot be used by ETC for ATP
production (No O, and/or No mitochondria)

= Less ATP production, as compared to
aerobic glycolysis

= Lactate is an obligatory end product,
Why<e

Because the cell has limited amount of NAD+. So NAD+ is
needed to transform Glyceraldehyde 3-P to 1,3-
bisphosphoglycerate and NADH molecules are produced.
Therefore, they need to be regenerated to NAD+ otherwise
glycolysis stops .

435 Biochemistry Team

ATP
consumption

:_,—J SGlucose
’\ ATP
ADP

Slucos= 6-F

1T

Ftuc&os‘ s-P

NADH Frucloso 1.8-bis-P
production $

Glyceraldehyde 3-P z)_oHAp

e 4_3”

2 {1 S-oas-Phosphoglyceratae)

=2 ADP T

) :Tm.piw,m.,
/ s

ATP 2 (- Fhosphoglycarate)
production ‘LT

2 (Lactate) ?—>_< 2 (Pyruvate)}

Z NAD"™ Z NADH « 21"

NADH consumption]|
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ACTION :
Pyruvate - lactate

Enzyme :
= Lactate dehydrogenase

This reaction is reversible. However, the enzyme
for both directions is lactate dehydrogenase
even though the reaction in the forward

direction gains hydrogen

435 Biochemistry Team

COO"
C=0
CHs
Pyruvate
NADH + H* NADH + H*
Lactate
dehydrogenase
NAD* NAD*
COO"
H-Q-OH
CHs
Lactate
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== RAnaerobic Glycolysis: ATP production
YoIs: prouu

= ATP Consumed: 2 ATP
7 Oxidative \
phosphorylation is i
cancelled because the |

= ATP Produced:
o Substrate-level: 2 X2 =4 ATP

7
///
—

NADH molecules don't go
to ETC to produce ATP in
anaerobic glycolysis but

they go to help in lactate ,ﬁ/ Total: 4 ATP
\ pproduction /w Net: 4—2=2ATP

~ e e

435 Biochemistry Team
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B ANacrohic Glycolysis in RBCS £
H-G-O#M
e

o
Y phosphate
p.
= All the steps are the same with other anaerobic glycolysis oo
except “2,3-BPG Shunt” in sometimes. e
8—0-@
:'--333“-@
1.3-Bisphosphoglycerate
ADP T 3—0' N
H-C-O-(F)
givearas H-C-O-{F)
ATP 23-309"0'9“0-
2-o R
H_¢_m FPhosphaase
H-C-O-
o (F>oH
3-Phosphoglycerate
rospiro-
aycorale Tl
o
G-o°
f7 B
2-Phosphoglycerate
MT\L—)Hzo
S
W&
Phosphoenolpyruvate
ADP
Fnase tow Bisphosphate
ATP
&-o
c=-0
H-C-H




Importance of Mutase

enzyme

4 )

It is important for association
and dissociation between
02 and hemoglobin.

- J

4 )

Increase in “2,3-BPG"” will help
to loss of association between
02 and hemoglobin and will
release more O2.

\- J

4 )

It usually occurs with people
who live in high altitude.

ACTION :
1,3-bisphosphoglycerate->
2,3-bisphospoglycerate

Enzyme :
= Mutase

ACTION :
2,3-bisphospoglycerate >
3-phospoglycerate , by
adding water molecule
and removing phosphate

agroup

Enzyme :
= phosphatase

0
C-0~(P)
H- C OH "
H-G-0-(P)
H
1,3-Bisphosphoglycerate
Mutase
ADP C-O P
H-C-0-
Phospho- :
glycerate H_(.:_U_
kinase H
ATP 2.3-Bisphospho-
glycerate
Q H,0
C-0 "*
H-C-OH Phosphatase
H-C-0-(P)
H P

3-Phosphoglycerate

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e S e e e e e e e e e e e e e e e e e e e e e e s

Remember:
1- No production of ATP in formation of “2,3-BPG".
2- "2,3-BPG"” comes back to “3-Phosphoglycerate” by

' Phosphatase enzyme

e e e e e e e e e e s e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e =)



Glycolysis in RBCS: ATP Production

ATP consumed : 2 ATP
ATP produced :
Substrate-level 2X2= 4 ATP
Or 1X2=2 ATP
Total 4 ATP
Net : 4-2=2ATP
Or2-2=0ATP

Glycolysis in RBCS: Summary

Energy
prodt yield
: LN%C:]?TG = without 2,3 BPG: 2 ATP
production or = with2,3 BPG shunt: O ATP

consumpftion
of NADH

PKD
haemolytic
anaemia
depend on

= Degree of PKD
= Compensation

by 2,3-BPG



‘3%) Glycolysis summary

Glycolysis

Aerobic glycolysis 8 ATP
Anaerobic glycolysis 2 ATP

Glycolysis in RBCs

Without 2,3 BPG synthesis 2 ATP
With 2,3 BPG synthesis O ATP




REMEMBER

= Glycolysis is the major oxidative pathway for glucose

= Glycolysis is employed by all tissues

= Glycolysis is tightly-regulated pathway

= PKF-1 is the rate-limiting regulatory enzyme (PFK-1=PhosphoFructoKinase-1)

= Glycolysis is mainly a catabolic pathway for ATP production, but it has some anabolic
features (amphibolic) :

> Synthesis of triacylglycerol from dihydroxyacetone phosphate

> Synthesis of 2,3 BPG

= Pyruvate kinase deficiency in RBCs results in hemolytic anemia

*Amphibolic: it means both anabolic and catabolic reactions .




:Boys Team . :Girls Team
‘_;R.A\)Ud\m:_ @AJ&\QJ}—
(oAl Nga - Omeadl o i -
_ijiﬂ\aju_

bl aaala el Yo -
_@M\o‘)}_

. drpall dena - Ol e -

el Sle -

UL I F SSIL) (L -

Ol aadald -

el - STl 658 5 -
csondl Al A -

sl Al e - ol gl pald -

Ak Jiae -

il ) -

e aSilanSle g il i) Qs * Calaadl -
_Q,y.uaj\aj.m_

435 Biochemistry Team



https://twitter.com/435biochemteam
https://twitter.com/435biochemteam
https://twitter.com/435biochemteam

