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PHYSIOLOGY Transport Through The Cell //‘L .
435 Membrane Q;'/

* Cell membrane is selectively permeable . (<. Ly ol

* Substances that pass through the protein
i
water — soluble substances

* Directly through the lipid bilayer
fat — soluble substance

Outside Gate Na* Na™*
closed » -

= P o) i Gate open
All substances ~ TE5
enter into the Inside ¥
cell either by A
A Outside -
proteins or by =
lipid bilayer 2
7 et "\. E Gate open
Inside closed KT l.(*'

an example of how protein works as a channel for ions

Contact us : Physiology435@gmail.com
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Passive Transport e
PHYSIOLOGY . ) ) me
TEAM435 ( Facilitated diffusion) \435/

Facilitated diffusion :
* Carrier mediated transport down an electrochemical

gradient.
(ion channel)
Channel protein —

aml(aquaporins : water& small
solutes

Carrier protein — . .
(glucose & amino acids )

Types of membrane

facilitate diffusion

protein that

Contact us : Physiology435@gmail.com



SNRIgLOSY Active Transport

% Co-transport: < Counter transport:

* All solutes move in the same * Nat is moving to the
direction “ inside cell”. interior causing other

* Na+ - glucose Co-transport. substance to move out.

* Na + - amino acid Co-transport. | * Ca*?/ Na*exchanger (present

in the intestinal tract & kidney. in many cell membranes)

McGraw-

Extracellular fluid Carrier ¢ Na + / H + eXChange in the

) \) protein .
22° —o o kidney.

Glucose

Na*—K*
pump

Cytoplasm

1. A Na*—K* pump (ATP-powered pump) maintains a concentration
of Na* that is higher outside the cell than inside.

2. Sodium ions move back into the cell through a carrier protein (symporter) Figure 4-14 Sodium counter-tra nsport of calcium and hydrogen
that also moves glucose. The concentration gradient for Na* provides ions
energy required to move glucose against its concentration gradient. )

Contact us : Physiology435@gmail.com
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e Define a metabolic pathway.

ine reactions, and rate limifing steps in a
‘hway

e De
* me

‘ermine different regulatory mechanisms for
tabolic pathways

e Describe the general metabolic pathways for
glucose

e (production and utilization)

e priefly describe the glycogen metabolic pathway
anad

e HMP

e Recognize the mechanisms of glucose transport
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Metabolic pathways

- Cellular (tissue)
-Subcellular

A
—f
;

Definition

Regulatory mechanism(s) of metabolic bio Ck@fﬁir(i:%sl ?Te%%ﬁgﬁsr‘% (']r]r help

pathways including: convert .mo|egu|es and
, substrates into different and
more readily usable materials.

1- Rapid short-term
-Covalent modification

-Allosteric

2- Slow long-term
-Induction\repression

435 Biochemistry Team




)iochemistryTeam

Metabolic Pathways of Glucose

Glycogenolysis Gluconeogenesis
| *Catabloic* | | *Anabolic* |
- Degradation
S
'Onglylcogen | Note : Producing of
mlv? g LlJCIQSe | glucose from non-
) dCHny I\I/er | carbohydrates
Onc Tusﬁ = i sources
Y1os0 | e.g.:amino acids,
|
|

glycerol & lactate

Catabolic cycles

Anabolic cycles

Glycolysis (Mainly)
Krebs (Mainly)
Glycogenolysis
HMP

Gluconeogenesis
Glycogenesis

Hexose
interconversion

I
HMP/PPP

| converting
| of other

| hexoses

i into glucose
|

| *Catabolic* |

1- Important source for
NADPH

Which is used in
reductive syntheses.

2- Source for
metabolically active
ribose

Which is used for
production of

nucleotides:
. For nucleic acids.
. For co-enzymes.
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|

Hexose Glycolysis

interconversion
| *catabolic*
.
| Note : |
| Converting |
| . |
| glucoseinto | | Krebs cycle
| other |
| hexoses |
Glycogenolysis
Glucose “

Glycogenesis

*Anabolic*

- Synthesis of
glycogen
from glucose
- Mainly liver
and muscle,
Cytosol

> Glycogen

Glycogenesis



- Hexose Monophosphate Pathway (HMP) or
Pentose Phosphate Pathway (PPP)

1- Important source for NADPH Which is used in reductive
syntheses.

2- Source for metabolically active ribose
Which is used for production of hucleotides:
For nucleic acids.
For co-enzymes.
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 W—— Glucose Transport

Na+-Monosaccharide
Cotransporter

- Against concentration gradient
- Energy dependent

- Carrier-mediated

- Coupled to Na+ transport

- Small intestine, renal tubules &
choroid plexus

S e adY | AAl A iy of aadaien Y 5 S lal) -
celall cna | Gl g H0la
o dan o W, Al 48 5k ) zling ged ol -

L e () G (Al ) il i 5SU (33 yha (g 2 503 sl
© Caoadl 4y (83 sa s o sl sl e
bl dl) 48, ylay 43 Luals 315 0 508 Ge Janadl 4 -
d5a sa 5 o sl sy Lale (o el Gas L) 5 G s
© paal 4l

Na+-Independent
Facilitated Diffusion

- Down the concentration gradient
- Energy Independent
- Glucose Transporters (GLUT 1-14)

\

Glucose transporters (Tissue-specific expression pattern)

| Note : GLUT-4 is insulin

| oy .
| sensitive, because it A —

| . .
Lneeds insulin to work. |

\ 4

GLUT-I Glucose uptake from blood | RBCs and brain
GLUT-2 Blood & cells (either Liver, kidney & pancreas
direction)
GLUT-3 Glucose uptake from blood | Neurons
GLUT-4 Glucose uptake from blood | Adipose tissue & skeletal
muscle
GLUT-5 Fructose transport (it Small intestine & testes
prefers fructose more than
glucose)
GLUT-7 Liver (ER-membrane)




(s S—_— phosphorylation

Phosphorylation:

(metabolic reaction that adds phosphate group to organic molecule)
*you basically add one phosphate group and that’s all*.

Phosphorylation

Only in mitochondria In mitochondria or cytosol

The formation of high-energy phosphate The formation of high-energy

bonds by phosphorylation of ADP to ATP, phosphate bonds by phosphorylation of
coupled to the transfer of electrons from the = ADP to ATP, coupled to the cleavage of
reduced coenzymes to molecular oxygen via high-energy metabolic intermediate.

the electronic transport chain.

Notes:

#In phosphorylation we change ADP 2 ATP.

#In oxidative phosphorylation we add phosphate group and transfer electrons(from reduced
coenzymes to oxygen) in ETC.

#In substrate level phosphorylation you can change ADP->ATP or GDP>GTP).

435 Biochemistry Team




|- Overview of glycolysis
Glycolysis

(major pathway for glucose oxidation= S slall ;<)

Anaerobically
No oxygen ,or no mitochondria
Produces 2 ATP
E.g. Red Blood Cells(RBC)
Skeletal muscles

Aerobically
Oxygen, mitochondria
Produces 8 ATP
E.g. Skeletal muscles

Notes:
#RBCs always use Anaerobic glycolysis because it doesn’t have mitochondria.

#Aerobic glycolysis always need oxygen and intact mitochondria(functioning ,not

damaged)
#glycolysis is mainly catabolic but has some anabolic so it's called amphibolic
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e Regulation of glycolysis

Enzymes that regulate glycolysis (enzymes of irreversible steps)

Glucokinase/Hexokinase Step |

PFK-I (phospho-fructo kinase-1) Step 3 *most important

Pyruvate kinase Step 10 *Deficiency of it causes hemolytic anemia
Nofes:

#In the exam if they ask about the regulatory enzyme (or rate limiting enzyme) it is
PFK-1(doctor’s note).

#rate limiting step = irreversible step = regulatory step.

#Glucokinase only in hepatocyte(liver) . Hexokinase in the rest of the body.

#PFK-1 is activated by AMP and inhibited by ATP.

435 Biochemistry Team




ocheristry Teoi Regulation of glycolysis

Mechanisms regulate glycolysis

= .

o

Fos’r (short-term) Slow(long-term)
\ Induction/Repression
AIIos’rerlc Covalent By hormones.
modification
! -4 E.Q.
- Insulin induce (activate) PFK-
C. EI"DStEFIC inhibitor " ] ,glUCOkinOSG/heXOkinase
covalent bond
f. Covalent inhibition 'pyrUVGTe kinose‘
E.g. of allosteric - Glucagon repress(reduce) PFK-
enzymes: 1,glucokinase/hexokinase
PFK-1, ,oyruvate kinase.

Hexokinase,
pyruvate kinase.

Recall:
#allosteric regulation: when the molecule bind to the enzyme in the allosteric
site(inactive site) and inhibit substrate to bind to active site of that enzyme.
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- Hexokinase >
most tissues
- Glucokinase >
hepatocytes
(liver)

Step 1

o I
ITIIoT
T-Q-Q- 000
oo Noj= e g
A P B = E

p-Glucose

exokinase
Glucokinase

I
TFIOT I

0
C-
c-
C-
C-
C-
(;- )
H

Glucose 6-phosphate

ﬂhosphorylo’rion oh

glucose is the
process of adding

a (p) group
derived from ATP

to the molecule
(15t ATP
consumed)

J

7

~ T

This enzyme
isomerize or
(transform)
glucose 6-

phosphate to
fructose 6-

phosphate
o )

[ l irreversible l T revesible]
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Glucose 6-phosphate

Phosphoglucose
isomerase

=
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Fructose 6-phosphate

Aerobic Glycolysis 182

Recall:
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PFK-1:is the rate-limiting
regulatory enzyme

2nd ATP is
consumed
And the (p) group
is added to FéP
molecule t

- This enzyme cleaves fructose 1,6-
biphosphate to :
- glyceraldehyde 3-phosphate (GAP) &
dihydroxyacetone phosphate (DHAP) (3
C each)

/ - GAP is the only molecule that \
continues in the glycolytic
pathway.
- The enzyme triose phosphate
isomerase (TIM) recognize DHAP to

GAP so it can continue in the
\ glycolytic pathway /

—

PFK-1: regulation

4

NSy :
C-H H-c-0-(P)
H —C; -OH Cc=0
H -(; S0 H-(} -OH
ﬁ\ phosphate H
isomerase
Gl ceraldeh¥de Dihydroxyacetone
-phosphate phosphate

1B
Phosphofructo- 169 < i
kinase-1 /€D <.+~ Fructose
2,6-bis-
DP

A

/]
|£—-.- ATP, citrai®

Fructose 6-phosphate

phosphate
H
¢-0-(P)
c=0
C
H
H
®

isphosphate

_l H
_C O
__IC 0
_¢ O
H

e 1,6-b
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Pfk-1 is inhibited

allosterically by
high levels of ATP

& citrate

Dihydroxyaceton
phosphate is used
for synthesis of
lipid. So this is the
anabolic feature
of glycolysis

Pfk-1 is activated

allosterically by
high levels of AMP

A) Most potent
activator of PFK-1
B) Is aninhibitor
of fructose 1,6-
biphosphatase, an
enzyme of
gluconeogenesis!

the first 5 reactions of glycolysis
correspond to an energy investment
phase in which the phosphorylated
forms of intermediates are
_synthesized at the expense of 2 ATP

/
|
|
|
|
|
|
|
|

7

R —
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- Glyceraldehyde 3-phosphate is
- converted to 1,3-

' Bisphosphoglycerate (1,3 BFG) by
- enzyme called Glyceraldehyde 3- |

' phosphate dehydrogenase

. - The enzyme detaches a H from

. Glyceraldehyde 3- phosphate

. (oxidising it ).

- NAD+ is reduced to NADH. High-
energy phosphate group attaches |
- to carbon 1 of 1,3 BPG by the i
- same enzyme , conserving much
- of energy produced by the

~ oxidation of aldehyde group .

NOTE !
For each NADH, 3 ATPwill
be produced by ETC
in the mitochondria
l.e., 6 ATPareproduced

Aerobic glycolysis 6-10

O
H-C-0O
H-C—-O( :)
H
Gl ceraldehyde
hosphate
Glyceraldehyde NAD"’
3-phosphate
dehydrogenase
NADH + H*
(&
C-o~
H-C-OH
H-C-o-(P)

K’S-

H
Bisphosph oglycerate/

<Y Js»i glyceraldehyde 3-hosphate |

oY) a5 1,3 —bisphosphoglycerate

| glycercldehyde 3-hosphate dehydrogenase '
‘_;oa};}d\mi‘ﬂ\ de gana e (g o Y1 108 & 3
(32T i gil) 336 aaall julds |
L3 WS 5 pgl) A€l sie NADH ) J38INAD+

S S 5% Agllall A8 <13 i ) A gana ay Y

1,3 —bisphosphoglycerate S, -
i 5dl) ol )l Jaday 5 320SY) (e Al 48Ul aladiinly
ALY e i) Sl
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- the enzyme Phosphoglycerate
- Kinase uses the energy of high-
- energy phosphate group o
~convert ADP into ATP .

‘ Phosphoglycerate Kinase s »¥¥) Js~s
Sl il de gane Al ool ATP ) ADP
ATP Cua Ge dans Allad) k) <l

Ole g3 5yl
| -Oxidative level phosphorylation
2- substrate level phosphorylation
LS giae 3 ga g 48 paa callay J5¥) g il

O sipmal) (B Sany S g 53
Gl s ¢ LS gl gl (a3 sidl)

L_,A.:; (substrate )BJ\.A\ ngm U\ Y

il g caial cilin @l |
SEglos

H-C-O
G -®
1,3-Bisphosphoglycerate
ADP .
Phospho- This extra
lycerat
gljclina‘:ee Step
"ATP happens
0 .
&-o only in red
H-C-OH (

H-G-o-@®  blood cells
H
&-Phosphoglycer&te

Substrate level
phosphorylation

435 Biochemistry Team

O M
c-o~®
H-C-OH

a2 2
Phosphoenolpyruvate
ADP
g ATP
g-8
H-C-H 2

Pyruvate
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3-phosphoglycerate Js~i
2-phosphoglycerate

Ji LS | 48l lle i sill degana 3
Jaa Y eﬁ)dﬁ)ﬂ\ﬁ)bé;\(’_ﬁmjﬁ\&cw
o o 5] Bae Lusay sy Je L)
Phosphoglycerate mutase

2-phosphoglycerate Js&
Phosphoenolpyruvate( PEP)
Enolase a»3¥! g i Laie ¢l Saay

i gana ) i sill Ao sane o ela o5
Aalle 48U cald i 68 :

+ 3ilia) e glaa *
Sl i il de gana ddad 5 & zlase Y
Adle d8Ua cd Cilin @) Ao gana o) e

o
C—O"
H-C—-OH

H-C-O-(&
H

I-Phosphoglycerate
Phasodo—
olycerale l l
muulase
O

el
H-C—

2-Phosphoglycerate

g

C-0O

c-o~®
H-C—H
Phosphoenolpyruvate
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H-C-OH
| 3 |
Kz—PhosphoglyceratJ

o~
B 2
\ Pbo.phocnolwﬂalo j
ADPF
i to‘w Bisphosphate
ATP
2o
H—%—H 2
Pyruvate
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)iochemistryTeam H-f‘;:gﬂ
H-C-O-(& 2

™
O phosphate
pl
NAD™
10th Step Substrate level =
phosphorylation g
H-C-OH
H-g-o@
1.3-Bisphosphoglycerate 2
Stiena gy
~ Phosphoenolpyruvate( PEP)dsi / Qo \ enarns “"”\H-g-g-
| | Cc-O vcerase H-G-0-(8)
| pyrUVOTe g;‘ C’O"“:> zs—mo:w.pho-'
Ao seae Sl pyruvate kinase  ml sy H-C-H = ATE T giycerate
Y ADP ity Adlal) Z8Ual) s i il) - T s
AP Phosphoenolpyruvate H-¢-O-@ S
ADP 3-Phosphoglycerate
= . i, L Fructose 1,6- ycorale
Fructose |,6-bisphosphate P’Jé’;u;’:;e o«vv bisphosphate musase 1}
~activates the enzyme pyruvate ATP e
“kinase (PK). 0 H-G-On 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, c";__o- 2 Phosphoglycerate
=0 T o

Phosphoenolpyruvate

Regulatory step \ H-C-H / o= , )

Irreversible reaction ‘ Pyruvate
7777777777777777777777777777777777777777777777777 AL b=
iz (@ BRI

ATP

2o
c=-0
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Since the conversion of Phosphoenolpyruvate (PEP)
to pyruvate is catalyzed by pyruvate kinase (PK)
There's a specific mechanism that regulates this
process known as [pyruvate kinase covalent
modification]

What happens in this process?

Glucagon binds to the receptor, then activates
“adenylyl cyclase” which will forms “c AMP" this will
activate "Active protein kinase A"

“Active protein kinase A" phosphorylate (adds @
phosphate group) to “pyruvate kinase” which results
in inactivating it!

so we will not get neither pyruvate nor the ATP
coming with it.

Now why glucagon inhibits glycolysis?

Because glycolysis is the process of breaking sugar
And when pancreas releases glycogen it means
blood sugar is low, so why break sugar when you
need it?

Pyruvate Kinase Covalent Modification

435 Biochemistry Team

Glucagon —

Adenylyl
cyclase

cAMP + PP;

1

Active protein kinase A

ATP

Pyruvate

(inactive)

4
’---

inase

e e e e e e o e

~
-

(.

Pyruvate
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- Mature RBCs lack mitochondria and are,
therefore,

completely dependent on glycolysis for ATP
production.

- ATP is required to meet the metabolic needs of
RBCs and to fuel the ion pumps necessary for the
maintenance of the flexible, biconcave shape that
allows them to squeeze through narrow

capillaries.

- The anemia observed in glycolytic enzyme
deficiencies is a consequence

of the reduced rate of glycolysis, leading to decreased
ATP production.

-The resulting alterations in the RBC membrane lead
to changes in cell shape and, ultimately, to
Phagocytosis, this hemolytic anemia caused by
deficiency of pyruvate kinase can be seen in three
different scenarios illustrated in the diagram -

435 Biochemistry Team

Glucose 6-P ~_ Glucose

A

g{ The enzyme may show
an abnormal response to
the activator fructose
1,6-bisphosphate.

The enzyme may show
an abnormal K,,, or V.,
for substrates or

coenzymes.

2-Phosphoglycerate
> 1
"PhosphoenolpyrL

ADP
Pyruvate

H €A . Fructose 1.,6-
kinase bisphosphate

ATP

Pyruvate
1

Lactate

Enyme activity or
stability may be altered,

or the amount of enzyme
may be decreased.
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ATP on aerobic

glycolysis
[
| |
| )
Investment Generation
(first five steps) (last five steps)
| |
a 2 \‘
) N
| substrate level Oxidation
-2 ATP phosphorylation phosphorylation
A 4 ATP 6 ATP
| y,
The (-) sign
Means
consumed

Net =4 ATP -2 ATP + 6 ATP =8 ATP

435 Biochemistry Team




@%iochemistry%a?ﬁ “Idens

v" Glycolysis in general:
http://highered.mheducation.com/sites/0072507470/student_viewO/chapter25/animation___how_glycolysis_w
orks.html

v" Glycolysis reactions:

https://www.youtube.com/watch?v=hDq | rhUkV-g

v" Pyruvate Kinase Deficiency:

https://www.youtube.com/watch?v=sEoRtGtI-tU

435 Biochemistry Team



http://highered.mheducation.com/sites/0072507470/student_view0/chapter25/animation__how_glycolysis_works.html
https://www.youtube.com/watch?v=hDq1rhUkV-g
https://www.youtube.com/watch?v=sEoRtGtT-tU

é@iochemistry%a?ﬂ M c

| -Glycolysis occurs in : : L .
A. Mitochondria 5-Major oxidative pathway of glucose is:

B. Ribosomes A. Gluconeogenesis

C. Cytosol B. Glycolysis
C. Krebs Cycle

2-Breakdown of glucose to pyruvate and

lactate is known as: 6-During aerobic glycolysis, energy yield from each
A. Glycogenosis molecule of glucose is:
B. Lipolysis A. 2 ATP
C. Glycolysis B. 30 ATP
C. 8 ATP
3- The net gain of ATP in conversion of
glucose to pyruvate is: 7-The reaction catalyzed by the following enzyme is freely
A. 6 reversible:
B. 8 A. Hexokinase
C. 12 B. Phosphohexose isomerase
C. PFK-1
4-End product of aerobic glycolysis is :
A. Acetylco A
B. Pyruvate

C. Lactate
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| 1- In glycolytic steps 1&3 what is the source of the

8-Glycolysis is always anaerobic in : phosphate groups that are added to glucose & fructose 6-
A. Erythrocytes phosphate respectively ?

B. Kidney a) ATP, AMP.

C. Liver b) GTP, GDP .

c) In both cases the source is ATP.
9-Phosphofructokinase is aIIostericaIIy inhibited d) INn both cases the source is GTP

by:

A. fructosel,6 bisphosphate |2-In step 4 of glycolysis, why is dihydroxyacetone
B. Lactate phosphate (DHAP) immediately converted into
C. Cifrate

glyceraldehyde 3-phosphate (GAP) by the enzyme
triosphophate isomerase (TIM)?

a) To prevent DHAP inhibifion to glycolysis.

, b) Only GAP continues in glycolytic pathway so
sine)p 1 el DHAP is converted into GAP.

a) Phosphoglucose isomerase. ;
c) DHAP fully convert glucose into pyruvate.
b} Phosphoglycerate mutase. d) DHAP is toxic to the cell.

c) Pyruvate kinase.
d) Hexokinase & glucokinase.

|0-What is the name of the enzyme that catalyzes
the phosphorylation of a glucose molecule in the first

435 Biochgmistry Team
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| 3-Active protein kinase A is activated by:

A GTP | 6-One of these pathways (produces) glucose:
B. GDP A. Krebs cycle
C. cATP B. Glycogenesis
D. cCAMP C. Glycogenolysis
D. HMP/PPP

| 4-Hemolytic anemia is caused by:
A. Phagocytosis of RBC

B. Alternation in RBC shape A. HMP/PPP

C. Decreased ATP production B. Glycogenesis

D. Allabove C. Krebs cycle
D. Gluconeogenesis

| 7-Synthesis of glycogen from glucose is:

| 5-A substrate linked phosphorylation is

catalyzed by:
A.Hexokinase

| 8-Glucose transporter present in the adipose tissue and
skeletal muscle:

B.Phosphofructokinase-1 A. GLUT-3
C.Phosphoglycerate kinase B. GLUT-4
C. GLUT-5
D. GLUT-7

435 Biochemistry Team
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