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Biochemistry II Dr. Mohammed Eleyan

Chapter |

Introduction_
Jpasuius We 450 gind gis g0 Oliwsall Jay aeay Kinase |

I- Enzymology: ADP +Pi s> ATP
euiil dawlogre GTP @Sl SLSye o 35l gob pasuiws o Sesg
GDP+ Pi__J! 4Jg>s Kinase

Enzyme terminology:

* (Kinase = Phosphate transfer sl bsle JI iUl Slhwsdll Blo] en deo

phosphatase |l @ 3! sg>gs

* Phosphatase = Remove phosphate from a substrate
Substrate-Phosphate — Substrate + Phosphatg

* Dehydrogenase = Add or remove hydrogen molecules from a compound

* Hydroxylase = Add hydroxyl group to a substrate 07—{

+ Carboxylase = Transfer COOH group CO2 s Je LwSonSll degasa Jai e asy

Mutase = Relocate a side group in the same substrate

Synthase/synthetase = Synthesize a product from different substrates

Maximum velocity (Vmax)

Def: the point where any further increase in the amount of substrate causes no increase in
the velocity of the reaction (Fig.1: A). ¢l Uy Substrate s.>g 85 il NGl
Jeladl deyw Je oy ¥ asdl e Babs)

Michaelis constant Km

e Def: It is substrate concentration that produces half maximum velocity (Fig.1: B).
e K, reflects the affinity of the enzyme for the substrate.

e K is used to compare the affinity of different enzymes to the same substance.
( <' o€ H
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At high concentrations

of substrate ([S] >= K,,,),
the velocity of the reaction
is zero order. That is, it is
constant and independent
of substrate concentration.

Vmax

N e e e e e T

Reaction velocity (vo)
NE:

Vmax

N

Large Kn of enzyme 2
reflects a low affinity
of enzyme for the
substrate.

Reaction velocity (vo)

1 L L L 1

[Substrate]

Small Ky, for enzyme 1
reflects a high affinity
of enzyme for the

substrate. B

At low concentrations of
substrate ([S] << K,;;), the
velocity of the reaction is
first order. That is, it is
proportional to substrate
concentration.

Fig.1: A. Maximum velocity & Michaelis constant; B. Vmax & Km vs affinity

affinity Il Km o d8Vsll

dwSce

Example Hexokinase and glucokinase

Affinity a 1/km

e  Low km & Vmay reflects a high affinity of the enzyme for substrate i.e. low of
concentration of substrate is needed to half saturate the enzyme.
e High km & Vmax reflects a low affinity to the enzyme for substrate 1.e. high

concentration of substrate is needed to half saturate the enzyme.
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I1- Transport Across a Cell Membrane
1. Passive transport:

e The movement of substances across a cell membrane without the input of energy,

from an area of higher concentration to an area of lower concentration.

2. Active transport:

e The movement of substances across a cell membrane against their concentration
gradient, from an areca of lower concentration to an area of higher concentration.
This process requires the input of energy, usually in the form of ATP.

» Secondary active transport: The transport of an ion (glucose) in the

direction of its increasing electrochemical gradient coupled to the
facilitated diffusion of a second ion (Na") in the direction of its decreasing

electrochemical gradient (Fig.2).

Active Transport Passive Transport
Movement against the Simple Diffusion Facilitated Diffusion
concentration gradient . .
using energy (ATP) Movement along the concentration hlqh concentratlon
. gradient without energy —
low concentration JMolecules.

inside
call

high concentration [ ~ “e®®

| Secondary

' Active Transport !! i

Fig.2: Transport Across a Cell Membrane
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Enzymology Question

1. Which of the following correctly

describes the action of a kinase?
A. Removal of a phosphate group from a
substrate
B. Transfer of a phosphate group
C. Transfer of a carboxyl group
D. Relocation of a side group within the
same substrate

2.An enzyme that removes a

phosphate group from a substrate is
classified as a:
A. Kinase
B. Phosphatase
C. Hydroxylase
D. Carboxylase

3. Which of the following enzyme—function

combinations is CORRECT?
A. Dehydrogenase — transfers a COOH
group
B. Hydroxylase — removes phosphate from
a substrate

C. Dehydrogenase — adds or removes

hydrogen molecules from a compound
D. Mutase — synthesizes a product from

different substrates

4, An enzyme catalyzes the addition of a hydroxyl

group to a substrate. This enzyme is most likely a:
A. Hydroxylase
B. Phosphatase
C. Carboxylase
D. Synthetase



0. Which of the following statements regarding

enzyme terminology is CORRECT?

A. Carboxylase transfers a COOH group
B. Mutase removes a phosphate group
C. Phosphatase transfers a phosphate group
D. Hydroxylase transfers hydrogen molecules
only

0. An enzyme relocates a side group from one position

to another within the same substrate. This enzyme is
classified as a:
A. Synthase
B. Mutase
C. Dehydrogenase
D. Kinase

/. Synthase and synthetase are enzymes that

primarily:
A. Remove phosphate groups from substrates
B. Transfer hydrogen molecules
C. Synthesize a product from different substrates
D. Relocate a side group within the same substrate

Vmax, Km and Enzyme Affinity

8. Maximum velocity (Vmax) is best defined as:

A. The substrate concentration that produces
half-maximal velocity
B. The velocity measured in the absence of
substrate
C. The point beyond which increasing substrate
concentration causes no further increase in
reaction velocity
D. The minimum velocity required for enzyme
activation



9. The Michaelis constant (Km) represents:

A. The enzyme concentration required to reach Vmax
B. The substrate concentration that produces half of
Vmax
C. The maximum amount of substrate metabolized
D. The amount of ATP required for the reaction

10. Km is particularly useful for comparing:

A. The energy requirements of different transport
systems

B. The affinity of different enzymes for the same
substrate

C. The number of products formed by different
enzymes

D. The ATP concentration inside and outside the

cell

11. Enzyme A has a Km of 2 mmol/L, whereas

enzyme B has a Km of 8 mmol/L for the same
substrate. Which statement is CORRECT?

A. Enzyme B has a higher affinity for the substrate
B. Enzyme A has a higher affinity for the substrate
C. Both enzymes have the same affinity
D. Affinity cannot be compared using Km

12. Which of the following relationships

between Km and enzyme affinity is CORRECT?
A. Affinity is directly proportional to Km
B. Affinity is inversely proportional to Km
C. Affinity is equal to Vmax
D. Affinity is independent of Km



13. A small Km indicates that:

A. A high substrate concentration is required to
reach half of Vmax
B. The enzyme has a low affinity for its substrate
C. A low substrate concentration is sufficient to
reach half of Vmax
D. The enzyme cannot reach Vmax

Transport Across a Cell Membrane

14. Which of the following best describes passive

transport?
A. Movement from lower to higher concentration with
ATP consumption
B. Movement against the concentration gradient without
energy
C. Movement from higher to lower concentration
without energy input

D. Movement that always requires a carrier protein and
ATP

15. Which of the following is characteristic of active

transport?
A. It occurs only from higher to lower concentration
B. It does not require energy
C. It moves substances against their concentration
gradient
D. It occurs only through simple diffusion



10. A molecule moves from an area of high

concentration to an area of low concentration through
a carrier protein without ATP consumption. This
process is classified as:
A. Primary active transport
B. Secondary active transport
C. Facilitated diffusion
D. Simple diffusion

17. Which of the following transport mechanisms

directly uses ATP, as illustrated in the slide?
A. Simple diffusion
B. Facilitated diffusion
C. Primary active transport
D. Passive transport

18. Secondary active transport is best described as:

A. The direct use of ATP to transport two substances
down their gradients
B. The movement of a substance against its
electrochemical gradient coupled to the movement of
another ion down its electrochemical gradient
C. The movement of two substances by simple diffusior
D. The transport of glucose without the involvement of
another ion

Answers Lets GO &



Answer Key

1.B B T.B 16.C
0.B 7.C 2B 17.C
3.C 3.C 13.C  18.B

4.A 9.B 14.C
5.A 10.B 16.C
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Introduction:

* The end products of carbohydrate digestion are monosaccharides:

glucose, galactose and fructose.

* They are absorbed from the jejunum to portal veins to the liver, where

fructose and galactose are transformed 1nto glucose.

* Two mechanisms are responsible for absorption of monosaccharides:

active transport and passive transport

OMELEVN




Glycolysis (Embden Meyerhof Pathway)

 Definition: Breakdown of glucose:

4 2 & ‘ Py
SO ERIT R (s 3>
1. Into 2 molecules of pyruvate aerobically (in the presence Oz and |actat pyruv ate
mitochondria) OR X . X
< Le J > u-g S8=9 J > g:g

2. Into 2 molecules of lactate anaerobically (in the lack of Oz or absence of LU"‘“SS""L“” L‘J'\’S .9"“"'“”

mit&hondria). L’y" J“A U‘o““s p '9 d“’“"s '9
RBCS

e Site: Essentialliall cells carry out glycolysis in the cytosol.

& Livsdl
LAl guns geuns
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The Overall Pathway of Glycolysis

* Glycolysis 1s divided into two phases.

l.

Al ¥ '

The first phase converts glucose to two glyceraldehyde- B

Fructose

3- phosphates and is the energy requiring phaseds b tLoud ———

omgﬂydﬂ Aehyi\ia# O 32
‘ab‘ﬁbﬂtg,‘z’ ‘59‘55”12/‘2'

Glyceraldehyde 3-phosphate Glyceraldehyde 3-phosphate

The second phase conversion of two molecules of

glyceraldehyde-3-phosphate 1nto pyruvate (aerobic

glycolysis) or lactate (anaerobic glycolysis) and 1s the ... -
energy producing phase. 4_§ Lb E K 2 ADF 2 ADP
- * 2ATP 2 ATP

QOQ

MLEYAJN Pyruvate Pyruvate



CHO CHO . 9
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| |
OH = C — HYlucokinase OH — C — H

hexokinase |
H-C — OHg=——>H - C — OH
|ATP __ADP |
H—=C = OH H-C— OH

I / =
CH,OH CH, — 0

glucose glucose _0_phosphate
glycolysis I ddac
Olawes wawss hexokinase ! g »gds
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CHOML‘” 8 ooz CH,OH ALHH] OSM'CHZO_P

H— C — OH C=0 C=0
| |
OH-C-H HO—C—I-: HO—C—H
| phosphohexose phosphofructo |
H—-C— OH 'Sﬂ%H_C_OH kiﬁseH—c—OH
| ATP _AD |
H—C— OH H—C—OH H—C—OH

CH, —0-—-P CH,—0—P CH,—O-

P

fructose 1,6 bis phosphate

glucose _b_phosphate Fryctose-6-phosphate
syl 1 D5t

CHO Triose

| .phosphate CH,OH

bolasdl gala H — C — OH 'somerase |

degamal g i |< C=0

ol ylac OH CH,—0—-P |

dcgamo lle  Glyceraldehyde-3-phosphate  CH,—0—P

4ol Olawgs Dihydroxyacetone

i3 yeSLs phosphate
Ll jucle

phase 11 g5l 13



. Notes
ATP auoi o phase 2 s

aTp 1.zbew JUle
PiZ.
High energy bond3.

high energy bond !
hydrolysis lgllasy W alyl .o

three energy .l

more than /.3kcal/mol
example
enol phosph\?’te bond

C=C-0-=P <')
carboxyl phosphate bond
0=C-CP 4\)
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CHO COO—-P

GcheIraIdehyde-S-phosphate ‘

dehydrogenase H_C_OH
H-—C— OH H3P04

| NAD+_NADH+H ‘
CH,—O0—P
CH,—0—P i
Glyceraldehyde-3-phosphate 1,3-Bisphosphoglycerate

ADP+Pi__ATP
phosphoglycerat Zi
Kinase X

COOH COOH COOH
| Enolase Rhosphoglycomutase |

C-O_P é H—C—OP & H—C—OT
|

|
CH, CH,—OH CH,—0—P

phosphoenol )phosphoglycerate  3phosphoglycerate
pyruvate
COOH
Pyruvate °P ):Pi __ATP ‘ syruvate
Kinase L% C=(‘)(A.!,wi9.’;¢5 i)
CH,

:L\.gcdléi,gtg.dlgédﬁdbmjsw&oci&alaﬁl
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Glycogen

'

Glucose-1 -phosphate

Hexokinase,
glucokinase Phosphohexose P hospholructoldnase _ ('3H20®
HC=0 HC=0 lsomerase CHon CH.OFP C=0
-OH ATR, ADP  HC-OH ADP --
HC-OH ATHyg CH,OH
HO-CH —ap HO- (.3H HO- (|:H Dihydroxyacetone
|

CpEEEE——
HC-OH HC-OH HC-OH phosphate
' HC-OH Hc';-OH ' poes
HC-Ol H.PO , H,PO, HC-OH phosphate
CH,OH "WT CH2°® Fructose CH20® merase
I o blsphosphatase

6-phosj CHZO
Glucose hhosphate Fructose-6-phosphate Fructose 1,6-bisphosphate HC OH
=0
DQﬂ\ HC
Glyceraldehyde-
3-phosphate
2 x 3 carbon sugar molecules per glucose HaPO,4 NAD*

Glyceraldehyde-

3-phosphate
dehydrogenase NADH
m Phosphoglyceromutase Phosphoglycerate
" QH CH2 O @ kinase CHzo
COOH COOH
ATP ADP COO
Pyruvate Phosphoenolpyruvate 2-Phosphoglycerate 3-Phosphoglycerate Bisphosphoglycerate
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1. What are the final products of carbohydrate

digestion?

A. Amino acids, glucose, and fatty acids
B. Glucose, galactose, and fructose

C. Glucose, glycogen, and lactate

D. Fructose, pyruvate, and acetyl-CoA

2. Monosaccharides are mainly absorbed

from the:

A. Stomach

B. Duodenum

C. Jejunum

D. Colon

3. After absorption, monosaccharides are

transported to the liver through the:

A. Hepatic artery

B. Portal veins

C. Inferior vena cava

D. Lymphatic vessels

4, In the liver, fructose and galactose are

mainly transformed into:
A. Glycogen

B. Lactate

C. Glucose

D. Pyruvate



0. Which two mechanisms are responsible for the

absorption of monosaccharides?

A. Endocytosis and exocytosis

B. Active transport and passive transport
C. Filtration and osmosis

D. Pinocytosis and diffusion only

0. Which of the following represents a major

oxidation pathway of glucose?

A. Lipogenesis

B. Glycogenesis

C. Glycolysis

D. Protein synthesis

/. Which of the following is considered a minor

oxidation pathway of glucose?
A. Glycogenesis

B. Pentose phosphate pathway
C. Lipogenesis

D. Glycogenolysis

8. Which pair represents the minor oxidation

pathways of glucose mentioned in the slides?
A. Glycolysis and glycogenesis

B. Pentose phosphate pathway and uronic acid
pathway

b C. Lipogenesis and glycogenolysis

D. Glycogenesis and gluconeogenesis uronic acid
pathway



9. Glucose is stored mainly through:

A. Glycolysis
B. Lipogenesis
C. Glycogenesis
D. Proteolysis

& ’\ 10. Glycogenesis mainly occurs in the:

A. Brain and kidneys

B. Liver and muscles

C. Intestine and stomach
D. Lungs and heart

11. Conversion of glucose into lipids is called:

A. Glycogenesis
B. Lipogenesis
C. Glycolysis

D. Glycogenolysis

12. Glycolysis is best defined as the breakdown of glucose

into:

A. One molecule of pyruvate only

B. Two molecules of pyruvate aerobically or two molecules
of lactate anaerobically

C. Acetyl-CoA only

D. Glycogen and fatty acids

|



13. Aerobic glycolysis produces:

A. Two molecules of lactate
B. Two molecules of pyruvate
C. One molecule of glucose
D. Two molecules of glycogen

14. Anaerobic glycolysis produces:

A. Two molecules of acetyl-CoA
B. Two molecules of pyruvate
C. Two molecules of lactate

D. One molecule of citrate

15. Glycolysis occurs mainly in the:

A. Mitochondrial matrix
B. Nucleus

C. Cytosol

D. Lysosome

16. Which cell type depends on anaerobic

glycolysis because it lacks mitochondria?
A. Hepatocyte

B. Red blood caell

C. Skeletal muscle cell

D. Cardiac muscle cell

17. Glycolysis is divided into:

A. O'e phase

B. Two phases®
C. Three ph'ases
D. Four phases



18. During the first phase of glycolysis, glucose

is converted into:

A. Two molecules of pyruvate

B. Two molecules of lactate

C. Two molecules of

< glyceraldehyde-3-phosphate

= D. Two molecules of acetyl-CoA
’\ Answer: C. Two molecules of
glyceraldehyde-3-phosphate

19. The first phase of glycolysis is known as

the:

A. Energy-producing phase

B. Energy-requiring phase

C. Oxidative phosphorylation phase

D. Lactate-producing phase

Answer: B. Energy-requiring phase

20. Which sequence correctly represents part of

the glycolytic pathway?
A. Glucose — Fructose-1,6-bisphosphate —

Glucose-6-phosphate — Pyruvate

B. Glucose — Glucose-6-phosphate —
Fructose-0-phosphate —
Fructose-1,0-bisphosphate

C. Glucose — Pyruvate —
Glyceraldehyde-3-phosphate —gkactate
D. Glucose — Glycogeng—
Fructose-0-phosphate — Pyruvate




answers keys

1. B 1.8
=3
12.B 2.C
<= 4
13.B 3B
14.C 4.C
15.C 0.B
16.B 0.C
17.B /.B
7= 3B
' 0.C
19.B 10.B
20.B 2
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Enzymes

Eduard Buchner in 1897

1 2 3
Cell-free yeast extracts Fermentation was The name "enzymes" was
could ferment sugar to promoted by molecules given to these molecules
alcohol that functioned outside
cells

The term "enzyme" comes from the Greek words en (meaning "in") and zyme (meaning "yeast"). It
reflects their role in fermentation.
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Enzymes are Biological
Catalysts

Enzymes accelerate  chemical
reactions _in__living = organisms
without being consumed in the
process. They are essential for life
because they enable metgbolic
reactions _to.soccur at

compatible with cellular needs

Function Under Mild
Conditions

Operate efficiently in aqueous
solutions at physiological pH and
temperature.

Example: Trypsin functions
optimally at pH 8.

Enzymes

Highly Specialized RNA or
Proteins
Most enzymes are proteins, but

some are RNA molecules (e.g.,
ribozymes). Their three-

dimensional structures are highly
specialized

to perform specific

functions.

Extraordinary Catalytic
Power

Increase reaction rates

Example:  Carbonic  anhydrase
hydrates CO, 107 times faster than
the uncatalyzed reaction.

High Degree of Specificity

Enzymes bind specific substrates
via precise molecular interactions.

Example: Lactase hydrolyzes
lactose but not other disaccharides

Unique Properties Compared to Non-Biological Catalysts

Non-biological catalysts often require extreme conditions (e.g.,

high temperature, pressure).

MoOHAMMED ELEYAN
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Ribozymes

* Ribozymes (ribonucleic acid enzymes) are RNA molecules that have the ability to catalyze specific

biochemical reactions. 6 OCH:Oenzyme
adenosine \y, o ron 1 4
—_— ¢ 1) I N
ANA ) NTON /\/N\/N\A 4wl ribozyme JI
ibozyme —— —— methyltransferase)

Jai Lle 3yaa)l o (Ribozyme

Methyltransferase Ribozyme (MTR1): is a ribozyme catalyzes I s me'\‘hyl group

methyl transfer to generate 1-methyladenosine (m1A). lig) é-é' yall Coenzyme
T

substrate JI e @siidl

product JI yesid
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Some Enzymes Need Other Chemical Groups

Not all enzymes are fully
functional on their own.
Many require additional Inorganic cofactor Active site
molecules to catalyze
reactions effectively.

1 Cofactors 2  Coenzymes

MoHAMMED ELEYAN
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Some Enzymes Need Other Chemical Groups

Cofactors:
Inorganic ions (e.g., Mg**, Zn**, Fe?*/Fe®*) that assist in
catalysis.

Example; Wdrase requires Zn** for activity. His

HB

N H

_ Ligand
Cofactor >
@ HN N Zn O

/ Binding site

92 g3l (pa o3
sag active side !

Active
Protein

Inactive
Protein

without the cofactor attached, Cofactor binding am\no QC\d rES\dueS
the protein is not active. activates the protein. )
.6’.
Figure 4.1 Cofactor binding QLL’ ' J.G

MoHAMMED ELEYAN




Some Enzymes Need Other Chemical Groups

Table 6-1 Some Inorganic Ions That Serve as

Cofactors for Enzymes

‘.@.B.éb- Ions Enzymes

Cu** Cytochrome oxidase
S Q&R QSJ Fe’" or Fe’™ | Cytochrome oxidase, catalase, peroxidase

A !9* AT ‘.@J' K* Pyruvate kinase

Mg?* Hexokinase, glucose 6-phosphatase, pyruvate
cofactors kinase

Mn?* Arginase, ribonucleotide reductase

Mo Dinitrogenase

Ni** Urease

Zn** Carbonic anhydrase, alcohol dehydrogenase,

carboxypeptidases A and B

MoHAMMED ELEYAN



Some Enzymes Need Other Chemical Groups :’ ~
metalloorganic

Coenzymes:

Organic or metalloorganic molecules that often act as carriers o(gan'\c e ‘6)[& Y-S
of specific functional groups (e.g., electrons, acyl groups). ’

Example: NAD" (nicotinamide adenine dinucleotide) is a -
ple: NAD* (nicotinamic s e 2 buise part
coenzyme involved in redox reactions Q

(JI sasly BawsSyl oalela|  INOYgaANIc part

Substrate

Coenzyme
+ Y
Apoenzyme Cofactor Holoenzyme
(protein (nonprotein (whole
portion), portion), enzyme),
inactive activator active
Q3 o
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Some Enzymes Need Other Chemical Groups

Table 6-2 Some Coenzymes That Serve as Transient Carriers of
Specific Atoms or Functional Groups

Examples of chemical Dietary precursor in
Coenzyme groups transferred mammals
Biocytin CO, Biotin (vitamin B,)

Coenzyme A

Acyl groups

Pantothenic acid (vitamin
BS5) and other compounds

5'-Deoxyadenosylcobalamin (coenzyme B,,)

H atoms and alkyl groups

Vitamin B,

Flavin adenine dinucleotide

Electrons

Riboflavin (vitamin B,)

Lipoate

Electrons and acyl groups

Not required in diet

Nicotinamide adenine dinucleotide

Hydride ion (:H")

Nicotinic acid (niacin,
vitamin B;)

Pyridoxal phosphate

Amino groups

Pyridoxine (vitamin By)

Tetrahydrofolate

One-carbon groups

Folate (vitamin B,)

Thiamine pyrophosphate

Aldehydes

Thiamine (vitamin B,)
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Some Enzymes Need Other Chemical Groups
¢ MoV

£

Table 6-2 Some Coenzymes That Serve as Transient Carriers of

Specific Atoms or Functional Groups
Examples of chemical Dietary precursor in

Coenzyme groups transferred mammals
| Biocytin Co, Biotin (vitamin B,)
Coenzyme A Acyl groups Pantothenic acid (vitamin
‘ B3) and other compounds
|
5"-Deoxyadenosylcobalamin (coenzyme B,,) H atoms and alkyl groups | Vitamin B,,
Flavin adenine dinucleotide Electrons Riboflavin (vitamin B,)
\
| Lipoate Electrons and acyl groups | Not required in diet
Nicotinamide adenine dinucleotide Hydride ion (:H") Nicotinic acid (niacin,
vitamin B;)
Pyridoxal phosphate Amino groups Pyridoxine (vitamin By)
Tetrahydrofolate One-carbon groups Folate (vitamin B,)
Thiamine pyrophosphate Aldehydes Thiamine (vitamin B,)

MOHAMMED ELEYAN

dylke Coenzyme o degaswo S Gl Oyl pgall
ol organic L! molecul JI s3» molecules ;<
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Dietary precursor ;. 35Le gag source



Coenzymes are further divided into two types

Prosthetic group: coenzyme that is tightly (or even covalently and, therefor: permanently) bound to the
enzyme.

Cosubstrates are transiently bound to the protein. Cosubstrates may be released from a protein at some point,
and then rebind later.

Coenzymes

Both prosthetic groups and cosubstrates have
the same function, which is to facilitate the
reaction of enzymes and proteins.

‘ ‘: oo! ' ' . - Tightly bound cofactor
ot e 9 (low K_) = prosthetic group

(Transient binding) (Permanent binding)

Cofactor
(required for activity)
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Key Differences Between Prosthetic Groups and Cosubstrate

Feature Prosthetic Group Cosubstrate
Binding Tightly bound (often covalent) Loosely bound (non-covalent)
Release Remains attached to the enzyme  Released and regenerated
Function Permanent part of the enzyme Acts as a carrier or shuttle
Examples  Heme, FAD, biotin NAD®, CoA, ATP
Active site
Cosubstrates
e.g., NAD
Prosthetic group Activ: 5ité detach m ent

(perm. attached)

Enzyme

! - . ! . 9 . "
Cosubstrates oqga o e
(detaches) E—V’ ‘3 bu:-’y

Prosthetic Groups

e.g., FAD Enzyme J:. LIl s
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Holoenzyme vs. Apoenzyme

Apoenzyme: The protein part of the enzyme, inactive without its cofactor/coenzyme.

Holoenzyme: The active enzyme complex (apoenzyme + cofactor/coenzyme).

Example: Pyruvate dehydrogenase is a holoenzyme requiring thiamine pyrophosphate (TPP) as a coenzyme.

enzymes ol oy eci> ggioniy RNA i bidd suxgl

Active site

: norganic cofactor
zl>w Coenzyme gl cofactor (

Enzyme Type Requires Cofactor? Term to Use Coenzyme
(organic

Enzyme without cofactor No Enzyme (e.g., lysozyme) cofactor)

Enzyme with cofactor (inactive without it}  Yes Apoenzyme (inactive form)

Enzyme with cofactor (active with it) Yes Holoenzyme (active form)

Apoenzyme (protein)

\ J
Y

Holoenzyme

enzymes zlss cofactor of

Coenzyme
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Active Site and Substrate

1. Active Site:

A specialized region of the enzyme where the substrate binds and the reaction occurs.
Provides a unique microenvironment (e.g., specific pH, charge distribution) to accelerate the reaction.
Contains catalytic residues that participate directly in the reaction.

Example: Chymotrypsin catalytic triad (Ser195, His57, Asp102).

WU dmiall 5 sl

MoHAMMED ELEYAN



3l o ddbis & Active side !
Jelad! U5l Substrate I g buis
s8os Active side I Slio 4o

( dwsla Bg3) microenvironment
Wis y8g3  Jeladl &gasd substrate |
boyd + Olhladl o Jelad) cwslio pH
Jeladl Sasy  JWULo substrate I ass
sle goiw Active side I Lauls
amino J! s catalytic residues
J>a5 Al dagall acids residues
chymotrypsin o Jeladl 8 3ydbe
serine 195 , histidine _Jlc S 9o
Sasu leaicg 57, AsparatelO2

JI sy snie 39> gl gsd! folding
Jlo (A6 Jsu) tertiary structure

JI yssu( 0s5) globular structure
Active side

©
P o



Active Site and Substrate

2. Substrate
The specific molecule that binds to the active site and is transformed into the product(s).
Binding is highly specific due to complementary shape and chemical properties.

p . Example: Glucose is the substrate for hexokinase.
+J| U JIS""’ L8R d"m Binding groove and active site of lysozyme

W k.b'é . C)-"‘"Q View 1 View 2

Lysozyme has negatively charged residues in its
active site that bind to the positively charged
regions of its polysaccharide substrate. g okt

Substrate JI a0 buiy I delazdl 3sWII 9o Active si e

J Jell @ssisproduct .
active side ! o substrate ;o blsyl

5, ' bmdlng pocket

s complementary shape —..s high specific ;s

chemical properties |!



Cellular distribution of enzymes

pud I8 e Jlall Jdosel

—glucokinase Jals Jasiy ged Olail e dyle

{\ _ Intracellular enzymes: Produced and act inside the cells e.g' mnesd| Labdlllver

Extracellular enzymes: Produced inside the cells and act outside

q ) the cells e.g. digestive enzymes
carbohydrate Slacdlly Olbgsd! o
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Enzyme specificity

* Enzyme specificity refers to the ability of an enzyme to selectively recognize and catalyze a particular substrate or a

group of substrates. There are several types of enzyme specificity, each describing a different level or type of

selectivity &J‘,, o ! !s o ; p—’.)—‘?“ 3_3.L§
* Optical (stereo) specificity el sall | PR | B . " . .
4 ol cusall duo g3l Ve Lo e Wl

* Group specificity de gaswall duo g0
* Absolute specificity dallaall duo guasd!

a2 ( substrate )
. Dgasg Jeladl

* Relative specificity Aot A quOS>

» Reaction specificity leladl duwo g5

Dual specificity 99330 4o 90>
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Optical (stereo) specificity

COO

Coenzyme 'Q:

FAD FADH, l
H COOH COOH
| | o ot — C — OH

|
> R—C

H,N —C—COOH > R—C\\ N
! LAAO NH 0
a-imino acid a-keto acid ‘

[L-amino acid

201 o bidd ssly e Jadac CH3
L o D Ll isomers - Enzymes act on one of 2 isomers D z 5. . f

* L-amino acid oxidase acts only on L-amino acids, not D-amino acids. e

* D-lactate dehydrogenase acts only onD=lactate, not L-lactate.
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Group specificity

Hexokinase
NH, NH,
o o o N %NS o o N
<N P, ~N
] | 1 /4 N [ [ /4
OH “0—P—0—P—0—P—0 < . O OH “0—P—0—P-0 < 1 J
1l I} Il N N 1l 1] N N
o o] 0] o] 0 o o ] o]
OH + - . OH +
HO OH HO OH
OH OH OH OH OH OH
a-D-Glucose ATP a-D-Glucose-6-phosphate ADP
O (8] O (0] O 0 O
H
e 1 I | 1 | 1 | s
/T‘—L‘H_,—C—N—L‘.H—C IT'—L‘H—C—:\'—CH—C—_\I—L’H—C - —CHE—C—N—CH—C—N—CH:—C\
H g H (CHy, § H CH, H CH, H (CH,), H {|_*H.‘. H 0
NH;,- OH NH CcoO0

H,N=C—NH,

FIGURE 15.1 A typical amino acid sequence. The enzyme trypsin catalyzes the
hydrolysis of this chain only at the points marked with an arrow (the carboxyl
side of lysine and arginine).

The enzyme acts on a specific functional group or chemical bond within a group of structurally related substrates.

* Example:
. Hexokinase phosphorylates hexose sugars (e.g., glucose, fructose) at the 6t carbon.
Trypsin cleaves peptide bonds on the carboxyl side of basic amino acids (lysine and arginine).
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bgoyis & Trypsin I
ghiy &l Jio dume
carboxyl &> 4o
basic amino ! side
o lysine L acid

arginine !

ol glucose guic clgus
hexokinase ! .l fructose
e phosphorylation aas
3g>¢) 1 8y position
specific function )
group( hydroxyl group
dcgammos 35U hexokinase ||
ATP ! o Olawgs

0 pdy dgsssS e lgaudus
hexokinase || 4l byiy
hydroxyl group _le ¢giou
0 by digsS e

Trypsin Oldgsd le Jaida
Jo=s hydrolysis dalul
dyly Sle Jazay trypsin G
(chemical bond ) 4.sa
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Urea

One enzyme acts only on one substrate e.g. urease enzyme acts only on urea.

MoOHAMMED ELEYAN



NAD* NADH + H*

\

(o 4 gasna

CHy~CH,—OH “{_J’> CH3-C=0

Ethanol ==z Acetaldehyde metharIOI \%

Relative specificity

Acts on a range of related substrates.

Example: Alcohol dehydrogenase oxidizes various alcohols.
Carboxypeptidase cleaves amino acids from the C-terminus of various peptides.

IiI F h:;'.uhoi
H—C—OH ehydrogenase
H NAD* NADH +

site where carboxypeptidase cleaves

0O O O
[ | I

7 SUbStrateJ | st i e’ o

| |
R R R

MoOHAMMED ELEYAN
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Reaction specificity

T . ‘o o o m&""’
delazall skl BTrr l Oxidaso I :
R—C—COOH » R C COOHMH + NH.,
£ . " £ .
go &SI 1A ol Say NH., :
Amino acid Lé“Koto ncid

oS OMelad! e el . degazo ¢ 3
& : Das;::l_rbh?xylase &

‘Q_,_)_,| d Jeles IS R—f.ID——CDC)H = R s R_?HE + COo JwS gu58

NH. N
dDL)- Amino acid Amine

eThe same substrate can undergo different types of reactions, each catalyzed by a separate enzyme and this is referred to as

reaction specificity.

e An amino acid can undergo transamination, oxidative deamination, decarboxylation etc. The enzymes are different for each

of these reactions.
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Dual specificity

C H2 w— I
’ | . NAD* NADH+H* [ CH, —CO0 ] co. CH, —CO0"
— L, w— _: i - 2
| ;_A, H —CI; -— 00 % ClH.\
HO —C —CO0" | | <
I | O=C—C00- | H* O=C—CO0r
H
Isocitrate Oxalosuccinate a-Ketoglutarate

One enzyme acts on 2 different substrates e.g(isocitrate dehydrogenase enzyme acts on isocitrate and oxalosuccinate.

~
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Zymogens

Zymogens (or proenzymes) are inactive precursors of enzymes.

They are synthesized in an inactive form to prevent unwanted enzymatic activity within the

cell or during secretion.

Activation of zymogens occurs through proteolytic cleavage or changing the configuration,

where a portion of the polypeptide chain is removed to expose the active site.

Inactive 2 Iiegen ACTIVEe Crzvime; PUgtsn
pepsinagen

Adtive
site

Masking
seguenoe

Mo@mﬁg"&{.‘:vfuw' “é t‘)‘yj'



ol active J! Wiy oy Ol S o

substrate ! e Joiicy fued b sy Jxa
?7?7? dyisle

sle o Slapdl e suS ci> ¥ Y Olgadl

= Zymogens Or proenzyme g
imwojw&c&wp;yﬂldluw
5852 substrateJl 48 buiy oMl budl ol
substrate I «é buiyi 4l osme sbg ade

b Dol b il blid o> gl ol po
Olagiil gase Ul ot 51881 ddac cUST ol ddsdl Y5l
Jas A Olagidl Je Sldosdl swss e Jasi
oia ( Apoptosis ) LM zogall Sgall Sldae S8
Oldgy ol susi Wuadsy Caspases  awd Olagiiyl
Wsds & guad Olagidl sda o) LML 8 183
A uSS zly Ol gla JWLS b
mod 5 Sas oS) ab o Al ol

Sge dloya Wsls e iS¢ Jl> b Caspasés ]|



Oy susia dadi Slaifl ils of Il
oLl Ly b slag Dgo ddsll cuwdg ddsl

budd Al gl Al a8 b céy u!l.AL.e
o Logiinle L b Job (I Slaiidl oda
.6)3@ Zymogens bygos fued Slasydl ISlic
39S JUlby lade oSy lge buiddl eiadl
B e (puladlo

se il Q.JI O Lo 3 u9 Jdl as

Joms lag fpuy Joo poa @ Jasz Oldgydl

JI & release g secretion d Susy lLosic
2SS e oy by dlag stomach

b sl Jsls oS0 alaldl o dosl@l Slsg !

*
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g0 Olegaill budas Ouow
r IS

Proteolytic)  _dgsdl aladll
ci> I3 cus ¢(cleavage
ol JSadl seii gasbo o ol
@3W elsall syl
buidll pdgdll wadscy dagg
¥l zwaug (Active site)
ey elal Se 1348

- Skl ol Bygall 5 Ll

Pepsinogen: buid s po-gad).

SV e3adl JI53 (basdl 5 Low pH

S a3l g9 Pepsin JI Jois
: 2041



Zymogens Sle@isall sl Olaglaal

DNA | i i RNA Jlg Olsgsd! JSI DNA
RNA i el dlac LMl 51 oy I
mRNA M s Transcription c O c O C
dazyi ddac
l‘l"ranslalion ( . )
|+ Q
r : ¥ _

‘ 7/ " Activation - Inhibition ‘ -
Zymogen L\.oﬁur;tiwar p':rotease vt Protease—inhibitor complex
inactive Degradation

C%g ) /&’%

Downstream effect
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Table 14.1 Gastric and pancreaticzymogens

Site of synthesis Zymogen Active enzyme
Stomach Pepsinogen Pepsin

Pancreas Chymotrypsinogen = Chymotrypsin
Pancreas Irypsinogen S Trypsin

Pancreas Procarboxypeptidase Carboxypeptidase
Pancreas Proelastase Elastase
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Questions
1. Which scientist demonstrated in 189/ that

cell-free yeast extracts could ferment sugar to
alcohol?

A. Louis Pasteur

B. Eduard Buchner

C. Michaelis Menten

D. Emil Fischer

2. The term “enzyme” is derived from Greek words

meaning:

A. Outside the cell

B. Active protein

C. In yeast

D. Biological catalyst

3. Which statement best describes an enzyme?

A. It increases the equilibrium constant of a
reaction.

B. It accelerates a reaction without being
consumed.

C. It provides energy for an unfavorable reaction.
D. It is permanently changed into the reaction
product.

4. Most enzymes are composed of:

A. Lipids

B. Carbohydrates

C. Proteins

D. DNA

5. Which of the following represents a catalytic

RNA molecule?
A. Apoenzyme
B. Ribozyme
C. Holoenzyme
D. Zymogen



0. Methyltransferase ribozyme MTRI1 catalyzes

methyl transfer to produce:

A. 5-methylcytosine

B. T-methyladenosine

C. /-methylguanosine

D. Thymidine monophosphate

/. Carbonic anhydrase can hydrate CO,

approximately how much faster than the
uncatalyzed reaction?

A. 10% times

B. 104 times

C. 107 times

D. 101 times

8. Trypsin functions optimally at approximately:

A. pH ?
B. pH b
C. pH 7/
D. pH 8
9. Which property explains why lactase hydrolyzes

lactose but does not normally hydrolyze other
disaccharides?

A. Catalytic power

B. Enzyme specificity

C. Cellular distribution

D. Proteolytic activation

10. Which of the following is an inorganic cofactor?

A. NAD*
B. Coenzyme A
C. Zn?*t

D. Biotin



11. Carbonic anhydrase requires which ion for its

enzymatic activity?

A. Cu?

B. Kt

C. Zn%*

D. Ni?*

12. Which ion acts as a cofactor for urease according to

the slides?

A. Ni#*

B. Mg?t

C. Cu**

D. K*

13. Mg?* may serve as a cofactor for all of the following

EXCEPT:

A. Hexokinase

B. Glucose 0O-phosphatase

C. Pyruvate kinase

D. Urease

14. Coenzymes are best described as:

A. Inorganic ions that permanently inhibit enzymes

B. Organic or metalloorganic molecules that may carry
functional groups

C. Protein portions of inactive enzymes

D. RNA molecules that degrade proteins

15. NAD* mainly participates in the transfer of:

A. Carbon dioxide

B. Amino groups

C. Hydride ions

D. One-carbon groups



16. Which coenzyme carries acyl groups?

A. Coenzyme A

B. Pyridoxal phosphate

C. Tetrahydrofolate

D. Thiamine pyrophosphate

17. Which coenzyme is derived from vitamin B, and

transfers amino groups?

A. Biotin

B. Pyridoxal phosphate

C. Flavin adenine dinucleotide

D. Nicotinamide adenine dinucleotide

18. A coenzyme that is tightly or covalently attached to

an enzyme is called a:

A. Cosubstrate

B. Prosthetic group

C. Zymogen

D. Substrate analogue

19. Which of the following is correctly classified as a

cosubstrate?
A. Heme

B. FAD

C. Biotin

D. NAD*

20. Which statement correctly distinguishes a prosthetic

group from a cosubstrate?

A. A prosthetic group is released after every reaction,
whereas a cosubstrate remains attached.

B. A prosthetic group is tightly bound, whereas a
cosubstrate binds transiently.

C. A prosthetic group is always inorganic, whereas a
cosubstrate is always a protein.

D. A prosthetic group inhibits enzymes, whereas a
cosubstrate activates them.



21. The protein portion of an enzyme that is inactive

without its required cofactor is called the:
A. Holoenzyme

B. Apoenzyme

C. Coenzyme

D. Prosthetic group

22. Which combination forms a holoenzyme?

A. Substrate + product

B. Apoenzyme + cofactor or coenzyme

C. Zymogen + inhibitor

D. Protein + substrate only

23. Pyruvate dehydrogenase requires which coenzyme

according to the slides?

A. Thiamine pyrophosphate
B. Tetrahydrofolate

C. Biotin

D. Vitamin C

24. Which group of amino acid residues forms the

catalytic triad of chymotrypsin?
A. Ser195, Hisb/, Aspl02

B. Cys1S5, Lysb/, Glul02
C. Serbo/, His102, Aspl195
D. Thri95, Arg5/, AsplO2

25. Lysozyme binds its polysaccharide substrate partly

because:

A. Positively charged active-site residues bind
negatively charged substrate regions.

B. Negatively charged active-site residues bind
positively charged substrate regions.

C. Hydrophobic residues form covalent bonds with the
substrate.

D. The substrate has no charge or structural
complementarity.



20. Digestive enzymes are generally classified according

to cellular distribution as:

A. Intracellular enzymes

B. Nuclear enzymes

C. Extracellular enzymes

D. Membrane-bound ribozymes

2/. L-amino acid oxidase acts on L-amino acids but not

on D-amino acids. This is an example of:

A. Absolute specificity

B. Group specificity

C. Optical specificity

D. Reaction specificity

28. Which enzyme-specificity pairing is INCORRECT?

A. Urease acting only on urea — absolute specificity
B. Alcohol dehydrogenase acting on several alcohols —
relative specificity

C. Trypsin cleaving bonds adjacent to lysine and
arginine — group specificity

D. Isocitrate dehydrogenase acting on two substrates —
optical specificity

29. The fact that an amino acid may undergo

transamination, oxidative deamination, or decarboxylation
through different enzymes illustrates:

A. Reaction specificity

B. Absolute specificity

C. Optical specificity

D. Dual specificity

30. Which of the following zymogen—active enzyme

pairs is INCORRECT?

A. Pepsinogen — Pepsin

B. Trypsinogen — Trypsin

C. Chymotrypsinogen — Chymotrypsin
D. Proelastase — Carboxypeptidase
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Important Note (Glgcolgsis)

Enzymes and substrates
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Phosphorylation keeps G6P in the Cell

Exfracellular
* Glucose phosphorylation for its fluid

intracellular trapping.

Sl 30y o3louis! Bug 3oSolall Byhwd i

&J’b C,'c' d'd‘L‘;‘” J";' L‘ -395 9.‘31‘ ‘ M Glucose is kept in the cell

by phosphorylation to G-6-P,

‘(G 6P) o Lé-ﬁdgé- 6-‘3959-‘-.; J! dj}é_‘g_é gl};i;};aiﬁrl:;(r;teei;ﬂlr};goss

Glucose-
() 6-phosphate
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Glucokinase (GK)/ Hexokinase (ﬁﬁ)g('Enz eﬁs olal) ddle a4l
(GOP) slawgs-6-3gSgle

e HK is found in most tissues and has a high glucose affinity (inhibited by G-6-P).
wilg S 8 (GK) jLsSeSolall @il .L:-g_s

e GK is found in liver and has low glucose affinity.

» Insulin induces the synthesis of GK and has no direct effect on HK.
Se sabe 350 & udy (GK) JLSoSelall aund dguddl jasy

(HK) LS gyl
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Glucokinase (GK)/ Hexokinase (HK) (Enzymes)

Jamoa Je joSglall 1Sy )
. o Concentration =31 a4l jeSgle 1Sy
of fasting
. Effect of glucgse tmcentratlon 0 |rate of blood glucose pluadl
Y i, V
Jg J OM ‘ Glucokinase

phosphorylatlon catalyzed by hexokinase and
LSoSolelly jLSquwsS Iz
glucokfrei se.* 9 ‘) % Glucokinase
e bl
£ :
. . , N : Vimax
« K, = Michaelis constant; V,, = maximal (G : Hexokinase
: Hexokinase
velocity. oa 5 1+0 15 20
< Km

m
Hexokinase Glucokinase

Glucose concentration (mmol/L)
C
OMELEN




Concentration =U31 aul jeSgle 3.5
of fasting
blood glucose ploall

Vmax
Glucokinase

o - ———————————————————— - -

>. o
= 3
=
T E Glucokinase
14+
® : -3
& 3
N Vmax
ﬁ Hexokinase
Hexokinase

0 . CEERC R BRI SR PG RPN G il [Ier S S S S |
(1 5 10 15 20
A
Km Km
Hexokinase Glucokinase

Glucose concentration (mmol/L)
Jaiis uaadidle HK GK (puauii] gaie Gl dilay 8
Sl 8 S jeSeladl sag substrate Sl i e
. liverJt 8 GK [lg tissue! & HK JB dalisi
ieSelall e el 150 4l gus @l Ma
KM JI 20 wse dsve affinity
JU d&slis km 181 & HK o Lusg blasall oy
GK
affinity el & HKJ! ol zoows JUILS

&
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_ Glucokinase Hexokinase

Site
Affinity to
glucose

V inax
K

Substrate
Role

Feedback
Inhibition

OMELEN

Liver
Low affinity 1.e. it acts only in the presence

of high Glucose blood concentration.

High

High

Glucose only

Captures glucose from the bloodstream in the
liver, facilitating glucose uptake and

glycogen synthesis.

Not subject to feedback inhibition by its

product

All tissue cell
High affinity 1.e. it acts even in the presence

of low blood Glucose concentration.

Low

Low

Glucose, galactose and fructose

Also facilitates glucose uptake but is not
primarily involved in regulating blood

glucose levels.

Subject to feedback inhibition by its product
(G6P)




Phosphofructokinase-1 (PFK-1) (Elﬁ)zlgnﬁe )
—=3f | isphosph
f_o_p ATP—AD ,0 bisphosphate

* Also known as 1-phosphofructokinase

* PFK-1 is a key enzyme (catalyzes committed reaction: means that under

physiological conditions, the reaction proceeds in the forward direction).

Committed) pislall Jeladl jasy 98 ¢Luwdy a3l PFK-T aej
Jeladl gy & glouddl Sgl 5 &l o2y liag (reaction

.%,oLog)ll o>l 8
OMELEN



(S.]l/(g.m I rdag lae PFK-T bus GBI it bydg I sedd I ((Citrate) olywdlg
CLEVIN "
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* Regulation of PFK-1:
ATP CLuﬂ 6.)5-‘-“-" Jb‘;dl
1. Activation: High levels of ADP and AMP (indicators of low cellular’-T

energy) activate PFK-1, promoting glycolysis tor ATP production.

2. Inhibition: Conversely, high levels of ATP (indicating sufficient
energy) and citrate (a metabolite signaling abundant energy stores)

_inhibit PFK-1, slowing down Agl&colysjs to prevent energ\)ér waste.
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substrate J| o Ulhwgd Ay
substrateJI
* This PFK-2/FBPase-2 has two enzymatic

activities kinase [(phosphofructokinase-2)] and

phosphatase [FBPase-2 (fructose-bisphosphatase-
99>g0 asl pblic PFK-2/FBPase-2 <l
FBP"..z 2)] remdmg on the same protein molecule.
JLSI blis awas gyl e 83> sk

$laawsdll blady [(PFK-2) 2-3LSsiSdsimsi]
C J(FBPase-2) 2-3Uliuws g ygiS s8]
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0. OH
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P ’ Fructose-6-phosphate —=— Fructose 2,6-bisphosphate
PFK-2 FBPase-2 - -
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Phosphofructokinase-2/ fructose-bisphosphatase-2

Ls 88 ‘": o
Ghucose * F2,6BP i1s a potent activator of

‘PFK-1.

Fructose-6P

PFK1 |

Fructoslel-l,BP,-_. +«—— DHAP — Glycerol-3P
Glyceraldehyde-3P -~

it
1.a-phospri%glycer—are PEK-2 sle Jezio Fructose ©_phosphate

3-phosphoglycerate
thosph%}glycerate &:J-:J FrUCtOSe 2,6 blSphOSphate uﬁ‘

PEP
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PFK2 allows for endocrine (insulin and

glucagon) regulation of glycolysis

[Glucose]plgod = Low

s
-
.
L
-
.
.
.

Glucagon secretion up
Insulin secretion down
Adenylyl Cyclase activation

[cAMP] rises

Protein Khasgi_ A activity rises

Fruct. 6-P + ATP /\ Fruct. 2,6-bisP

PFK2 PFK2-P
(active) (inactive)
FBPase FBPase
(inactive) (active)
Fruct. 2.6-bisP ‘I\_/ Fruct. 6-P
+
l Protein Kinasi A activity falls J

PFK1 " PFKY

acti Vlty Insulin secretion up aCtiVity
Glucagon secretion down

up Bt T down

N [Glucose]pjooqd = High

[nsulin and glucagon levels affect the
balance between PFK-2/FBPase-2

Ny
\ -
~/ PFK-2 [_
1 F26BP) ~/ (active) o
Stimulates glycolysis, FBPase-2
inhibits gluconeogenesis (inactive)
P - AMP- ATP
. OSpNo”  dependent glucagon
insulin cevey protein : P pp——
phosphatase p,:i:t:;: @ (1 [cAMP))
H,0 ADP
PFK-2 0
V[F26BP) (inactive) |
- : N D=R=0
Inhibits glycolysis, — [ FBPase-2/~ |
stimulates gluconeogenesis — / (active) : 0"
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glucagon) regulation of glycolysis liver . lu>

[Glucose]plgod = Low

¥

b g _ A
fﬁ'éﬁ?.?:’&}:ﬁi:’n"ﬂﬁﬁﬁ Insulin and glucagon levels affect the
Adenyly Cyclase activation balance between PFK-2/FBPase-2
[cAMPfrlsas \ VL&
Protein Kinase A activity rises '-: PFK-2 /_
Fru 6P +ATP - Frucl 264isP 4 (F26BP) ~/ lactive) N
PFK2 PFK2-P : Stimulates glycolysis, FBPase-2
(active) (inactive) : ibi i
— efsiu inhibits gluconeogenesis (inactive)
(inaUm) - P ATP
Fruct. 2.6-bisP ruct. § i cAMP-
= phospho-  genend
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1. What is the main purpose of glucose phosphorylation

inside the cell?

A. To facilitate glucose diffusion out of the cell

B. To trap glucose intracellularly as glucose-6-phosphate
C. To convert glucose directly into pyruvate

S D. To inhibit glucose uptake
2 W*:h compound is formed immediately after glucose

phosphorylation?

A. Fructose-0-phosphate

B. Glucose-1-phosphate

C. Glucose-0-phosphate

D. Fructose-1,0-bisphosphate

3. Why does phosphorylation help retain glucose inside

the cell?

A. Glucose-0-phosphate cannot easily cross the plasma
membrane

B. Glucose-6-phosphate is rapidly converted into
glycogen

C. Phosphorylation removes glucose transporters from
the membrane

D. Glucose-0-phosphate is transported only by insulin
4. Which enzyme is found in most tissues and has a

high affinity for glucose?
A.'[-‘-Iucokinase

B. HeXokiflase

C. PFK-1

D. FBPase-?



5. Which enzyme is mainly found in the liver and

has a low affinity for glucose?
A. Hexokinase

B. PFK-1

C. Glucokinase

= D. PFK-2
a\Which statement regarding insulin is correct

according to the lecture?

A. Insulin directly activates hexokinase

B. Insulin inhibits glucokinase synthesis

C. Insulin induces glucokinase synthesis but has
no direct effect on hexokinase

D. Insulin inhibits both glucokinase and hexokinase
/. Which enzyme has the higher Km for glucose?

A. Hexokinase

B. Glucokinase

C. PFK-

D. Both have the same Km

8. Which combination correctly describes

glucokinase?
A. Low Km an*low Vmax
B. Low Km and hi% Vn.'lax
C. High Km and high Vmax

D. High Km and low Vmax



9. Which combination correctly describes hexokinase?

A. High Km and high Vmax

B. High Km and low Vmax

e C. Low Km and high Vmax

& 1 D. Low Km and low Vmax
10. Which of the following is a substrate of

glucokinase according to the lecture?

A. Glucose only

B. Glucose and fructose only

C. Glucose, galactose, and fructose

D. Galactose only

11. Which of the following can be phosphorylated by

hexokinase?

A. Glucose only

B. Fructose only

C. Glucose, galactose, and fructose

D. Glucose and glycogen only

12. Which enzyme is subject to feedback inhibition by

glucose-6-phosphate?
A. Glucokinase
B#&Hexokinase

PB(—Z

D. FBPase-?



13. Which statement best describes PFK-1?

A. It is a minor reversible enzyme of glycolysis

B. It catalyzes a committed reaction in glycolysis

C. It converts glucose directly into

= glucose-t-phosphate

° Q It is primarily involved in glycogen synthesis
14. Which combination activates PFK-1 when cellular

energy is low?

A. ATP and citrate

B. ADP and AMP

C. Glucose and citrate

D. ATP and glucose

15. High levels of ATP and citrate have which effect

on PFK-1?

A. They activate PFK-]

B. They increase PFK-1 synthesis

C. They inhibit PFK-1

D. They have no effect on PFK-1

10. PFK-2/FBPase-2 is best described as:

A. Two completely separate proteins

B. A single protein possessing both kinase and
phosphatas@ activities

C. An enzyme with only phosphatase activity

D. An enzyme involved only in glycogen breakdown



17. What reaction is catalyzed by the PFK-2 activity of

the bifunctional enzyme?
A. Fructose-2,0-bisphosphate — fructose-6-phosphate

B. Glucose — glucose-b-phosphate
C. Fructose-6-phosphate — fructose-2,6-bisphosphate

& . Fructose-0-phosphate — fructose-1,06-bisphosphate
18. Fructose-2,0-bisphosphate is best described as:

A. A potent inhibitor of PFK-1

B. A potent activator of PFK-T

C. A direct inhibitor of hexokinase

D. A substrate of glucokinase

19. During low blood glucose, increased glucagon

ultimately causes which of the following?

A. Decreased cAMP and activation of PFK-2

B. Increased cAMP and activation of protein kinase A
C. Increased insulin secretion and activation of PFK-]
D. Dephosphorylation of PFK-2/FBPase-?

20. Dihydroxyacetone phosphate (DHAP) can be used in

liver and adipose tissue to form:

A. Glucose-t-phosphate for glycogen synthesis

B. Glycerol-3-phosphate for triacylglycerol synthesis
C. Fructose-2,0-bisphosphate for glycolysis

D. Citrate for direct ATP‘)roduction

b B
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