
Enzymes- An introduction
Enzymes :are  Biologic (organic catalysts) polymers 
that:
- catalyze the chemical reactions
-It’s function is RNA processioning : Conversion of 
RNA from Immature nonfunctioning RNA to mature 
functioning one
-carried catalytic character behave like enzyme 
TDNA to URNA.

all enzymes are protein in nature except one type 
called ribozymes or called small nuclear RNA , these 
are short stretch of RNA from 90 to 300 nucleotides, 
but they are carrying catalytic character which means 
that they are behaving like enzymes, they are used in 
RNA processioning

Enzymes are neither consumed nor permanently 
altered as a consequence of their participation in a 
reaction.

enzymes In addition to being highly efficient, are also 
extremely selective catalysts.

We have 2 types of catalysts :
1. Organic ( Enzymes ) : high turnover number (10 to 
power 6 to 10 to the power 12 ( 106 – 10^12 )
2. Inorganic : like metal ions ,
less turn over number( 10 to power 3 ( 10^3 )

enzymes (organic)Thermolabile, site specific, with 
a high turn over number compared to the 
inorganic catalysts.

General information about enzumes

enzymes structure  components :
A poenzyme:  is an enzymatically inactive protein part 
of an enzyme, which requires a cofactor for its activity

cofactor: is a non-protein chemical compound or metallic 
ion that is required for an enzyme function as catalyst 
A substrate: is a molecule that an enzyme reacts with 

#active enzyme may contain cofactor or not            #blood PH =7.35-7.45
#non-active enzyme doesn’t contain cofactor

Holoenzyme : it’s wool enzyme active which is substrate +cofactor+enzyme +Apoenzyme

enzyme are in three form depend upon Axel ratio which is length / with
1 – globalor protein : L\W <10 wich is soluble (hydrophilic)
2 – fibrous protein: L\W >10
3 – RNA– based molecule which is ribozymes  

:



3- Some names are historical - no direct relationship
 to substrate or reaction type
Catalase 
Pepsin in stomach 
 Chymotrypsin and  Trypsin in instine

Nomenclature of enzymes

1-In most cases, enzyme names end in –ase
The common name for a hydrolase is derived 
from the substrate examples:
Urea: remove -a, replace with -ase = urease 
Lactose: remove - ose, replace with - ase = lactase

2- Other enzymes are named for the substrate and the reaction catalyzed
Lactate (substrate)dehydrogenase (reaction) ;remove of hydrogen atom 
Pyruvate (substrate)decarboxylase(reaction ); remove of carboxyl group 

4th a serial number... 
(order in which enzyme 
was added to list)

Classification of Enzymes
- Enzyme Commission (EC) – according to International Union of Biochemistry and Molecular Biology (IUBMB) - Each enzyme was given 4 digit numbers [1.2.3.4]

1st one of the 6 major classes of enzyme activity 2nd the subclass (type of 
substrate or bond cleaved)

3rd the sub-subclass 
(groupactedupon, 
cofactorrequired,etc...)

2- Transferases (EC.2) transfer a group from one molecule to another, 
such as (Hexokinase [EC 2.7.1.2])
-Transaminases catalyze transfer of an amino group 
- Kinases transfer a phosphate group

1- Oxidoreductases (EC.1):catalyze redox reactions, 
such as (Alcohol dehydrogenase [EC 1.1.1.1])
Reactions:booth reaction in same time
- Reductases 
- Oxidases

3- Hydrolases (EC.3) cleave bonds by adding water, 
such as (Alkaline phosphatase [EC 3.1.3.1])
- Phosphatases 
- Peptidases
- Lipases

4- Lyases (EC.4) catalyze removal of groups to form double 
bonds or the reverse break double bonds, 
such as(Pyruvate decarboxylase [EC 4.1.1.1]) 
- Decarboxylases
- Synthases

5- Isomerases (EC.5) catalyze intramolecular rearrangements, 
such as (Alanine racemase [EC 5.1.1.1])
- Epimerases 
- Mutases

3- phosphoglycerate ———————-> 2-phosphoglycerate

6- Ligases (EC.6) catalyze a reaction in which a C-C, C-S, C-O, or C-N bond 
is made or broken, and this is only the reaction wich needs ATP
such as (Isoleucine-tRNA ligase [EC 6.1.1.5])

Lactate—————>  pyruvate
lactate 

dehydrogenases

methyl  group donor+ Norepinephrine———-—————>Epinephrine 

PNMT 
(Phenylethanolamine 
N-Methyltransferase )

PNMT Phenylethanolamine N-Methyltransferase  found in adrenal medulla 

triglyceride  —————> 1 Glycerol +3 fatty acidsLipase
their bond broken by ester bond

fumarate ——— —->malatefumarase

phosphoglycerate mutane



Active site
- Takes the form of a cleft or pocket and  it’s small contain 3-12 amino acid 
- Takes up a relatively small part of the total volume of an enzyme 
- Substrates are bound to enzymes by multiple weak attractions
 -The specificity of binding for stability  depends on the precisely defined
arrangement of atoms in an active site

ميزنلاا نم لاعفلا ازجلاب تارذلا بيترت ىلع طبضلاب دمتعي اذهو  ارارقتسا رثكا ناك اصصخت رثكا ميزنلاا ناكام لك
 -The active sites of multimeric enzymes are located at the interface between 
subunits and recruit residues  from more than one monomer
Binding of the substrate to the active site requires :
1. active site containing A.A with reactive functional groups
like for example acidic A.A , basic A.A , hydroxyl containing A.A , 
imidazole containing A.A .
2. 3D configuration : to allow the binding of the substrate .

Enzyme substrate binding
-Two models have been proposed to explain how an enzyme binds 
its substrate: the lock-and –key model and the induced- fit model.
1-Lock-and-Key Model of Enzyme-Substrate Binding, in this 
model, the active site of the unbound enzyme is complementary in 
shape to the substrate.
-"lock and key model" accounted for the exquisite هديج specificity
of enzyme-substrate interactions, the implied rigidity of the 
enzyme's active site failed to account for the dynamic
changes that accompany catalysis.

 و ينعم لعافتل صصخم  ميزنلاا(ميزنلاا ةيصوصخ ديدحتل ةديج ةيرظنلا هذه
substrste لكش نا يا(ميزنلإا يف طاشنلا عقولم  ةبلاصلا  ضرتفت اهنكل)ينعم 

 تاريغتلل اعبت ريغتي هقيقحلا يف هنكل ) ريغتي نا ليحتسمو تباث  active site لا
زيفحتلا ةيلمع بحاصت يتلا ) ةكرحلا نم هجتان وا هيكرحلا( هيكيمانيدلا

2-Induced-Fit Model of Enzyme-Substrate Binding;
- In this model, the enzyme changes shape according substrate binding.
-The active site forms a shape complementary لمكم to the substrate only 
after the substrate has been bound.

 نا يا لاوا ميزنلاا يف  هقاصتلا دعب substrate لل لمكم لكش نوكي لاعفلا بناجلا
بسانم حبصيل ريغتي هنكل امامت بسانم ريغ رملاا ئداب يف لاعفلا بناجلا لكش

- When a substrate approaches and binds to an enzyme they
induce a conformational change, 

  تارييغتلا يف ادبي ميزنلاا  substrate لا برقت دنع
a change analogous هلثامم  to placing a hand (substrate) into a glove 
(enzyme).

Mechanism of Action of Enzymes
- Enzymes are catalysts and increase the speed of a chemical reaction 
without undergoing any permanent chemical change. They are neither 
used up in the reaction nor do they appear as reaction products.
- The basic enzymatic reaction can be represented as follows:

- Where E represents the enzyme catalyzing the reaction, 
S the substrate, the substance being changed, 
and P the product of the reaction.
-The mechanism of action of enzymes can be explained by two 
perspectives: رظن يتهجو قيرط نع ميزنلاا لمع هيكيناكيم حرش متي
1- Thermodynamic changes طيشنتلا هقاط يف ريغتلا ىلع دمتعت يلا سبك هقاط يه يلاو   Δ G هسفن  
2- Processes at the active site



Thermodynamic changes
- All enzymes accelerate reaction rates by providing transition 
states with a lowered ∆GF for formation of the transition 
states.

 نا يا طيشنتلا هقاط للقي ميزنلاا ونا ببسب هيصان نيوكتلا هقاط نوكت
نوكتتل لقا هقاط ديرت تلاعافتلما

-The lower activation energy means that molecules have the 
required energy to reach the transition state.

 تلق املكو طيشنتلا ةقاط للقي ميزنلإا نأ ىلإ ريشت ىلولأا رظنلا ةهجو
 ايسكع بسانتت طيشنتلا ةقاط تناو لعافتلل مزلالا تقولا لق طيشنتلا ةقاط
ديزت لق املكو لقت ميزنلاا داز ام لك يا ميزنلاا  عم

Processes at the active site

1- Catalysis by proximity: for the molecules to react they
must come within bond-forming distance of one another. When an 
enzyme binds substrate molecules at its active site, it creates a 
region of high local substrate concentration.
Enzyme-substrate interactions orient reactive groups and bring 
them into proximity with one another.

ضعبلا اهضعب نم اهب بارتقا دنع تائيزجلا ينب ثدحي لعافت وه بيرقتلا لعافت   
تائيزجلا برتقت نأ لولأاو طورش ثلاث لعافتلا اذهلو لعافتلا اذه طورش دحأ وهو   

ىلع يوتحت هقطنم نوكي نا ايناث ضعبلا اهضعب نم تلاعافتلما تاميزنإ يأ  
هيلعافتلا تاعومجلما نوكت نا ثلاثلا طرشلاو  تلاعافتلما نم يلاع زيكرت  

2- Acid base catalysis: the ionizable functional groups of 
aminoacyl side chains of prosthetic groups contribute to catalysis 
by acting as acids or bases.
- General acid catalysis involves partial proton transfer from a 
donor to lower the free energy of the transition state.
- General base catalysis involves partial proton abstraction from 
an acceptor to lower the free energy of the transition state.

 تلاعافتلا ىلع دامتعا لاب  ميزنلاا لعافت ةيكيناكيم حضوت ةيناثلا رظنلا ةهجو
لاعفلا ءزجلا يف ثدحت يتلا

prosthetic groups

aminoacyl side chains
contain ionizable 
functional groups



6- Electrostatic catalysis يئابرهكلا تانحشلا ينب يئابرهك لعافت
- Enzymes arrange active site charge distributions to stabilize the transition states 
of catalyzed reactions امو هرقتسم هيلاقتنلاا هلحرلما نوكت ىتح  لاعفلا ءزجلا بتري ميزنلاا هيادبلاب  

هديرنم جتاون هنيطنت وا طبرختت
- Substrate binding generally excludes water from an enzyme active site 
generating a low dielectric constant within the active site

لزاع يوسي يالما ينثتسي نم  تياس فتكلاا نم ءالما تارذ  ينثتسي  تيرتسبسلا طابترا هماع هروصب
- Electrostatic interactions are stronger
- pka's can vary فلتخي by several pH units due to proximity of charged groups
- Alternative form of electrostatic catalysis: several enzymes as superoxide 
dismutase apparently use charge distributions to guide polar substrates to their 
active sites تياس فتكا لل  يبطقلا تيرتسبسلا هجوي هتح بيترتلا مدختسي يكيتاتسورتكللاا لعافتلل ليدبلا لكشلا

3- Catalysis by strain: enzymes that catalyze the lytic 
reactions involve breaking a covalent bond typically bind their 
substrates in a configuration slightly unfavorable 
configuration for the bond that will undergo cleavage.most of 
them found in stomach 

 ةطبارلل ام دح ىلإ ذبحمريغ ليكشت يف اهتلاعافتم تاميزنلإا طبرت ام ةداع
 ىلع يوطنت يتلا ةللحلما تلاعافتلا زفحت يتلا .قاقشنلال عضختس يتلا

ةيمهاستلا ةطبارلا رسك

4- Covalent catalysis: accelerates reaction rates through 
transient تقؤم formation of enzyme-substrate covalent bond. 
Three stages in covalent catalysis:
1- Nucleophilic reaction between enzyme and substrate 
ionisation of functional groups in active site and substrate 

 هلاعفلا تاعومجلما نيات قيرط نع هوطخلا اذه يف هيمهاست هطبار نيوكت
 يليفولكوين لعافت مهنيب نوكي مث نمو  تيرتسبسلا يفو لاعفلا ءزجلا يف

هتقؤلما هيمهاستلا هرصلاا نوكيل
2- Electrophilic withdrawal of extra electrons from substrate 

 لعافت قيرط نع تيرتسبسلا يف هديازلا تانورتكللاا لصف متيس مث نمو
 يليفورتكلا

3- Elimination reaction (reverse of stage 1) يتلا هطبارلا رسك  
ىلولآا هوطخلا يف تنوكت

5- Metal Ion catalysis
Note; enzymes require the presence of metal ions for catalytic activity.

يزيفحتلا طاشنلل  يزلف نويا دوجو جاتحت تاميزنلأا
- Two classes of metal ion dependent enzymes:
1- Metalloenzymes contain tightly bound transition metal ions
(Fe2+, Fe3+, Cu2+, Zn2+, Mn2+)

ماكحإب ةطبترم ةيلاقتنا ةيندعم تانويأ ىلع ةيندعلما تاميزنلإا يوتحت

2- Metal-activated enzymes loosely bind metal ions (alkali or
alkaline metal including Na+, K+, Mg2+ and Ca2+)

  فيعض لكشب نداعلماب ةطشنلما تاميزنلإا طبرت
- Metal ions enhance عرسي  catalysis in three major ways:
1- Binding to and orienting هيجوت  substrates for reaction as Mg2+
binding to ATP
2- Mediating redox reaction through changes in oxidation state
such as reduction of O2 to H2O through electron transfer

ةدسكلأا ةلاح يف تاريغتلا للاخ نم لازتخلااو ةدسكلأا لعافت يف طسوتلا
نورتكللإا لقن للاخ نم H2O ىلإ O2 لارتغا لثم

3- Electrostatic stabilization or shielding of negative charges as
Mg2+ binding to ATP

لثم ةبلاسلا تانحشلا ةيامح وأ يكيتاتسورهكلا تيبثتلا
Mg2+ ب مزلم ATP

L



 ةيئايميكلا داولما ىلع فرعتلا ىلع  ميزنلاا ةردق وه )Enzyme Specificity( تاميزنلإا صصخت
 ةنيعم ةدام عم لعافتلا ىلع ةددحم ةردق كلتمي ميزنلإا نأ ينعي اذه .يرايتخاو قيقد لكشب )تيرتسبسلا(
 ضعبل نكمي ثيح ،تاميزنلإا ينب صصختلا تاجرد فلتخت .ةيئايميكلا تابكرلما نم ددحم عون وأ
 نأ تاميزنلإا ضعبل نكمي امنيب ،داولما نم ددحم عون عم طقف لعافتتو ادًج ةصصختم نوكت نأ تاميزنلإا
 يف امًهم ربتعي صصختلا اذه .ةفلتخم قرطب داولما نم ةعونتم ةعومجم عم لعافتتو اصًصخت لقأ نوكت
 ىلإ جاتحت يتلا ةددحلما داولما عم طقف تاميزنلإا لعافت نمضي ثيح ةيئايميكلاو ةيولخلا ةايحلا تايلمع
.اهبيكرت وأ اهكيكفت وأ اهليوحت

Enzyme Specificity: يحيضوت حرش

- In general, there are four distinct types of specificity:
1- Absolute specificity: the enzyme will catalyze only one 
reaction.

 دحاو تیرتسبسل صصختم
2- Group specificity: the enzyme will act only on molecules 
that have specific functional groups, such as amino, 
phosphate and methyl groups ضعب يوتحت يلا تائیزجلا يو لعافتی  

لاعفلا تاعومجملا
3- Linkage specificity: the enzyme will act on a particular 
type of chemical bond regardless of the rest of the molecular 
structure

  يئیزجلا بیكرتلا ىلع سلغیو  ھنیعم ھطبار يو لعافتی
4- Stereo chemical specificity: the enzyme will act on a 
particular  steric or optical isomer. such as recemic mixture 

نیعم رموزیا ىلع میزنلاا لمعی   
- Some enzyme require cofactors to be active.
- Cofactors are a non-protein components of the enzyme.
- Organic Molecules (Coenzymes) Temporarily attached
 - Inorganic ions e.g., Ca2+ , Zn2+ (Prosthetic group) Permanently attached

- Cofactors may be:
1- The Permanently attached: cofactors, are called Prosthetic group 
(such as a vitamin, sugar, or lipid or inorganic such as a metal ion)
2- Temporarily attached cofactors are called coenzyme, its detach 
after a reaction and may participate in the reaction with other 
enzyme.

Cofactors
- Cofactors can be subdivided into two groups: 
1-metals Inorganic ions e.g., Ca2+ , Zn2+ (Prosthetic group) 
Permanently attached 
- Most common cofactor are  metal ions.
- If tightly bound(- Tightly integrated into the enzyme 
structure by covalent or non-covalent forces.), the cofactors 
are called prosthetic groups.

Prosthetic groups e.g.;
1-Pyridoxal phosphate
2-Flavin mononucleotide ( FMN)
3-Flavin adenine dinucleotide (FAD)
4-Thiamin pyrophosphate (TPP) 
5-Biotin 
6-Metal ions – Co, Cu, Mg, Mn, Zn
# Metals are the most common prosthetic groups

2-small organic molecules - Organic Molecules (Coenzymes) 
Temporarily attached

neeexxxtt   slide plzz



2-small organic molecules - Organic Molecules (Coenzymes) 
Temporarily attached
- Cofactors that are small organic molecules are called 
coenzymes.
- Loosely bound Cofactors serve functions similar to those 
of prosthetic groups but bind in a transient تقؤم , dissociable 
manner either to the enzyme or to a substrate

تیرتسبسلل وا میزنلال اما  ھلصف نكمی
- Very often vitamins
- They serve as recyclable shuttles or group transfer
agents that transport many substrates from their point of 
generation to their point of utilization.

يعامج لقن وأ - ریودتلا ةداعلإ ةلباق تاكوكم ةباثمب اھنإ
اھمادختسا ةطقن ىلإ اھدیلوت ةطقن نم تیرتسبسلا نم دیدعلا  لقنی ثیح -  لماوعلل .

- The water-soluble B vitamins supply important 
components of numerous coenzymes.

. coenzymes نم دیدعلل ةمھم تانوكم ءاملا يف نابوذلل ةلباقلا ب تانیماتیف رفوت
- Chemical moieties ھئیزج  transported by coenzymes include 
*hydrogen atoms or hydride ions
* methyl groups (folates), 
*acyl groups (coenzyme A), 
*oligosaccharides (dolichol).

Diagnostic significance of enzymes 
وأ ةيحصلا تلااحلا ىلع فرعتلل بطلا يف ةيصيخشت تاملاعك اهمادختسا نكمي تاميزنلإا  

،ةنيعم زيكارتب مسجلا يف ةدوجوم نوكت ام اًبلاغ تاميزنلإا نأ ةقيقح ىلع اذه دمتعي .ضارملأا  
تاميزنلإا زيكرت يف تارييغت ىلإ كلذ يدؤي نأ نكمي ،ةيحصلا ةلاحلا يف ريغت ثدحي امدنعو  

ةجسنلأا وأ مدلا يف .

 ررض دوجو ىلع ًلايلد نوكي دق مدلا يف ينعم ميزنإ نم ينعم ىوتسم عافترا ،لاثلما ليبس ىلع
 ،ةيثارولا ضارملأا صيخشتل اضًيأ مدختسُت تاميزنلإا ضعب .دبكلا وأ بلقلا لثم ءاضعلأا يف

.ةددحم ةلكشم دوجو ىلع ًلايلد ميزنلإا زيكرت يف ةدايز وأ صقن نوكي ثيح

 لوبلا وأ مدلا لثم ةيويحلا تانيعلا ليلحت ىلع دمتعي ةيصيخشت تاملاعك تاميزنلإا مادختسا
 ةنيعم تلااحب ةطبترلما طامنلأا نم دكأتلاو اهريغت ةيفيك مهفو ةفلتخلما تاميزنلإا تايوتسم سايقل

.ةحصلا وأ ضارملأا نم

1-Enzymes can also act as reagents for various biochemical 
estimations and detections انه هظفحت نا يفكي ءيش هنع يجحن حرم اذه

2- Enzymes can act as diagnostic markers of underlying(incide body) 
diseases  such as diagnose of cancer . ليصفتلاب هحرشن حر اذه  

Enzymes as diagnostic markers
همسا مدلاب ءيش وكا نوفرعت مكلك   ميزنلاا نم ينعم عون نع يچحن حر هسه  
هنع يچحن حر هنحا تاميزنا ياوه  هيب مدلا امزلاب ياه )مدلا امزلاب( امزلاب  

لاعف ريغو لاعف  تاميزنلاا نم ينعون هيبيه هنا فرعت مزلا ايئدبم
 حر كلذلف  تاميزنلاا ياه هبسن سايق قيرط نع ضارما ياوه ددحا ردكاو

 هحرشن
1- Functional plasma enzymes ( Plasma derived enzymes): 
- Certain enzymes, proenzymes, and their substrates are
present at all times in the circulation ( مدلا نارود )of normal individuals and 
perform a physiologic function in the blood.
Examples of these functional plasma enzymes include:
 lipoprotein lipase, pseudo cholinesterase, 
and the proenzymes of blood coagulation and blood clot dissolution .
The majority of them are synthesized in and secreted by liver.



2- Nonfunctional plasma enzymes (Cell derived enzymes):
 - Plasma also contains numerous other enzymes that perform
no known physiologic function in blood.
-These apparently nonfunctional plasma enzymes arise from
the routine normal destruction of erythrocytes, leukocytes,
and other cells. ببسب ةينيتور ةجيتن نوكت اهنكل هلاعف ريغ يهف اهمسا نم  

ايلاخلا نم اهريغو ءاضيبلاو ءارمحلا مدلا ايلاخ توم
-Tissue damage or necrosis resulting from injury or disease is
generally accompanied by increases in the levels of several 
nonfunctional plasma enzymes.

وه دسافلا مدلاو ةدياف هنم يأ دساف مد نوكي جرخي نم مدلا نأ نوفرعت مكلك  
ةمزلابلا اندع جتنت تومي نم وه هنا اقباس انركذ ام سفن مدلاف تيم مد ىرحلأاب  

ميزنلا اذه هبسن  دادزي  حورجلا تلااح يف كلذف ةلاعفلا ريغ

Isoenzymes (Isoenzymes)
- Are homologous enzymes that catalyze the same reaction but 
have differences in enzymatic properties.

سفن نم اهنأ ينعي اذهو  هلثامتم تسيل اهنكل هسناجتم تاميزنإ يه  
هيميزنلاا صاوخلا يف ةفلتخم و هيميزنلااةلئاعلا

- Often different isoenzymes are found in different locations in a 
cell or in different organs/tissues of an organism.

-They are from different polypeptide chains that coded by 
different genes and so, they are affected by different activators 
and different inhibitors in different tissues.

e.g.: Lactate dehydrogenase (LDH)isoenzymes
- The enzyme interconverts lactate and pyruvate (LDH)

ناسنلالو سكعلاو تافوربلا ل تاتيتكلا لا نم ليوحت يف ميزنلاا اذه لمع نوكي  
صئاصخ هلا دحاو لكو ناكمب دحاو لك نكل ميزنلاا اذه نم  ينيساسا يننثا  

يننثلاا نذه نم تاقتشم نوكت تارموزيا لا يقاب  اما هدحو
 - Humans have two isoenzymic chains for  
lactatedehydrogenase: 
LDH ( M ) found in muscle(skeletal) M is optimized to work under 
anaerobic conditions
LDH ( H ) found in heart H optimized to work under aerobic 
conditions.

-There are 5 different isoenzymes.
-The relative ratio of the isoenzymes depends on the location in
the organism as well as the developmental stage.

CK/CPK Isoenzymes رئاظنلا نم ديدعلا هل نكل ينمسا  هلو دحاو ميزنا وه
ليوحتب ميزنلاا اذه موقي .غامدلاو بلقلاو تلاضعلا يف دوجوم ميزنإ وه  
ةيلضعلا ايلاخلل ةقاطلا ديلوت يف امًهم ربتعُيو ،ينتايركوفسوف ىلإ ينتايركلا

تاميزنإ مسقنت  CK/CPK تاميزنإوزيإ وأ ةيسيئر لاكشأ ةثلاث ىلإ :
1. CK-MM (Muscle): ةيلكيهلا تلاضعلا يف اسًاسأ دجوت .
2. CK-MB (Myocardial or heart): ةيبلقلا ةجسنلأا يف يساسأ لكشب دجوت .
3. CK-BB (Brain): ةيبصعلا ةجسنلأا ضعبو غامدلا يف يساسأ لكشب دجوت .

ةباصإ دوجو دنعف .ةباصلما وأ ةررضتلما ةجسنلأل اعًبت مدلا يف تاميزنإوزيلإا هذه بسن فلتخت  
نكمي يلاتلابو ،ةيومدلا ةرودلا ىلإ تاميزنلإا هذه قلاطإ متي ،غامدلا وأ بلقلا وأ تلاضعلا يف  

تاميزنإوزيإ نم ةفلتخم ةبسن سايق  CK/CPK ةجسنلأا هذه نع ةجتانلا رارضلأا ديدحتل  
ةباصلما .

- There are three Isoenzymes.
- Measuring them is of value in the presence of elevated levels of CK or 
CPK to determine the source of the elevation. هنلا  مهم تاميزنلاا هذه  سايق  

لقعلا ررضت ىلع ليلد وهو اهدحا دادازيس بلقلا ررضت دنعف  اهعافترا يف ببسلا ددحي
- Each isoenzyme is a dimer composed of two protomers ينتوربلا
‘M’(for muscles) and ‘B’( for Brain).
-These isoenzymes can be separated by, electrophoresis or by
ion exchange chromatography.


