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Overview

Applications of
Isozymes isozymes in

diagnosis




What are isozymes?  enymesd s /i

* Physically distinct forms of the same enzyme enzymed <& (distinct) s jsee JIS5) 4t
* Multiple molecular forms of an enzyme are described as 1sozymes or 1so-enzymes
* Different molecular forms of the same enzyme synthesized from various tissues

. e Useful to understand diseases
,Adlisa tissues (e Oprias 151 S e Vb g isoenzymesd) aeenis J 28 multiple molecular forms sdie enzymed) ¢ sS Wl

clinically 4l agdl (o | al 1Y) (el risksd)s severityd) 48 = s detectiond) s agills | sacli agil agieal
 Homomultimer protein: subunits are all the same, represented by a single gene

* Heteromultimer protein: subunits are different, produced by different genes
[ f . Leeul 5 single gene (= 4l S Agliie <ilS 1) subunits 4@ OsS enzyme JS
PY ° “oabe . . .
sozyme formation: Heteromultimer el 5 different genes (» OsSh 4alidsa 13) s Homomultimer

1. Products of different genes: true isozymes true isozyme 4xesis 4ilise Clia (e subunitsd) 1 530S 131

2.In some cases all the different forms are present in the same individual e.g. LDH has 5 iso-
enzymes lactate dehydrogenase (LDH)J sy ,mead) JA)a Lehan 4dlisall formsd) JS sl 58 (Sas enzymesd) sz s
3.The same locus of the gene may have different alleles (alternate forms) = alleleic isozymes are
called allozymes (only one form will be present in the individual)
e.g. more than 400 distinct forms of glucose 6-P dehydrogenase in population.
Polymorphism: >1% frequency of variation at a single locus »:ic 4.éi gened o< allozymesd
IS Al i oS) Jow frequency of occurrence 4l O sSs ¢ b (6 skl agaa 5 & ols  calise 0S5 400 ) U G-6-PJ) s ,4ilisa (alleles) <l
pianalle (pxe drug ol 48 5kl (a8 59) insight Lshes 0=l 5 polymorphism 4xews =la %1 < frequency of occurrenced)!
4. Molecular heterogeneity of enzymes may also be produced after the protein is synthesized

(post-translational modification): iso-forms synthesisd) Gk Ge post-translational modification sy (Ses sl
post-translational modification (sl suas L () s2 4dlids subunits (o > U true isozymesd) Ge 4k oS3 45y ey aliny 5 jso-forms Ue v s proteind!




ldentification of isozymes

1. In Agar gel or polyacrylamide gel electrophoresis: isozymes have different mobility widely ) @5\5 ,electrophoresisd‘ d:’)-b oe -1
LDH, CK and ALP isozymes can be separated by electrophoresis G PEEON| @ used

2. Heat stability: one of the isozymes may be easily denatured by heat ol pas isozymesd ?:L;"-‘“J heatd) @ik o= -2
bone isozyme of ALP (BALP)  (ALP= alkaline phosphatase) 5l all y= il A2 denaturation

3. Inhibitors: one of the isozymes may be sensitive to one inhibitor
tartrate labile ACP

inhibitors &k o= -3

4. Km value or substrate specificity may be different for isozymes . . Km valued! &k e -4
glucokinase has high Km and hexokinase has low Km for glucose

5. Cofactor requirements may be different for isozymes
Mitochondrial isocitrate dehydrogenase is NAD* dependent isozymes JS alaxivy A co-factorsd) <adial -5

Cytoplasmic isozyme is NADP * dependent pale 8 il deliy 4 p
6. Tissue localization may be different for isozymes Al el a4 » <
H4 form of LDH is present in heart agale il sebug 4l M tissued) 48 y2e LS -6

M4 variety is seen in skeletal muscle

7. Specific antibodies may identify different types of isozymes isozymesd\ wazl 333s. gntibodies (& 4y -7
CK iso-enzymes are separated by antibodies A8 ey el A

a5 Laall 8 ~laall g 58 gl lllul ) agll




< to identify isoenzymes (kb 7 be A 45) Ly g
las aul s medicinedb s diagnosisdb aedl (axdl Gadaill

CLINICAL ENZYMOLOGY

* Plasma contains many functional enzymes, which are actively
secreted into plasma

* There are a few nonfunctional enzymes in plasma, which are coming

out from cells of various tissues due to normal wear and tear

* Their normal levels in blood are very low; but are drastically increased during necrosis or

disease ,
el 3ok aaa liie ala & g gally Cpaiid a8 gy jall die &85 aally s8] gl S

* Assays of these enzymes are very useful in diagnosis of diseases



Enzymes as (cardiac) Biomarkers

* A biomarker is a clinical laboratory test which is useful in detecting dysfunction of an organ
,Oire (e Adilal gl el ) aal) 4 AKSa ol (dysfunction/disfunction) J1a asa s (e alSU iy asd 8 biomarkerd!
UA\JA;\X\ uaujutjcmdé)u@a)}ﬂ"dha:}!b
Different markers are used to:
i. Detect myocardial ischemia at the earliest : e cardiologydu claladiul S agl)
« Commonly used biomarkers for early detection of acute myocardial infarction are:
e 1. Cardiac troponins

e 2. Creatine kinase, CK-MB
3. Myoglobin

ii. montoring the progression of the condition

iii. to predict the risk in cardiac dysfunction



iy aled kinase Jsis L 5 5 LS
CREATINE KINASE (CK) 0 s g

It catalyzes the creatine kinase reaction (was called creatine phosphokinase)

i creatined) Jas=3 jasy

Creatine 7T' Creatine phosphate  creatine phosphated

ATP ADP

Creatine kinase reaction

Normal serum value for CK is 15-100 U/L for males and 10-80 U/L for females

**alall 34 38 5 S0 Jadd & 4 slla ie Normal valued!**

lie Cacls siall unt 3o ol gl



CK and Heart Attack

* CK value in serum is increased in myocardial
infarction

* The CK level starts to rise within 3-6 hours of
infarction

e CK estimation is very useful to detect early
cases, where ECG changes may be ambiguous
* Asecond peak may indicate another ischemic episode
ECGJ el A 43 4als myocardial infarctiond) ¥lal Suall ColSIL aalin Eua aa aga
el 4 axy Cual ) Cade o S i (il 4 Layy AlSe (8 4] Lgie o ppd AUS daunal y e 0 oS5
2" jschemic episode &gas Juiay  pise (aled adi )l aa s Sy 4d) Cuil g MIJ) (e e
 The CK level is not increased in hemolysis or in
congestive cardiac failure
e CK has an advantage over LDH

* The area under the peak and slope of initial rise are
proportional to the size of infarct

“*myocardial infraction = MI / 4253l 435 il =83 = jschemic episode™™

*Laih Gleall agdl €1 Lada (e Jsaall *
Markers of myocardial infarction

Marker Onset Peak Duration
CK-MB 3-6 hr 18-24 hr __ 36-72 hr
Troponins 4-10 hr 18-24 hr 8-14 days
LDH 6-12hr 24-48 hr  6-8 days
AST 24-36 hr 4-5d 10-12 days
Myoglobin 1-4 hr 6-7 hr 24 hr

Uiy CKJ) S5 4 graphdl Jaaduy
Sy MIJ) 2 s She S5

iUl enzymesd!

| I | | I | I | | I | |

g2 ¥ 2 3 4 5 8 T 8 8 10 11 12
Jiay )A;‘y\ 1l Days after infarction
CKJ) 58 53 (s CK ) — | DH
roponin — AST

Time course of CK, LDH, Troponin and AST in blood of Mi
patients



Iso-enzymes of CK

« CKis a dimer; each subunit has a molecular weight of 40 kD

' | 43 58 \ \ \ ' \ itsd)
. The subunits: 3 isozymes | 9355 7o Ay ,MJ) s BJ) 4wa possibled subunitsd

« B (brain) (CK-BB) B+B 43 Gl — (CK-MB) M+B 4 SGl — (CK-MM) M+M 4 Js¥) -
* M (muscle)
* 3isozymes in circulation (CK-MM, CK-MB and CK-BB) (When we measure the activity of CK2 in blood
(CK2 = CK-MB) we will find out that it is 5%, which represent a
* Normally CK2 (heart isozyme) is only 5% of the total activity relatively low activity of the total CK activity)

* Even doubling of the value of CK2 (MB) isozyme may not be detected, if total value of CK alone is estimated
* MBisoenzyme estimation is the best diagnostic marker in Ml

* Estimation of total CK is employed in muscular dystrophies and MB isozyme is estimated in Ml

CK isozyme characteristics s J saall*

s o . ) Iso- Electrophoretic Tissue Mean percen-

7o e lald e MIJ U2l 3 ) shad gl (e (and Jaxd Uy (axi Wl L enzyme  mobility of origin tage in blood
5 (@2 dsadlle o) il A80ke all I 2 1 43Y) CK2J) e 2 288 " (CK3) Least Skeletal muscle  80%
0= identificationd) Adlee J5YL alead Uay I 5,500 allsd odlay Le CK2J) g (cK2) Intermediate  Heart 5%

gl #8 5l Guans pelads (Lo electrophoresisd! G % BB (CK1) Maximum  Brain 1%




*osl i bale (e iy (o) 4 L () 4um e 535 Gala Sl
CARDIAC TROPONINS (CTI/CTT )
* They are not enzymes
* Troponins are now accepted as reliable markers for M

* Measurement of cardiac troponins are among the main tests in
early detection of an ischemic episode and in monitoring

ﬁl&ﬂ\ b u\;.u.u ,0a g b ub.\.u




LACTATE DEHYDROGENASE (LDH) (LD)

* LDH convert pyruvate to lactate

(Aasthae (i baié oW normal valued')
* Normal value of LDH in serum is 100-200 U/L

Values in the upper range are generally seen in children

Strenuous exercise will slightly increase the value  LDHJ! valued) ¢ x5 el d s G <l

LDH level is 100 times more inside the RBC than in plasma  **iege ibaill la**

Minor amount of hemolysis will result in a false positive test

b 7 sk RBCsd! @i s hemolysis sl 13 s 23l | DHJ (and dolee ol ot giraal
Akl 3¢) 8 Widaay IG5 plasmadl LDHJ) A 334 )



(LDHJ' s (,5¥L )

LDH and Heart Attack

 In MI, total LDH activity is increased j TN R REDYE

* H4 isozyme is increased 5-10 times more — = — won

— Troponin — AST

* The magnitude of the peak value and area under the graph
will be roughly proportional to the size of the myocardial infarct

**info from the clinical standpoint is not that important..**

] ] ] ] ) isozymesd) s Lilzd Liagy Al
Differential Diagnosis

* Increase Iin total LDH level is seen in hemolytic anemias, hepatocellular
damage, muscular dystrophy, carcinomas, leukemias, and any condition
which causes necrosis of body cells

 Total LDH is 1 in many conditions — LDH isozyme study is important



LDH isozymes

* LDH enzyme is a tetramer with 4 subunits **4ags alaail) gla**

e Subunit may be either H (heart) or M (muscle) polypeptide chains

* Both of them have the same molecular weight (32 kD), there are minor amino acid variation - 5 combinations of
H and M chains are possible

e H4 (in heart), H3M, H2M2, M3H and M4 (in skeletal muscles) varieties - 5 isozymes
e All these 5 forms are seen in all persons

*% . " py 4 ..i ! .E..S *%*
* The isozymes are usually separated by electrophoresis Olaiedly ol 2815 lan dage | 95&’

cardiac Jb 483y 5 (heart subunitd) () H ( 4355« 48 polypeptide chainsd! JS (LDH-1 / H4J)) aalg Jgf |5 isozymes be 8 <
Jungsdb 25 s« (LDH-3 / H2M2d1) &8l oY1 ) RBCsJ) s cardiac muscled 2 s 5o 4 3 (LDH-2 / H3MJ!) &1 | RBCsd) s muscle
in the other tissues 25> % (LDH-4 / M3HJ) &) Liw skeletal musclesd!s liverdb 25> 9o (LDH-5 / M4d)) gualdd)
* Normally LDH-2 (H3M1) concentration in blood is > LDH-1 (H4)
HAJ) (e el 5% salalls aall (& H3M) S i

* This pattern is reversed in Ml; this is called flipped pattern

* LDH has only limited diagnostic value because its non-specific #* e IS AL AV (¥t



Enzyme Profiles in Liver Diseases

Enzymes commonly studied for diagnosis of liver diseases are:

* Alanine amino transferase (ALT) 1l 5 4 st i) G fiverdl ASe yuas L

* Alkaline phosphatase (ALP) &* eEn go RIS A Y enzymesd) sla
. liverdu JIa ) &aa Js

* Nucleotide phosphatase (NTP)

 Gamma glutamyl transferase (GGT)

)y Caliadl g il 5 sagl) lllul ) agll




*alal) 534 31 ALl

ENOLASE

* A glycolytic enzyme

* Neuron-specific enolase (NSE) is an isozyme seen in neural
tissues and Apudomas

*NSE Iis a tumor marker for cancers associated with
neuroendocrine origin, small cell lung cancer, neuroblastoma,
pheochro-mocytoma, medullary carcinoma of thyroid



Aldolase (ALD)

* Atetrameric enzyme with A and B subunits —» 35 isozymes

* A glycolytic enzyme

*alall normal ranged) ,ald A 5 3
« Normal range of serum is 1.5-7 U/L

* Drastically 17 in muscle damages such as progressive muscular dystrophy,
poliomyelitis, myasthenia gravis and multiple sclerosis ... ,.< < A 53 0 38

* |t is a very sensitive early index in muscle wasting diseases



Enzyme Patterns (Enzyme profiles) in Diseases

I. Hepatic diseases
1. Alanine amino transferase (ALT)
Marked increase in parenchymal liver diseases
2. Aspartate amino transferase (AST)
Elevated in parenchymal liver disease
3. Alkaline phosphatase (ALP)
Marked increase in obstructive liver disease
4. Gamma glutamyl transferase (GGT)
Increase in obstructive and alcoholic liver

Il. Myocardial infarction

1. Creatine kinase (CK-MB)
First enzyme to rise following infarction
CK-MB iscenzyme is specific

2. Aspartate amino transferase (AST)
Rises after the rise in CK and returns to
normal in 4-5 days

3. Lactate dehydrogenase (LDH)
LDH-1 becomes more than 2 (flipped pattern)

. Muscle diseases

1. Creatine kinase (CK-MM)
Marked increase in muscle diseases.
CK-MM fraction is elevated
2. Aspartate amino transferase (AST)
Increase in muscle disease; not specific
3. Aldolase (ALD)
Earliest enzyme to rise, but not specific
IV.Bone diseases
1. Alkaline phosphatase (ALP)
Marked elevation in rickets and Paget's disease
Heat labile bone isoenzyme is elevated (BAP).
V. Prostate cancer
1. Prostate specific antigen (PSA)
Marker for prostate cancer.
Mild increase in benign prostate enlargement
2. Acid phosphatase (ACP)
Marker for prostate cancer. Metastatic bone
disease especially from a primary from prostate.
Inhibited by L tartrate.

Sladldl jsozymes (e 4adde LS5 A sa Jsandly 81 S Liagy JI**
pele 35S 50 5l aa S3 @i le Ll LDHJ s CK-MBJ) e ¥l s 8
S agale )5S yila i

Enzymes in other body fluids

Enzyme Clinical significance
Adenosine Elevated in tuberculous
deaminase in pleural effusion, but not in
pleural fluid malignant effusion.

Lactate dehydro-
genase in CSF,
pleural fluid,
ascitic fluid

Elevated levels indicate the
presence of a malignant
tumor. But not diagnostic,
as the enzyme is not tissue
specific.




Enzymes as Therapeutic Agents

» Streptokinase (from Streptococcus) or

= . . **.Lé; A;M**
Urokinase (from urine) can lyse intravascular > I3
clots and are therefore used in myocardial e
infarction IR . e leukemia
’(CIOtSd\) LES_;J\ 4\,1\5? Mld\ oM i} Li'-'m e.. R B 915 2. Streptokinase To lyse intravascular clot
(Percutaneous coronary intervention) PCIJL allasiv) 23 Wlls (<] 3. Urokinase o
4. Streptodornase DNAse; applied locally
 Pepsin and trypsin are given to patients with = it R b o
defeCtlve dlgeStlon 6. Papain Anti-inflammatory

7. Alpha-1-antitrypsin  AAT deficiency; emphysema

» Asparaginase is used as an anticancer
drug

olia yig i lal L8868 LIS 5 ) sal clengind 3l aglll




Enzymes Used for Diagnosis

Enzyme Used for testing
Urease Urea

Uricase Uric acid
Glucose oxidase Glucose

Peroxidase

Hexokinase

Cholesterol oxidase
Lipase

Horse radish peroxidase
Alkaline phosphatase
Restriction endonuclease

Reverse transcriptase

Glucose; Cholesterol
Glucose

Cholesterol
Triglycerides

ELISA

ELISA

Southern blot; RFLP

Polymerase chain
reaction (RT=PCR)




,protein (= enzymesd) 43 L)

Immobilized Enzymes (soluble in water e s ool

* Enzymes have been fixed or rendered insoluble by attaching them to
iInsoluble matrix such as plastic beads or cellulose strips

insoluble 42 » enzymesd) | s a7 insoluble 2 » a« attachment s Jba 131 (S

* These strips are used for detection of abnormal substances in blood

or urine diagnostic tests ,aiSs AV pala (e ndlad (Saa

* Immobilized urease, hexokinase, amylase etc. are also used for
diagnostic purpose



Co-J) Lt | inorganic Co-factorsd! s» heat stabled) g sxa se Ll Lua
el 43) LB 8 5 S = ) (o proteins ) a8 el )84 enzymes

COenzym eS , extreme temperatured | s 12513 enzymesd s denaturation

Co-factorsd! (& (s 13l heat stabled

* Are heat stable, low molecular weight non-protein compounds
e Strictly required by some enzymes for their actions
* Actions of coenzymes: function as group transfer agents

* Important: co-factor is used as a collective term to include co-
enzymes and metal ions. Co-enzyme is an organic co-factor.

*heat stable 0sS: a3 ¢4 inorganic cofactor ¢! @ note*



Cofactors

Cofactors: organic or inorganic
molecules that are required for
the activity of certain enzymes

Haloenzyme: refers to the active
enzyme with its non-protein
component (cofactor)

Apoenzyme: enzyme without its
cofactor and is inactive

Prosthetic group
- Tightly bound to
the apoenzyme by
covalent or non-
covalent forces

- Loosely

bound to the
apoenzyme

- Containing cations
that are tightly bound
to the apoenzyme

- They participate in
catalysis

- Containing cations
that are loosely bound
to the apoenzyme

- They participate in
substrate binding



Coenzymes

* Are regarded sometimes as second substrate:

* Chemical changes in co-enzymes are opposite the substrate (if substrate is oxidised coenzyme
is reduced)

e Reaction in coenzyme is sometimes of greater physiological importance than substrate

* Coenzymes are required by:
e Oxido-reductases
* Transferases
* |somerase
* Ligase

* Coenzymes are not required by:
* Hydrolases
* Lyases

AlalS Dy Adije 40 5 Audl iy 48lA dae sdasn g ) lan




LS Jada Lol laiedl] Jan age 4K AL

Coenzymes are classified into

One co-enzyme molecule can work with
different enzymes

* Involved in hydrogen or electron transfer Siicaialiehae B ohasnnals
. . . . . dehydrogenase
Nicotinamide nucleotides (NAD, NADP) Giveoraliohyde 3P X TR -
* Flavin nucleotides (FMN, FAD) m
e Glutathione NAD'  NADH+H'

 Coenzyme Q U
Lactate « Pyruvate

Lactate dehydrogenase

e Involved in transfer of other groups

* Thiamine pyrophosphate (carries alpha keto acids and glycoladehyde)

* Pyridoxal phosphate (carries amino acids and amino groups)

* Coenzyme A (carries carboxylic acid)

* Biotin (carries carbon dioxide)  (biotin 4 a5~ carbon dioxide 4 reaction )
» Tetrahydrofolic acid (carries one carbon unit)

* Adenosine triphosphate (ATP) (carries phosphate)




Metallo-enzymes: These are enzymes which
require certain metal ions for their activity

*ragas bis sl Taple 5.2. Metallo-enzymes

Metal Enzyme containing the metal

Zinc Carbonic anhydrase, carboxy peptidase,
alcohol dehydrogenase

Magnesium Hexokinase, phospho fructo kinase,
enolase, glucose-6-phosphatase

Manganese Phospho gluco mutase, hexokinase,
enolase, glycosyl transferases

Copper Tyrosinase, cytochrome oxidase, lysyl
oxidase, superoxide dismutase

Iron Cytochrome oxidase, catalase,
peroxidase, xanthine oxidase

Calcium Lecithinase, lipase
Molybdenum Xanthine oxidase

ad) sala e Jod%8 | Caagd s culaia g <l 85 sy Le e ginl ) agll




