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ABSTRACT

A STUDY OF THE DIFFERENCES IN THE KINETIC PROPERTIES
OF HUMAN CREATINE KINASE ISOENZYMES

. by :
Georges Lindsay Chgng

Creatine kinase isocenzymes f#om‘hgman,gkeleﬁal muscle,
heart and brains were purified to.homogené}tf by using a
combination pf.isolation techniques that included (NH4)ZSO4‘
angd- ethanol fractionations, Sephadex G-100 chromatography, .
DEAE-Sephadex A-50 chromatograph§ and Affi-Gel Blue affinity’
chroﬁatpgraphy.

" The substrate affinity ofithe individual CK isoenzyme

for creatine pHoSphaté was re-examined using the optimized

-

~coupled assay recommended by the Scandinavian Committee on

. Enzymes. The Km values calculated revealed small but

reproducible differences in substrate affinity for the

diffefent isoenzymes.

Measurement of the CK-B subunit in a preparation of
purified CK-MB, by an immunoinhibition method which made
use of anti-CK-MM antibodies, indicate that the activity

of the CK-M subunit is about cne and a half times greater
3 )

than the CK-B subunit, under the specified conditions. . This

suggests that the CK~-B subunit is'greatly inhibited by this

assay system.

= iv

.
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CHAPTER I
v INTRODUCTION .

- A, GENERAL

A knowledge of the multiple molecular forms of enzymes
- currently named isoenzymes - has opened new perspectives
in molecular pathology. Isoenzymes catalyse the same main
reaction, but differ in certain biochemical and physical
aspects. These include pH-optimum, thermostability, amino-
acid composition, different affinities fo; substrates or
coenzymés (expressed as differen;es in Michaelils constants),
different reactions towards inhibitors - including excess of
either substrate or product, different catalytic efficiency
expressed as a turnover number df substrate per molecule
enzyme per minute, and possibly allosteric influences as
well (1). It is now well known that these moldcular forms
may vary according to tissue, age, and also in some
pathological conditioné.

Isoenzymology is now finding its way into many areas,

for-instance, into the field of inherited metabolic diseases.

An enzymatic defect, being rarely complete, seems to indicate

Sém

24



that e€ither the aberrant gene Es not entirely silent but
directs -the synthesis .0of a functionally related protein,’ or
that the function can be taken over by other similar
proteins.

Of direct interest to diagnostic biochemistry is that
part of iéoenzymology concerned with the specific detection
of tissue changes. Necrosis, membrane permeability changes
or just an increase in tissue mass can often be revealed by
isoénzyme analysis of fluids in more or lTess direct contact
with the affected organs (2}). Determination of the serum
isoenzyme pattern is often a valuable aid in directing the
physician's attention to one particular tissue; moreocever,
the isoenzéme pattern may show abnormalities while the total
serum enzyme is normal (3}. :

"Creatine kinase iscenzymes" or "multiple forms of
creatine kinases" in a number of different tissues have been
described by several authors (4—8)‘who Eade use of a wide
range of separation techniques. The creatine kinases represent

a heterogeneous group of enzymes containing at least four

"well-defined isoenzymes. .

B. CREATINE KINASE

~

-~

In 1934, Lchmann (9) was the first to éhow that skeletal
muscle extracts catalyzed the phosphorylation of creatine by

ATP. Soon after Lehmann (10) established the naﬁure of the



reaction and it was found that the following reaction

occurred:

ATP + creatine —RDP + creatine phosphate

The enzyme catalyzing this reaction has been.known under
different names: the Lohmann enzyme, qreatine kinase, creatine
éhosphoﬁinase, creatine phosghopherase, ATP-creatine
bhosphopherase, creatine phosphoryltransferase, and ATP-
creatine transphosphorylase. In_this work, itlwill be referred
to as c?eatine kinase (ATP: creatine. phosphotransferase,

EC 2.7.3.2). : )
C. CREATINE 'KRKINASE ISOENZYMES

The heterogeneitv of creatine kinase was first established
by Burger (11). It was later shown that creatine kinase exhi-
bited three electrophoretically distinguishable isoénzymes {(12).
These multiple molecular forms of creatine kinase are hybrids
of parent subunits which combine to form active dimers (13).

The mechanism controlling the formation of these systems remains
unknown. There are two primary parent subunits of creatine
kinase which combine together in groups of two to give the ‘
enzymic dimer. These two primary parent proteins have been
designated M and B as they are individuallf prominent in

muscle and brain,respectively. Varving the combination of

these subunits results in the occurrence of three isoenzymes
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designated the MM (CK-3) muscle, MB (CK-2) heart, and BB
(CK-1) brain forms. .These isoenzymes are found in differing
proportions in various tissues (14,15). The MM isoenzyme
occurs in large quantities in skeletal muscle, whereas the
BB isoenzyme occurs largely in the brain. The CK-MB form is
found ‘predominantly in heart muscle.

The isoenzyme composition of the serum was first shown

"to be of considerable diagnostic value, especially inkthé

diagnosis of myocardial infarction (16). This discovery
promptéd the further study of variations in the isoenzyme
content of the blood serum.

Further studies have shown that creatine kinase iso-
enzymes differed froﬁ each other in a variety of respects
other thén in their electrophoretic and chromatographic
properties. Differences in ch;mical composition {17),
substrate specificities (18), thermal stabilities -(19),
stabilizing effect of thiols (20), and susceptibilities té

inhibitors (21) have been reported. Moreover, a high degree

of immunochemical specificity has been observed: antisera

have been prepared which inhibit the action of particular

isoenzymes without affecting that of others (22). .

D. THE MITOCHONDRIAIL CREATINE KINASE ISOENZYME
A distinct form of creatine kinase has been found in the

mitochondria of human heart (23), brain (24), and liver (25).



It is known as mitochcndrial creatine kinase isoenzyme
(CK-Mt). CK-Mt is a dimeric molecule made up of two
identical subunits. Its molecular mass is‘ideﬁtical to
that of the cytoplasmic iscenzymes, but the amino acid
composition and the amino-terminal amino acid differ from
those of the other creatine kinase isoenzxmes (25) .
Electrophoretically, it moves cathodally compared to CK-MM.
CK-Mt does not react with either anti-CK-M or anti-CK-B
antibodies, and no hysrid formatibn occurs with CK-MM or
CK-BB. CK-Mt not only occurs in the dimeric state but also

in theoligomeric state with a higher molecular mass (26).

E. CREATINE KINASE VARIANTS

Electrophoretic creatine kinase isoenzyme separationﬁ .
revealed an "atypical CK" band moying between CK-MM and
CK-MB. This band has been reported-in about l.of 1000 cases,
and is often confused with the CK-MB isoenzjme (27).
Immunoinhibition studies have shown it to be CK-BB activfiy:
and it was termed "idiopathic serum CK-BB". Both atypical
CK and idiopathic CK-BB turned out to be in many cases a
macromolecular form of CK-BB, produced by linking CK-BB to IgG
immundglobulins, and termed "macro CK" (28,29). In addition,
Yuu et al. (30) re@orted on the formation of a macro CK

complex between IgA and CK-MM in three.cancer patients.

During further investigation, another form of macro-
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molecular CK was found, which is not an immunoglobulin complex
but is closely related_tb mitochonérial CK. For differentia-
tion, these two forms have been named macro CK type 1 and

type 2, respectively (31). The macro CK type 2 éorm migrates
cathodally or very close to CK-MM (25). The macro CK type 2
is very probably oligomericmitochondrial CK. Both macro CK
type 2 and freshly prepared CK-Mt show a greater molecular
mass than the usual dimeric creatine kinase isoenzymes (25).
The activation energy of macro CK type 2 and CK-Mt are similar
and much greater than for all other oreatine kinase iso-
enzymes (32).

Although the macro CK types reveal themselves bv their
abnormal migration pattern on electrophoresis, two relatively
simple tests can alsc be utilized to differentiate between
them and the other soluble isoenzymes. Both the macro CK
types 1 and 2 are much more heat stable than CK-MB and CK-BB,
and so by heatihg samples for 20 min at 45°C the presence of
thermostable macrotypes.can be demonstrated (29). Macro CK
type 2 can be differentiated from macro CK type 1 and the
"free" ¢K isoenzymes by its much higher activation energy (32).

Creatine kinase isocenzymes can épparently form complexes
with lipids or lipoproteins in the free state (33) as well as
in the macro state (34).

Genetic variants of creatine kinase have been found in

some families whose blood cells (which do not normally show



7
CK activity) contain CR ii?enzime activity, mostly of the
BB type {(35). BAnother tvpe of genetic variant ma& be the
rise of lymphécyte clones pfoducing CK-BE in patients with

lymphoblastic lymphosarcoma (36).

F. ISOENZYME DISTRIBUTION

Creatine kinase isoenzymes are found in differing
proportions-in various tissues. The results of somgl
guantitative studies show considerable discrepancies between
the‘values obtained for the same tissue by different investi-
.gators (14,15,37). These may be partly due to variations in
technique and in the treatment of the\specimen hefore
elgctrophoresis, and also possibly to disproportionate loss
of the more labile, fﬁst-moving BB isoenzyme. Othérllikely
causes of variation, especially in the case of human

f
specimens, include post-mortem autolysis and contamination
of certain tissues with blood. Despite these anomalies,
there is broad agreement that in the heart, the hybrid form

CK-MB predominates.

L4

G. TECHNIQUES FOR THE SEPARATION OF CREATINE KINASE

ISOENZYMES

The separation of creatine kinase isoenzymes can be
achieved by several different preccedures: (1) electrophogesis}w
(2) iscelectric focusing: (3) ion-exchange chromatography;

(4) affinity-chromatography.
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1. Electrophoretic Techniqués

The development of simplified procedures for the zone-
electrophoretic separation of serum proteins during the -
early fifties provided a.convenient means for the separation
of isoenzymes. 1In fact, the existence of creatine kinase
isoenzymes was first demonstrated by electrophoretic
separaticn on égar gel (11). Ip recent yearé, however, a
number of alternative methods employing a variety of
supporting media, namely, cellulose acetate (38), agarcse
(35), starch gel (40), and polyvacrylamide (%l) has been
introduced.

Cellulose acetate and agarose are most comﬁonly used
in clinical laboratoriés since complete kits are available
commercially. Both methods usé the Rosalki's system ﬁor
the visualization of the separated isoefhzymes under ﬁv

light.

2. Iscelectric Focusing

Isoelectric focusing in sucrose density gradient has
been used for the isolation ¢f CK-MM isoenzyme from human
serum (42). It was found that the CK-MM isoenzyme has pI
yalues between 6 and 7. The MB iscenzyme appéars to have
its isoelectric point near pH 5.2.

Agarose gel isoelectric focusing of-cfeatine kinase

isoenzymes has also been reported (43). This technique
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is an analytical procedure with a high resolution, often
exceeding that obtainable by means of electrophoresis.
Using this technique, sub-bands of the CK-MM isoenzyme

have been demonstrated in various human tissue extracts

v .
{43). N

3. TIon-Exchange Chromatog;aphy

The application of ion-exchange column chromatographic
procedures has enabled the various fracticons of creatine
kinase isoenzymes to be separated on a preparative scale.
DEAE-Sephédex and DEAE-Cellulose were the first ion-exchange
resins used in the purification of tissue isoenzymes of
creatine kinase (44,45). Since then, other more efficient
resing have been developed, namely, DEAE-Sepharose CL-6B
(46) .

A simplified 'Batch' procedure for the differential
determination of serum creatine kinase isoenzymes has been
reported.(47). This technique utilizes BioRad macroporous,
strongly basic anion exchange resin AGMP—L CK-MB and CK-BB

are bound to the resin while CK-MM is not.

]
4. Affinity Chromatography

Creatine kinase from human skeletal muscle has been

‘ purified by an affinity chromatography technique (48). The

enzyme was retained on a column of p-mercuribenzoate-2-

aminoethyl-Sepharose and was selectively eluted with a
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10

X3

gradient of 2-mercaptoethanol. ' L

g

/3
LY

Other affinity ligands used in the purification of
creatine kinase include 8-azZo-ADP-, B8-azo~ATP~, 8-{6-"
éminohexylamino)—ATP—, and 3—(aminopyridine)-AD+—Sepharoses.
Using these ligands, the enzyme can be eluted with an

appropriate ATP gradient (49).

H. STABILITY OF CREATINE KINASE ISOENZYMES
The measurement of creatine kinase activity and con-

sequently‘the clinical interpretation'of such mea;uremen

are often affected by the rapid inactivation of the enzyme

in serum (50,51). Creatine kinase undergces two types of

inactivation (52). One is -irreversible and highly temperature

dependent (53), the other is reversible and may be affected

by thicl compounds, via the deblocking of sulphydryl groups

at the active site of the enzyme molecﬁle (54).5
A considerable frgction1of enzyme activity is lost

when blood specimens are drawn (55). Szasz éE al. (55)

observed 30 to 80% reversible inactivation within 20 min

of blood sampling, especially in sera from patients with

myocardial infarction - which contain the MB iscenzyme.

It is believed that the creatine kinase-containing cells

release the enzyme which is already partly in the inactive
form or it is inactivated in the circulation. In any case,

cell damage is only reflected by how.much enzyme is spilled
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into the circulation and not by how much is active.
Maximum reactivatjon and protection against inactivatiom—

between blood sampling and activity measurement is, there-

. fore, very important not only to reproducible results, but

also for intelligent clinical interpretation of the creatine
kinase activity in serum.

All three isoenzymes of creatine kingse are affected by

temperature. There is an increasing stability in the sequence: *

BB, MB, and MM isoenzyme. Above 30°C irreversible inactivation
is very rapid, even in the presence of thiols f55). The
endogenous MM iscenzyme in serum is'the-most stable and needs
no thicl protection below 30°C. It is, therefqre, necessary
to cool the specimens below 30°C as soon as possible after
blood sampling. It is,.in fact;common practice to freeze the
specimens for CK-MB measurement.

Thiols greatly increase the stability of the BB and MB #

isocenzymes at 30, 25 or 4°C, if the thiol concentration is

adequate (55). N-Acetylcysteine is the thiol compound which

_ *Hba‘been most widely used for the protection and reactivation

L

Y

of the CK isoenzymes. Other‘thioi compounds which have been
used include glutathione (56), 2-mercaptoethanol (57),
1-thioglycerol (58), dithiothzeitol Y59}, and, 8 -D-

thioglucoée (58).

L]
Serum pH is also critically important to the stability

- of human creatine kinase activity. The.pH of sera left in

plastic sample cups overnight can increase by as much as 1 pH

AY
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unit because of loss of CO2 (60). As the pH of serum in- ‘

creases above 7.0, thé creatine kinase activity becomes less

stable. X pH of 6.5 is recommended as the best storage pH_
for the creatine kinase isocenzymes (61). &

Several stuﬁieg have recomﬁended the addition of metal
chelators such as_ethylenédiamine tetraacet;te (EDTA) or
ethylene-glycol-bis—(S-aminoethylether)-N;N,N’,N'—tétraacetate
(EGTA) to either the creatine kinase assay mixture (62-64),
or to the sample prior to sto;age (65,66). The need for
sugh chelators has. been propgséd because of the inhibitory

2* on the CK (62,64). ,

effect -of éa
The effect of Ca2+.is greatest on human CK-BB (ki = 0.95

mmol/L) and least onvhuman CK—MMh'(ki = 4,35 mmoi/L), the

effect on CK-MB being intermediate (Ri = 1.85 mmol/L) (67).

f s A A+ ..
Ca2+ acts as a competitive inhibitor of M92 for the activity

of creatiﬁe kinase-(GB). EDTA has a greater affinity for Ca2+
than for Mg2+, and therefore addition of *EDTA minimizes the
amount of "free" Ca2+ competing with the available Mg2+. EGTA,
in contrast to EDTA, binds Ca2+ ions more specifically and
hence does ﬁot chelate the Mg2+ ions necessary for creatine

. L \ : i} —
kinase activity. .

Based on previous studies and on his own, NQESOH et al.

(61) concluded that for the protection of the stability of
CK,'monoﬁhioglycerol waé the best thiol agent, EGTA the best

chelator, and 6.5 the best storage pH. The effect of these
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parameters is more marked@ on the CK-BB isoenzyme.

I. DIFFERENCES IN AMINO -ACID COMPOSITION

The cccurrence of isoenzymes very often involves varia-
‘tionlin the primary structure of the enzyme protein. =Such a
mechanism has been established to account fgr the existence
of the isoenzymes of creatine kinase, three electrophoretically
and chromatographically distinct forms of which occur in human
tissues (19,69).

Studies en the aminO‘acid composition of the various
isoeﬁzyﬁes reveal the occd;rence bf‘a‘larger number of basic
aminc acids in BB than in MM, thus explaini;g its faster electrto-
phoretic mobility; Also, the absence of a tyrosine residue in
*human BB is in contrast to that of the MM form. The amino acid—

composition of human CK-MM and CK-BB are shown in Table I.
. Y

J. PHYSIOLOGICAL ROLE OF THE CK ISOENZYMES

The cellular functions of the creatine kinases are now
better understcod & after the stuéies of Saks et al. (70}). It
has been,shownfthat creatine kinase MM is bound to the myo-
fibrils, sarcopiasmic reticulum, and pldsma.membranes of
cardiac and skeletal muscle cells (70). In cardiac muscle,
creatine kinase MB is also located®on tﬁ? mycfibrjls.

It has been suggested that ATP produced within the

mitochondria by oxidative phosphorylation is transported



TABLE I

AMINO ACID COMPOSITICN OF
HUMAN CK ISOENZYME

Amino acid/

MM BB
mole enzyme -
Asp 76.7 85.9%
Thx ’ 39.0 30.0
Ser 48.9 42.2
Glu 76.5 74.10
;Pro 36.9 36.0
Gly ' 64.4 : 70.4
Ala 30.5 : 40.8
val . 58.3 42 .4
Met 16.6 19.5
Ileu 22.8 : 21.4
Leu , 63.2 72.1
Tyr . 15.7 none
Phe N 25.8 29.3
His 3%9.2 1%.2
Try 6.2 -¢
Lys 69.7 38.5
Arg 35.0 29.7
Cys 6.4 ~C
Amide : -c -€
Total 732 ¢
Molecular 81,800

weight

4asp + Asn.
bGlu + Gln.
“Data not available

Sources: A. Warren, W. A. (1573) Prep.
Biochem. 3, '199-208

B. Zweig, M. H., van Steirteghenm,
A. C. & Sgchechter, A. N. (1978)
Clin. Chem. 24, 422-428
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across the inner mitgochondrial membrane by an ATP-ADP trans-
locase. Mitochondrial creatine kinase (CK-Mt) bound to the
e*terior_surface of the inner mitcchondrial membrane,
catalyzes the phosphorylation of creatine to form ADP and
creatine phosphate. The ADP is récycled into the mitechondria
for oxidative phosphorylation via the translocase. The crea-

tine phosphate diffuses into the cytoplasm, where it serves

as a substrate for the cytoplasmic creatine kinase MM and MB.

K. 'DIAGNOSTIC SIGNIFICANCE OF CK ISQOENZYMES

1. Myocardiai Infarction -’

Human myocardiﬁm contains creatine kinase activity of
about 1600 U/g, about 20 percent of Phe activity being.
contributed by CR-MB (65). Elevated serum CK activity as an
index of hyocardiai infarction was first described in 1960
(71) and was found soon after to be a sensitive test for the
detection of acute myocardial injury with positive results
~in 95 to 100 percent of patients (72).

Total serum CKlactivity generally increases 4 to 8 h
after the onset of chest pain, peaks within 12 to 24 h, and
returns to the norm;l range within 72 to 96 h (73). However,
despite ité sensitivity; elevation of total serum CK activity
lacks specificity for the diagnosis of acute myocardial
" infarction since-activity also increases in many noncardiac

disorders (74) .
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Analysis of serum CK isoenzyme profiles provide more
specific diagnostic information regarding myocardial
infarction (75}). The results of analysis of CK isoenzyme
profiles in human tissues and in serum afté} ihjury to
skeletal muscle suggest that elevated serum CK-MB is a
virtually specific index of injufy to myocardium (76). The
level of CK-MB in a sample is dependent upﬁn the time at
which-the sample is taken after myocardial infarction.
Samples tagen too early or too late may give normal CK-MB
values in spite of the incidence of myocardial infarction

(77) .

2. Other Céfdiac Disorders

Eesides myocardial infarction, a number of other‘
cardiac disorders can affect -the levels of creatine kinase
and the MB-iscenzyme. Angina, cordﬁary insufficiency and
congestive c;rdiac failure can increase CK activity (78,79).
Pulmonary embolism and myccardial infarction are often con-
cu;rent and one may serve as a complicatiné feature of the
other (80). Acute inflammatory myocarditis exhibits an
isoenzyme pattern which can often resemble that of myo-
cardia; infarction (81). Cardioversion, which is used to
correct cardiac arrhythmias by gubjectin% patieﬁtsvto
electric countershock, is known to ingrease serum creatine
kinase activity (82,83). However, the increase in the MB
~iscenzyme is much less than that observed in myocardial

infarction. ,
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3. Muscle Disorders

The measurement of serum creatine kinase activity was
first used to detect patients with progressive muscular
dystrophies (84). Raised serum creatine kinase activities
are often observed in the sex-linked forms of muscular )
dystrophy, Duchenne Muscular Dystrophf and Becker Muscular
Dystrophy (85). It has been repbrted that the prenatal
diagnosis of Duchenne Muscﬁlar Dystrophy by intréuterine
fetal blood sampling may be possible (86), and successful
applications of such techniques utilizing creatine kinase
measurements have been reported (87).

Other muscle disorders such as polymyositis (88),
rhabdomyolysis (89), acromegalic myopathy (90), hypokalemic
periodic Paralysis myopathy (91}, viral myositis (92), and
alcohol myopathy (93) have been described as causing in-
'cregéed creatine kinase activities and in some cases elevated

creatine kinase-MB has been detected.

4, Effect of Surgery

Creatine kinase iscenzyme MB is important in the
assessment of myocardial infarction, but this isoenzyme is
also present in skeletal muscle and can be released into
the circulation when severe muscle trauma occurs as, for
instance, during surgery (94,95). The level of creatine
kinase MB in serum after surgery varies considerably, but

it is found increased mostly in coronary artery surgery
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(96), aortic valve surgery (97), and coronary-artery

bypass surgery (98).

5. Malignant Hyperthermia _

Malignant hyperthermia or hyperpyrexia, induced by
anaesthesia, is characterized by a rapid rise of bddy
temperature, acidosis, hyperkalaemia, and muscle rigidity
(99). The condition is inherited as an autoéomal dominaﬁt
characteristic (100). 1In susceptible pétients, serum
creatine kinase activities can be elevated. Creatine kinése
can reach very high levelé and peiks 24 to 48 h following an
acute crisis (101). c "

The isoenzyme pattef; in the serum of malignant hyper-
thermia patients has not been clearly resolved, and a number
of studies made mention of the presence of all three iso-
enzymes (102). Other workers have only been able to demon-
strate an increase in creatine kinase MM (103). The use of
different separation techniques may be tﬁe reason for the

ancmalies.

6. Thyroid Disorders

The association between creatinuria and thyrotoxicosis
(104) led to attempts to establish a correlation between
my;pathy and hyperthyroidism (105).‘ As urihary creatine is
primarily of muscle origin it was proposed‘that serum

creatine kinase levels might be increased (106). Hypothyroid
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patients have been foupd to have elevated serum CK levels
(107). Subsequent studies of serum CK activity in
euthyroid, hyperthyroid and hypothyroid peoble have shown
an inverse rela£iénship between serum enzyme activity level
and thyroid status (108). Aquaron et al. {109) did not
confirm ?his general iﬁverse correlation but did show a
marked asscciation between clinical hypothyroidism, or
reduced plasma protein bound iodine (PBI) concentration,
and elevated serum CK activity. Only the CK-MM is present
in these disorders. |

Thyroid disorders produce an increase in serum CK level
because of a toxic effect upon muséle. Myopathy of chronic
form is coﬁmonly seen in thyrotoxicosis (110). ‘Patients with
hypothyroidism may present with muscle pain and weékness,
acroparaesthesiae or less commonly, definite myopathy (111).
Since skeletal muscle is involved,—zhis explains why the CK‘

isoenzyme present in these diseases is predominantly MM,

7. Effect of Exercise

Increases in creatine kinase activity due to exercise
have been reported (112,113), and seem to vary.considerably.
Comparison of a group of Olympic athletes with untrained
academics has led to the suggestion that changes in creatine
kinase activity could be used as in index of physical fitness
attained by an individual (114). It is believed that con-

ditioned skeletal muscle has an increased availability of



ATP which is able to maintain the integrity of the cell

membrane during work and thus reduce enzyme efflux (115).

8. Brain Injury

High CK-BB isoenzyme activity in\cerebrospinal fluid
(CSF) has been demonstrated in patients with various
neurological diseases and is considered to reflect brain
damage (116-118),

Due to the extreme instability of -the CK-BB isoenzyme,
enzymatic activity tends to decrease very répidly in speci-
mens drawn. A very acute fall in activity to 3 percent of
the initial value 24 h later, has been reported (118).
Therefore, the time passed:between the insult and the lumbar
puncture has to be taken into consideration if CSF-CK
activity is to be used as an indicator of brain damage.

Increased total CK activity in the CSF has also been
reported in bécterial meningitis (118). A large percentage
of the activitf was accountea for by the increased level of
CK-BB isocenzyme.

Using a radioimmunoassay technique, serum CK-BB has
also been shown to increase rapidly after gerious head
injury reaching 30 to 40 times the mean control value (120).
Radioimmunoassay is proving to be a useful technique in
detecting the presence of the CK-BB iscenzyme since it
measures the protein mass and not the enzyme activity, hence

overcoming the difficulty of assaying an unstable enzyme.
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9. Tumour-Associated Creatine Kinase

In recent years, several reports have accumulated on
the elevgted levels of creatine kinase in the plasma of
patients with carcinomas (121-124). Most of the data
available are from studies on prostatic carcinoma. Prostatic
tumour homegenates have significant creatine kinase BB and it
has been suggested that a correlation could exié% 5etween the
amount of creatine kinase BB isoenzyme and tumour activity
(125).

‘The CK-BB iscenzyme has been classified as a feto-
placental protein because it is the fetal .form of creatine
kinase (126). In tumour growth, as de-differentiation takes
place, the fetal enzyme form is produced. One of the reasons
why elevated creatine kinase BB levels have not been found in
all cases of carcinomas is associated with its instability in
serum (55). -

Although creatine kinase BB is svnthesized by tumours,
it is quite widespread in its distribution (37). This has
been the cause of problems with.interpretation of elevated
plasma levels of créatine kinase BB. Measurement of this
isoenzyme is probably more useful as a tumour marker when

it 1is wused in combination with other biochemical tests.

10. Miscellaneous Conditions
High serum levels of creatine kinase in patients with

Reye's syndrome have been reported (127). The. isoenzyme
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pattern obtained shows the presence of all 3 isoenz?mes

(127), but there is a predominance of the CK-MM isoenzyme

— -

in all the reported cases.

It'Has been suggested that measuriné the creatine kinase.
isoenzymes may aid in determining the severity of certain
liver diseases (128).

During normai childbirth, increases in serum creatine
kinase of up to 6 times normal have been observed and the
activity returns to normal after 6 weeks (129).

Serum creatine kinase can be frequently elevated in
cases of wasp/bee stings with the increased activity being
due to damage to muscle fibers (130).

Due to the abundance of creatine kinase in many tissues, -
elevated levels of ghis enzyme have Been described in many
cogditions. However, the data are not conclusive enough to

be#Ef any diagnostic value.

L. METHODOLOGIES FOR THE QUANTITATION OF CK ISOENZYMES
 The studies of isoenzymes can be diyided into two
classes of methods. The first c1¥%ss of methods rests on
classical procedures for protein separation, which are often
followed by a conventionhl assay of the isolated fractio;;.
This class includes electrophoresis, ion-exchange, etc.
The second class of methods relies on differential

‘enzymic or immunologic behaviowr to reveal the composition

of a mixture of isoenzymes. It makes use of the fact that
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activity and specificity sites, as well as immunqgenic sites
are modulated by protein structure. This class includes
differential activation, immunoinhibition, radicimmunocassay,
etc.

The methods used in the study of creatine kinase iso-
enzymes fall into both classes. The value of separating the
isoenzymes for diagnostic purposes is well established (76,
131). The quantitation of the CK-MB isoenzyme for the moni—

toring of myocardial damage is of special clinical importance

- (81).

Creatine kinase activity can be determined by end-point
or bylkinetic procedures. Earl¥y methods for determining CK
activity involved:

1. Coupling ADP production to NADPH oxidation (132).

which results in decreasinq'absorbance at 340 nm.

2. Reacting the phosphate formed with ammonium

molybdate tc form a blue complex read at 690 nm.
(1333.

- ) 4 » >
3. A colorimetric assay for creatine which forms a red

complex with a-naphthol and diacetyl having maximum

absorptiocn at 520 nm (134).
4. A fluorimetric method based on a reaction between

creatine and ninhydrin in strongly basic medium

(135).
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However, the most commonly utilized method is the Qhe-

designed by Oliver (136),modified by Rosalki (137), and 1ater

Optlmlzed by Szasz (138). In this assay, the ATP released in

the reverse reaction of creatine kinase is coupled to

auxiliary reactions catalyzed by hexokinasei(HK) and glucose-

6—phospﬁete dehydrogenase GGPDHi where the NADPH produced is

a sensitive and direct measure of creatine

-

_kinase activity:

: ; ' CK
Creatine-phosphate + ADP -———— Creatine + ATP
ATP + D-Glucose _ HK

—_—

~ADP + D-Glucose“-
6-phosphate

D-Glucose—6-phosphate + NADP+ &EEEQE, NADPH + H+ + D-

Glgcono—ﬁ—lactone-6—phosphaté

More recently, a blolumlnescence assay in which the ATP

formed in the reverse reactlon is measured by means of flrefly

1uc1ferase {(139) has been proposed. The light emission is

proportional to the amount of ATP present:

ATP + Luciferins + bz 1Uleerasgﬁ-Oxyluc1fer1ns + AMP +

PPi + CO2 + H20

The presence of the CK-MB isoenzymé in the serum is a

sensitivée and specific marker of myocardial infarcticn

(74,75). Various methods have been introduced for the

isolation and quantitation of this isoenzyme. These are

briefly reviewed.
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M. DETERMINATION OF CK-MB ISOENZYME IN SERUM

The methods currently utilized to sepérate and to
quantitate the CK-MB isoenzyme include: :

1. Electrophoretic separation

2. Ion-exchange procedureg'

-

3. ImmBgological methods

- - -

. 4. Differentiai isoenzyme acﬁivity aésays
5. Radioimmunoassay
Electrophoresis is one of the earliest methods used
to separate the isoenzymes of creatine kinase. It is
usually carried out on cellulose acetate strips Or agarose-
gei. The separated isoenzymes. are visualized under uv
light by first reacting them with the éoupled—assay system
of Rosalki (137). Although technically simple, electropbdresié_
ié less sensitive than chromatography (140). It is at best
semi-gquantitative. However, its main aavantage is that the
separated isoenzyme bands can be visuvalized, and any extra-
neous or abnormal band is readily detected. This is<gf
importance, especially in casés'where.IgGFCK-BB complexes
are present in serum and may be mistaken for CK-MB by the
other”éssay methods (27,141). -
Separationvof CK-MB by chromatography on anion-exchange
mini-columns (44), resins (47), or Glycophase glass beads

(142) has been reported. The main disadvantage of anion-

exchaﬁge chromatography is the merging of CK-MM into CK-MB
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on an unsatisfactorv column or in a sample with a very

high CK-MM activity (81).l in some chromatographic methods
CK-MB and CK-BB are eluted together, which is.undesirablef“
Chromatography is more time consuming than electrophoresis,

but with gdod technique it can be more precise than
electropho;egis (Bi).
. Immunoiohibition provides'a method for the specific
measurement of CK-MB in serum in the presence of other CK
.‘iSOengymes. It makes use of.anti-CK-MM antibodies to
». inhibit the M-subunit of creatine klnase, thus allowing
the B—Subunlt of  the MB isoenzyme to be measured Agaln,
the coupled assay of Rosalki is used to measure the residual
*  B-subunit activity. Recently, an optimized bicluminescence
Aassay has been used to measure the B-subunit activity after
the immqnoinﬁibition procedure (143). It claims increased
sensitivity. It is common practiee.to multiply Ehe activity

r/'.""“'*--u.ﬁezkc'.the_B-—subunit by two to obtain a measurement of CK-MB,
. asglming.similar activities for both M- and B-subunits (144).
The immunoinhibition procedure may suffer from serious'
interference due to the presence of the .CK~BB isoenzyme and
in some cases atvpical CK's as well as adenylate kinase.
Wicks et al. have devised? a procedure to remove such inter-
ferendks (145). |

The selective activation procedure, which makes use of
1

two different eulphydryl activators to differentially

-
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activgte individual CK isoenzymes as a means to quanﬁitateb
them (146), has failed to gain recognition as a reliable
assay. )

Radioimmunoassay is several-fold more sensitive than
enzyme assays bésed on detection of adtiyitquecause
abnormally high concentrationsgf MB in serum can be detected:
within 2 to 4 h of the onset of symptoms (147):as oppcsed '
to 6 to 8 h by conventicnal methods. Several immunoassays
have been developed for quantitating CK isoeniymgs by use
of ;ntibodies specific for the enzyme polypeptide subunits
M or B (148—150)f To overcome the problem of.meésuring

CK-MB specifically in the presence of CK-MM and CK-BB, a

new two~-site immunoradicmetric assay was recently developed

-{151). Despite their high specificity and sensitivity,

radioimmunoasséys have the’disadvantage of being time
consuming EOmBared to more'conventional tﬁihniques.

Several papers have been published comparing the Yar%pus
techniques for the measurement of CK-MB and comparing
clinical observations with analytical results (152-155).
Boone gt al. (156} have prgvided,data on interlaboratorg

variability of methods commonly used.to measure CK-MB.

3

- ) Ve .

-
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N. THE STUDY
. . -

Only few data have bgen published concerning kinetic
differences between the isocenzymes of creatine kinase
(8,18). Moreover, owing to variations in the purity of
the enzyme preparations and in isolation procédures it is
difficult te compare the values obtained.

The object of this work is to charactérize creatine
kinase preparations of different tissue origins using
their kinetic constants. The optimized assay procedure,
recommended by the Scandinavian Committee on Enzymes (157,
158), was used to investigate the‘differenbes in Miéhaelis
constants of the creatihe kinése isoenzymes of human

skeletal and heart muscles and brain.

It is commonly assumed that the 3 main creatine

kinase isoenzymes, namely CK-MM, CK-MB and CK-BB, have

the same catalytic efficiency, i.e., they turn over the

.

same amount of substrate per molecule ¢of enzyme per minute.
Owing to the fact-that these isoenzymes are very unstable
in giggg, especially CK—BB‘(ISS), it is virtually imprac-
ticable to verify this assumption by measuring a, turnover
number fer each isoenzyme. However, using an immunoinhi-
bition method (145), the activity of the M-subunit was

dompared te that of the B-subunit in purified preparations

of CK-MB.
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To ensure that the results obtained with enzyme

preparations are comparable to enzyme directly released

into‘the serum, additional experiments were carried out

using pooled human inactivated sera.



CHAPTER II

MATERIALS AND METHODS

A. EQUIPMENT

Spectrophotometers: For kinetic assays of creatine
kinase activity, the GEMENI Miniature Centrifugal ﬁﬂalyzer
(Electro-Nucleonics, Inc,, Fairfield, NJ 07006) was used. \
Determination of the kinetic constants of'the isoenzymes was.
carried out on a GILFORS— Stasar IIT ;pect£0photometer
(Gilford Instrument Laboéatories Inc.). An LKB 2138 Unicord
S spectrophotometer {(LKB-Produkter AB, Brbmma 1, Sweden) was
used to monitor protein concentration in the column eluates.

pH meter: 'Measurements of pH during'the‘preparatioﬁ of
the eﬁzyme reagent were made on a Corning Modei 12 Research
pH méter manufactured by Corning Scientific Instruments,
Medfield, MA 02052, U.S.A.

Balance: For weight determinations below 1 é a Mettler

AC 100 (Mettler Instrumente AG, CH-B606, Greifensee-2Zurich)

was used. -

B. MATERIALS . ‘ Y
Tissues: Autopsy material was the source of human

tissues, which weré stored frozen at -20°C until required

for use. Permission to use human tissues was approved by the

- University of Windsor Human Research Ethics Committee.

30
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:q/Reagents: Sephadex DEAE-A-50 and Sephadex G-100 gels
were from Pharmacia Fine Chemicals, Uppsala 1, Sweden. The
GEMENI CPK Reagent Kit for the détg;mination of creatine
kinagse activity was oﬁtained from Electro-Nucleonics, Inc.,
Faizfield, NJ 07006. Cellulose acetate strips (Sepraphore
IIT) and barbital buffer for isoenzyme analysis by electro-
nhoresis were from Gelman Instrument Co., Ann Arbor, MI
64106.

® .

Affi-Gel Blue and the reagents for polyacrylamide gel
electrophoresis were from Bio-Rad Laboratories, Mississauga,
Ontario L4X 2C8B. The followiﬁg chemicals were obtained from
Sigma Chemical Co., St. Louis, MQ 63178: Imidazble (Grade
III, crystalline); ADP (Grade I, sodium salt); AMP (Type IIT,
sodium salt); creatine phosphate (disodium salt);
dithiotreitol (DTT); D(+)-glucose (anhydrous, grade III);
glucose-6-phosphate dehydrogenase {(crystallized from yveast);
hexokinase (crystallized from yeasé); NADP+ (grade V, sodium
salt); diadenosine pentaphosphate (lithium salf).

The reagents for the iﬁmunochemicaL separation and
selective inhibition of the iscenzymes of CK (the Isomune-CK
kit) were obtained from Roche Diagnosticg, Division of
Hoffmann-La Roche Inc., NJ O?llO. The immunochemical reagehts
consist of goat antiserum agaiAst-CK—MM and a second antibody
suspension consisting of polymerbound antigoat immunoglobin.

The CK/LD Iscenzyme Control used in the identification
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of the creatine kinase isoenzymes was from Helena

Labo&atories, P.O. Box 752, Beaumont, TX. 77704. All the
other reagents used”were of the highest grade and purity
available. All solutions were prepared in doubiy distilféd
de-ionized water. Type I water, as specified by the National
Committee for Clinical Laboratory Standards (NCCLS), was

used to prepare the enzyme reagents (Hotel Dieu Hospital) .

C. METHODS

1. Purification of Human CK-MM Isoenzyme

The CK-MM- isoenzyme was. purified from human skeletal
muscle and heart tissue obtained within about 12 h post-—
mortem. The'tissues were either processed immediately or
stored at -20°C. The purification |scheme was based on the
procedure of Miller et al. (159), with some modifications.
All preparative procedures were caArried out in a cold-room
(4-8°C) or in an ice bath. Protein cpncentrations and creatine
kinase activity were determined at each stage of purification.

(a) Homogenization

After being rinsed with distilled, de~ionized water,
the tissues were trimmed of fat. About }OO g of tissue were
cut into small pieces with scissors and homogenized in a
Willems Polytron using 10-15 s bursts, in a 2-fold volume of
Tris-HCl buffer (0.05 M, pH7.4), containing 2 mmol‘of
2—mercagtoethanol per litre. The homogena£e was gently

stirred for about 4 h. It was then centrifuged at 31,000xg

1
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for 15 min, and the supernatant was filtered th;ough eight
lavers of cheesecloth.

{b) Ammonium sulphate fractionation

The filtéred supernatant was brought to an ammonium
sulphate concentratiog}of 50% saturation by slow addition of
31.3 g of solid ammonium sulphate perlloo mL.,.with continuous
stirring. After‘stirring for 2 h, the mixture was centrifuged
at 22,500xg for 45 min, and the pellet was disearded. The
supernatant solution was brought to 80% émmon%um sulphate
concentration by‘the further addition of 21.5 g of solid
ammonium sulphate. The 50-80% ammonium sulphaté précipitate
was recovered after 2-h stirring, by centfifugation at
31,000xg for 40 min and redissolved in a minimum volume of
0.0S‘M Tris—HCl buffer, pH 8.5, containing 2 mmol/L 2-
mercaptoethanol. . The solution was then dialyzed vs the same
Tris-HC1 buffer'for 24 h with at least 2 buffer changes.

(c) Gel filtration

The dialysate was applied to.a 2.5 X 90-cm column of
Sephadex G-100, which had previously been equilibrated with
0.05 M Tris-HCl bﬁffer, éH 8.0, containing 2 mmol/L of
2-mercaptoethanol. The column was developed with the same
buffer at a flow rate of about 10 mL/hr. The active fractions
were poolea and concentrated under nitrogen pressure in aﬁ

Amicon chamber with the use of a UM-10 filter.



34

(d) Anion-exchange chromatography

The preparation was fﬁrther purifiéd on a 40 x~2.6—cm
column of Sephadex DEAE-A-50 equilibnqtéd with 0.05 M
Tris-HC1l buffer, pH 8.0, con£aining_2 mmol/L of 2-mercapto-
ethanol. After washing the column with one bed voclume of
the same buffep, the enzyme was eluted with a 0l05 M Tris-HC1l
buffer, pH 8.0, containing 50 mﬁol/L NaCl and 2 mmol/L of
2-mercaptoethanol, at a flow rate of 20-25 mL/h. "The eluate
was collected in 5-mL fraétions, which were examined for
protein spectrophotometrically at AQQO and méasured for
creatine kinase activity; followed by. electrophoresis on
cellulose acetate strips for creatine kinase isoenzymes.
Fractions containing créatine kinase activity were pooled
and concentrated by ultrafiltration. The concentrated-
fractions were rechromatographed under the same conditions.
The active fractions were pooled aneﬂdialyzed for 24 h against
a 0.05 M Tris-HCl buffer, pH 7.5, containing 5 mmol/L
25mercaptoethénol. After dialysis, the isoenzyme was
concentrated by ultrafiltration and stored at -20°C until

required.

2. Purification of Human CK-MB Isoenzyme
MB creatine kinase was isolated from human heart in the

same procedure used for the MM isoenzyme.
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{a) Anion~exchangelchromatography

After elutién of the CK-MM isoehzyme from the previous
Sephadex DEAE-A-50 column, a salt gradiént, 50 to 500 mmol/L
of NaCl was used to eluté a second peak of creatine krn;se
activity representing isoenzvme MB. The active fractions
were pooled, concentrated by ultrafiltration, and thenAéiélfzed
for 24 h vs a 0.05 M buffer, pH 7.5, containing 5 mmol/L of
2-mercaptoethancl. ¢

{b) Affinity chromatography

The MB preparation was further purified on a 1.0 x 20-cm
column packed with "Affi-Gel Blue" (100-200 mesh), previously
equilibrated with a 0.05 M Tris-HCl buffer, pH 8.0,
containing 2 mmol/L of 2-mercaptoethanol. After the MB
preparation was applied, the column was washed with a 0.05 M
Tris-HCl buffer, pH 8.0, containing 250 mmol/L of NaCl and
2 mmol/L of 2—mercaptoeﬁhanol. The fractions containing MB>
activity were pooled and dialyzed vs the starﬁinq buffer,
to.remove the salt. The pooled fractions were concentrated

S . . \ _
by ultrafiltration and stored in liquid nitrogen until used.

3. Purification of Human CK-BB. Isoenzyme
BB creatine kinase was isolated from human brain obtained
at autopsy. The homogenization procedure was similar to that

used for the muscle isoenzyme.
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(a) . Ethanol fractionation
To ﬁhe'supernatant, 95% ‘ethanol (pre-cooled to -20°C-
was added dropwise to give a final concentration of 50%.
The mixture was stirred for 30 min and then centrifuged at
1,000xg for 15 min, and the pellet discarded. A second
ethanol extraction was performed on the supernatant by
adding 95% ethanol £9 give a final concentration of 70%.
After stirring the mixture for another 30 min, it was
centrifuged at 1,000xg for 15 min. The pellet was resus-
pended in a minimum volume of Tris-HCl buffer, pH 8.0,
containing per litre, 50 mmol Tris-(hydroxymethyl)-amino-
methane and 1 mmol DTT, and centrifuged at 31,000xg for
iS min. The supernatant was collected and dialyzed for two
hours vs the same buffer to rembve the ethanol.
(b} Anion-exchange chromatography
The dialyzed fraction of the BB creatine kinase was
further purified by anion-exchange chroﬁatography on a
40 x.2.6-cm column of Sephadex DEAE-A-50, preQiously
equilibrated with a 0.05 M Tris-HC1 buffer, pH 8.0,
containing 1 mmol/Lr DTT. After applicayion o% the sample,
the column’was washed with one bed voiumefof the same buffer.
The BB isoenzyme was eluted‘by uéing a salt gradient
@ '

containing lOO‘to 450 mmol/L‘of NaCl. The fractions

coptaining'creatinakinase activity were pooled and concen-

trated by ultrafiltration. The concentrated fraction was

o
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then dialyzed for 24 h vs a 0.05 M Tris-HCl buffer, pH 8.5,
containing 2 mmol/L DTT. The dialyzed sampie was further
purified by a second Sephadex DEAE~A-50 fractionation on a
column equilibrated with the same pH 8.5 buffer. The
iéoenzyme was eluted by using a salt gradient containinq
140-300 mmol/L of NaCl. Fractions containing creatine
kinase actibity were pocléd, cbncentrated and dialyzed for
24 h vs a 0.01 M Tris-HCl buffer, pH 7.5, containing

2 mmol/L of DTT. The dialysate was then recovered and stored

in liquid nitrogen until required. "

4. Protein Determinations

The concentration of protein in fractions eluted from
the chromatographic columns was determined spectrophotometri-
cally at A280 on an LKB 2148 Uvicord s. '

The biuret procedure described by Gornall et al. (160)
was used with bovine serum albumin as standard during the
early stages of purification. To determine the specific
aétivity of the.isoenzymes, a modified Lowry method was

used (161) for measuring protein concentrations.

5. Polvacrylamide Gel Electrophoresis of the
CK Isoenzymes
The purified isoenzymes were'examined for homogeneity
by disc—gel electrophoresis as described by Davis (162) using

a 7.7% acrylamide running .gel overlayed with a 2.6% acrylamide
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stacking gel. Bromophenol blue was used as the'trackiné
dye and the enzymes samples were applied in 20% glycerol
solutions. The buffer used was 0.05 mol/L Tris/0.38 mol/L
glycine buffer, pH 8.3. A current of 1.5 mA per tube wég‘
applied for the first 30 min and then increased to 3 mA per
tube for the next twe and a hglf hours.A Protein bands

were stained_ﬁith Coomassie Brilliant Blue G-250 in 5%'TCA
solution. The gels were subsequently destained and stored

in a 7% solution of acetic acid.
L7
6. Electrophoresis on Cellulose Acetate

Identification of the CK isocenzymes was done by electro-
phoresis at room temperature on cellulose acetate strips
.using the Gelman system. A 2-ML sample of iSOen;yme prepafa—
tion was applied to a Sepraphore III celluioée acetate Qtrip
and electrophoresed fo; 20 min at 230 volts, using barbital
buffer, pH 8.8. Samples with a CK actiyity greater than
1000 U/L were dilutéd in 0.9% saline before sample aépiica—
tion. The CK/LD Iscenzyme Control .was run‘éimultaneously'
on each strip. Feollowing electrophoresis, the strips were
layered with the CK reagent, blotted gently, incubated in.
_the dark at 37°C ﬁor 30 min. The.strip was then dried for
10 min under a stream of cool air and the isoenzyme bands

identified using a uv lamp.
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7. Enzyme Assay

Creatine kinase activity, in fractions eluted from the
chromatographic columns, was determine%‘speqtrophg}ometrically
by following the formation of NADPH at -340 nm at 53°¢ using*
the coupled enzyﬁe system of Rosalki (137). The reaction
was followed kinetically on the GEMENI Miniature Centrifugal
\Analyzer. Assays were performed by reacting 15 pL of 'the
sample with 700 uLlof the enzyme reagent (163). |

For the determination of the kinetic constants, the

'optimized method recommended by the Scandinavian Committee
on Enzymes was used, (157,158). The reagent consisted of,
per litre, 100 mmol imidazole acetate, 2 mmoi ADP, 20 mmol
glucose, 2 mmol NADP+, hexokinase 3500 U,‘glucose-G—phosphate
dehydrogenase 2000 U, 20 mmol NAC, 5 mmol aMP, 10 umol_DAPP,
10 mﬁol magnesium acetate and 2.0 mmol EbTA. '

Threertypes of specimens were used: pure creatine
kinase isoenzymes MM, MB and BB diluted to the appropriate
activity with a 0.05 M Tris-HCl buffer, pH 8,0, .containing
2 mmol/L 2—mefcaptoethanol;‘heat inactivated pooled human
serum containing appropriate quéntities of: purified creatine
kinase isoenzymes MM, MB and BB; and routine-clinical‘speci—
mens containing endogenous CK-MM or both CK-MM and CK-MB.

A Absorbances were measured with a Gilforéﬁstasar ITrI

spectrophotometer at 340 nm, in a- thermostated cuvette at
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37°C. VEnzyme actiwity was calculated with a Syva Model \
CP-5000 EMIT Clinical Processo; (Syva, a Syntex Company,

Palo Alto, CA 94303, U.S.A.). ’
| The .procedure was as féilows: lrmL‘of bdffer and
_0;05 mL of the sample were pipetted into a a 5-mlL disposable
polypropylene tube, and the tube was incubated for 4 min in

a water-bath set at 37°C. Substrate (lOO‘uL) was then

added and mixed.’ The mixture was then aspirated into the
wcuvétte. .The initial absorbance was measured 60 s aftef
sampling, and AA/min recorded every 15 5 for 10 min. The
‘EEinitial rate was gsken ?s the f;rst linear porticn 8f the
_progress curve, i.e., when AA/min is conétant. The ’p;ocedure
for kinetic mode' (see APPENDIX A) was used ta obtain the rate

of reaction of the isoenzymes.

A unit (U) of enzyme is defined as that amount of

&
enzyme that is required to liberate 1 Wmol of NADPH per
. ..
minute under the conditions described above. Thés, ~
. 3
AA/min x 107 x Y
- -
u/L = 3
6.22 x 107, x b Q[VS
where . ‘-
" AA/min = absorbance change‘per minute .
103 = fatctor to convert moles to micromoles
' Vt = total assay voiume in mL
‘6.2é X 103 = molar absorptivity-of NADPH at 340 nm
, ”
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o
]

* light path in cm

<
Il

sample volume in mL

. 8. Immunochemiéai Assay of CK-MB
The proéedufe for the immunoinhibition of the M-subunit
' of CK-MB iscenzyme was that.described>by Wicks et gl..(l45).
»200 UL of .CK=MB preparation in pgpledrinactivatea human sera
were added to each of ﬁwo tubeg. .Thén,u250 UL'of goat anti-
CK-MM was added to the first pube and the mixture was in-
cubated for 20 min at room temperature to allow immunoinhi-
bition of the CK-M subunits; the rqsiduél CK activity in this
tube represented the CK-B subunit activity present in CK-MB.
To the second or'ablank“ tube, 50 UL of goat anti-CK-MM Was"
added and ‘the mixture was ingubated at room températuré for
5 min. The second antibody (200 pL), was then added and the
tube was’aéain incubated at room temperature for another
” S5 min. Following incubation, the tube was qghtrifuged at
a 1,000 x g for 5 min. Thé.supernatént in Ehis tube served
as a "blank" and accounted_for any extraneous activity; The
CK activities in both tubes were measured at 37°C on a
centrifugal analyzer (GEMENI) using 25 uL of sample' from
each tube, 500 pyL of enzyme reagent and 50 ﬂL of creatiﬁe
phosph;te sclution. The activity in tube 2 was subtra;;ed
from tube 1. nTh% difference reflected the B-subunit activity

of CK-MB. The activity due to the CK~M subunits was_ obtained

by subtraction from the total CK-MB activity.



CHAPTER III

RESULTS AND DISCUSSION

-4

A, PURIFICATION OF HGMAN CREATINE KINASE ISOENZYMES

Results of the isolation of CK-MM and'CK-ME from human
psoas muscle and myocardium are summarized in Table II.

The procedure was based upon that of Miller and co-
workers (159) with some ﬁodifications. The purification
scheme produced two'm;jor fractions - one containing the
CK-MM isoeﬁzyme'and the other the CR—MB isoenzyme. The
CK-MM fraction was purified 21 times after chrbmatography
on DEAE-Sephadex A-50 and had a specific activity of 361
U/mg protein. The CK—MB fractlon was purified 18 times
after the Affi-Gel Blue chromatography, with a SpElelC
activity of 317 U/mg protein.

Purifipation of the isoenzymes involved 3 major steps
after homogehization. The enzyme homogenates were first
purified by ammonium sulphaté fractionation. "The fraction
collected between 50-80% ammonium sulphate saturation Qag-
dissolved in Tris~HCl buffer and further purified by
Sephadex G~-100 chrométography<(Fig. l). Further chromato-
graphy by ion—exchange, using DEAE-Sehpadex A-50, yielded

~ 4

42
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TABLE II

PURIFICATION OF CREATINE KINASE-MM AND CREATINE
KINASE-MB FROM HUMAN PSOAS AND HEART MUSCLE

Total . Total Specific
Fraction . protein activity activity Yield Purity
L {mg) (U) (U/mg) (%) (fold)
MM fraction: . .
Supernatant 5425 94395 17.4 - - -
(NH4)2804 fractionation
{(50-80% saturation) 833.8 51946 62.3 55.0 3.6
Sephadex G-100 ) 201.6 22478 111.5 23.8 6.4
lst Sephadex DEAE-A-30  38.0 7908 208.1 8.4 13.0
2nd Sephadex DEAE-A-50 12.6 4546 360.8 4.8 20.7
MB fraction: o
Sephadex DEAE-A-50 20.3 3252 160.2 3.5 -
1.0 18.2

Affi-Gel Blue 3.1 982 316.6

s
Note: The human skeletal and heart muscles were pooled during the
purification procedure. :
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FIGURE 1

SEPHADEX G-100 CHROMATOGRAPHY OF THE PROTEIN
SAMPLE OBTAINED AFTER AMMONIUM SULPHATE
FRACTIONATION (50-80% SATURATION)

Legend

Column size: 90 x 2.5 cm. The column was
pre-equilibrated in 0.05 M Tris-HCl buffer, pH 8.0,
containing 2.0 mmol/L 2-mercaptoethanol. Protein
samples {ca. 0.7 g) were applied to the column.
Elution was carxried out with the same buffer at a
flow rate of about, 10 mL/h. Fractions (5 mL) contain-
ing the highest enzyme activities were pooled and con-
centrated.

) Creatine kinase activity was determined in the
fractions eluted from the column as described in
METHODS, CHAPTER II, C. 7, p. 39. The isoenzymes
were identified by electrophoresis on cellulose
acetate. A CK control (murine source, from Helena
Laboratories), containing all the 3 isoenzymes, was
run simultaneously on each cellulose acetate strip.*

{----Y = creatine kinase activity
4
(—0—) :

As80

* See APPENDIX D.
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- Sephadex A-50 column (Fig. 3). The second
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two fractions (Fig. 2). The first fraction containing the

CK-MM iscenzyme, was further purified on a second DEAE-

fraction, con-

taining the CK-MB iscenzyme, was éubjecﬁed to Affi-Gel Blue

chromatography to remove contaminating albumiﬂ (Fig. 4). ?'
A representative purification procedure for the CK-BB

. <
isoenzyme is presented in Table III. The Homogenization of the

human brain tissue was carried out in the same fashion as

for the muscle tissues. The isoenzyme was then extracted

with 95% pre-chilled ethanol. The pellet obtained between

50-70% ethan®l concentration was dissolved in Tris-HCLl buffer

and further purified by successive ion-exchange chromatography

on DEAE-Sephadex A-50 (Figs.5 and 6).

The specific enzyme activity was 285 U/mg protein, wiﬁh
a 84—f01d-purification. The CK-BB isoenzyme is extremely
labile and the amount p{esent in human brain is muéh_less
than the MM or MB creatine kinase in their respective tissue.
Brains obtained 4 h after death contain very low enzyme
activity and the yield may be extremely small.

The isoenzyme prepérationé were used in the kinetic

characterization studies. They were stored at -20 °C or in

liguid nitrogen and were used within 2 weeks of isolation.
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FIGURE 2

DEAE-SEPHADEX A-50 CHROMATOGRAPHY OF THE PROTEIN
SAMPLE CONTAINING CK-MM AND CK-MB ISOENZYMES
e ,

Legend:

Column size: 40 x 2.6 cm. The column of Sephadex
DEAE-A-50 was equilibrated with 0.05 M Tris-HCl buffer,
PH 8.0, containing 2 mmol/L 2-mercaptoethanol. About
250 mg ¢f protein were applied to the column. A fter
washing the column with one bed volume of the same buffer,
the CK-MM isoenzyme was eluted with 0.05 M Tris-HC1
buffer, pH 8.0, containing 2 mmol/L 2-mercaptoethanol
and 50 mM NaCl. Fractions (5 mL) were collected at an,
flow rate of 20 mL/h. After elution of the CK-MM iso-(
enzyme, a salt gradient (indicated by the arrow) 5Q to
500 mmol/L of NaCl was used to elute a second peaka\ﬁ
containing enzyme activity representing isoenzyme MB
Fractions containing enzyme activity were pooled and
concentrated. .

, Creatine kinase activity was determined in the
fractions eluted from the column as described in
METHODS, CHAPTER II, C. 7, p. 39. The isoenzymes MM
and MB were identified by electrophoresis on cellulose
acetate. A CK control {(murine source, from Helena

-Laboratories), containing all the 3 isoenzymes, was.,
run simultaneously on each cellulose acetate strip.

(===

creatine kinase activity

{——) A

280 &

* See APPENDIX D.
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FIGURE 3

SECOND DEAE-SEPHADEX A-50 CHROMATOGRAPHY
OF CK-MM ISOENZYM

Legend

Column size: 40 - x 2.6 cm. The concentrated

' protein fraction obtained after the first Sephadex

DEAE A-50 chromatograph was rechromatographed under
the same conditions. After washing the column with
starting buffer, the CK-MM isoenzyme was eluted with
a 0.05'M Tris-HCl buffer, pH 8.0, containing
100 mmol/L NaCl and 2 mmol/L 2-mercaptoethanol.
Creatine kinase activity was determined in the
fractions eluted from the column as described in
METHODS, CHAPTER II, C.7, p. 39. The CK-MM isoenzyme
was identified by electrophoresis on cellulose acetate.
A CK control (murine source, from Helena Laboratories),
containing all 3 isocenzymes, ¥as run simultaneously on
each cellulose acetate strip.

} . . . . -
" (----1 = creatine kinase activity

A S

=) 280 -

See APPENDIX D.
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FIGURE 4

AFFI-GEL BLUE CHROMATOGRAPHY OF THE PROTEIN
SAMPLE CONTAINING CK-MB ISQENZYME

Legend

Column size: 20 x 1.0 cm. The column was pre-
equilibrated in 0.05 M Tris-HCl buffer, pH 8.0, contain-
ing 2 mmol/L 2-mercaptoethanol. After application of
the protein sample, the column was washed with 2 bed
volumes -of the same buffer. The MB iscenzyme was eluted
with a 0.B5 M Tris-HCl buffer, pH 8.0 containing
250 mmol/L NaCl and 2 mmol/L 2-mercaptoethanol.

) .Creatine kinase activity was determined in the
fractions eluted from the column as described in METHODS,
CHAPTER II, C. 7, p. 39. The CK-MB isoenzyme was
identified by electrophoresis on cellulose acetate.

A CK contrcl (murine source, from Helena Laboratories},
containing all 3 isoenzymes, was run simultaneously on
each cellulose acetate strip.

{----) = creatine kinase activity’.

(=0=) = Ry

- *See APPENDIX D.
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TABLE IIT
PURIFICATION OF CREATINE KINASE-BB ISOENZYME
FROM HUMAN BRAIN - . .
- L]
Total Total Specific :
Fraction protein activity activity Yield Purity
(mg} (U) (U/mg) (%) (fold)
Supernatant 1596 5426 3.4 - -
50% ethanol 252 4347 17.3 80.1 5.1
70% ethanol . 75.9 3952 52.1 72.8 15.3
l1st Sephadex DEAE-A-50 30.3 3068 101.3 56.5 29.8
2nd Sephadex DEAE-A-50 4.2 1197 285.0 22.1° 83.8

Note: The CK-BB iséenzyme was purifiéd by the procedure of
Ritter et al. (Ritter, C.S5., Munim, S. R., and Roberts,
R. (1981} Clin. Chem. -27, 1878-1887). '
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i FIGURE 5

FIRST DEAE-SEPHADEX A-50 CHROMATOGRAPHY
OF THE PROTEIN SAMPLE QOBTAINED AFTER
70% ETHANQCL FRACTIONATION

- . ' Legend.

Column size 40 x 2.6 cm. The column was eguili- ~
brated with a 0.05 m Tris-HCl buffer, pH. 8.0, containing
1 mmol/L DTT. After application of the protein sample,
the iscenzyme was eluted with a salt .gradient (indicated
by the arrow) containing 100 to 450 mmol/L of NaCl. The
fractions (5 mL) containing creatihe kinase activity were
pocoled and concentrated. - - .

Creatine kinase activity was determined in the
fractions eluted from the column as described in METHODS, ~
CHAPTER 1I, C. 7, p. 39. The CK-BB isoenzyme was identi-

I 4
fied by electrophoresis oh cellulose acetate. A CK

control (murine source, f Helena Laboratories), contain-
ing all 3 isocenzymes, wag-irun simultaneously ‘on‘'each
celdulose acetate strip. s . . -
{~---) = creatjne kinase activity
(=) = Ryge ,
0
*SeeIAPPENDIX D.
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FIGURE 6 i

SECOND DEAE- SEPHADEX A-50 CHROMATOGRAPHY
OF THE PROTEIN SAMPLE CONTAINING
CREATINE KINASE ~BB

¢

Legend

Column size: 40 x 2.6 cm. The column was equili-
brated with a 0.05 M Tris-HCl buffer, pH 8.5, containing
2 mmol/L DTT. The isoenzyme was eluted with a salt
gradient (indicated by the arrow) containing a:140-300
mmol/L of NaCl. PFractions (2 mL) centaining creatine
kinase activity were pooled and concentrated.

Creatine kinase activity was determined in the frac-
tions eluted from the column as described in METHODS,
CHAPTER II, C. 7, p. 39. The CK-BB isoenzyme was
identified by electrophoresis on cellulose acetate.

A CK control (murine source, from Helena Laboratories),
containing all 3 1soenzymes, was run simultaneously on
each cellulosge acetate strlp

r,,-(----) = creatine kinase activity ' N

(—O—) A

]

280

*See APPENDIX D.
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5
B. . HOMOGENEITY OF THE PURIFIED CREATTNE KINASE ISOENZYMES

The final preparations of the CK-MM, -MB and -BB iso=~
enzymes exhibited single isocenzyme bands after electrophoresis
on cellulose aceta£eff¢A CK control, contaiﬂing all 3 iso-
enzymes, was run together with each' preparation in order to
identify the isocenzyme isolated.

Sisc—gel electrophoresis on 7.7% polyacrylamidg gels of
the samples,qbtained during‘the final steps of the purification
scheme, confirmed a homoggpeous proteinlpréparation.in each
case, producing only one band on the electrophoretic gels

(Figs. 7 and 8).

C. ' DETERMINATION OF MICHAELIS CONSTANTS
The affinity of the individual creatine kinase isoenzymes

for creatine phosphate was characte:ized by their apparent
Michaelis constants. Iﬁ?&ially; the Km'was determined gra-
phically from the éouble—reciprocal plots of Lineweaver and
Burk (164) by means of rggreSsion analysis (Figs. 9, 10, and
11). Clel;nd (165) suggested that an ideal spread of points
might be from 0.2 Kmlto S-Km. Therefore, only the creatine

phosphate_concentration varied betwefn 0.5 and 8.0 mmol /L,

%

whereas all the other conditions remained constant. The
concentrations were chosen to give evenly spaced recipfocals
and the pldtswefeﬁased on seven or eight'differeht pairs of
data, each being determined in triplicate. Eight velocity

measurements are usually necessary; using more, however, will

y
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FIGURE 7

DISC-GEL ELECTROPHORESIS ON POLYACRYLAMIDE OF THE

PREPARATIONS OF CREATINE KINASE-MM

Legend

Crude muscle extract
50-80% (NH4)ZSO4 fractionation ) .

Active protein fraction obtained after Sephadex
G—lOO‘chromatography.

: * Active protein fraction obtained after the lst

DEAE~-AS0 chromatography.

Active protein fraction obtained after the 2nd
DEAE-A-50 chromatography.
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FIGURE 8

DISC-GEL ELECTROPHORESIS ON POLYACRYLAMIDE OF THE
PREPARATIONS CONTAINING CREATINE KINASE-BB

Legend - «

A : Crude extract of brain tissues

B : Protein fraction obtained after 50% ethanocl
precipitation

C. : Protein fraction obtained after 70% ethanol
precipitation

* D : Active protein fraction obtained after 1lst

DEAE A-50 chromatography

E : Active protein fraction obtained after 2pnd

DEAE A-50 chromatography

<
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»

often offset the perturbation produced bylé single outlier
(166) . '

Although a knowledge of K and V. ax is often useful in
comparing isoenzymes from different tlssues or organisms,
there is still a lack of conformlty in the methods used for
calculating the valuabkle parameters, and no lack of discussion
about which of the methods is best {l66). Of the ehree linear
trensformations of the Michaelis~-Menten equation that can be
used for estimating Km and Vmax' the Lineweever—Burk double-
reciprocal plot is the most commonly ‘used. It gives estimates
of Qm and Vmax based on unweighted fits' to the Michaelis—Menten
equation, ang has been described as the worst one td\&se (167} .

In order to verify the-Km values, especially the differ-
ences among the. individual isoenzyme, obtained from the
Lineweaver-Burk plots, enother p?ocedure for the determination
of these barameters was sought. Wilkinson (168) has described
a methed esing least-squares-fitting techniques, which gives
the best estimate of botthm,and v max’ and the standard errors

of these values when the correct welghtlng factors are applied.

A computer programme of Wllklnson s method was wrltten in

FORTRAN IV to calculate the required parameters (see APPENDIX B).
The statistical calculations used to obtain an eetimate of the
Km o{ the individual creatine kinase isoenzymes are shown in
APPENDIX C. According to Cleland (165), reasonably precise

estimates of Km and Vmax would have standard errors of less
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than 10% of the mean values.

Figures ¢ and 10 show the Lineweaver-Burk plots for human
CK-MB and CK-BB isoenzyme preparations diluted with Tris-HCl
buffer‘ana dissolved in inactivated sera. A similar plot was
obtained for endogenous CK~MM isoenzyme in serum and for CK-MM
diluted with Tris-HC1 buffer (Fig. 11). The correlation co-
efficient, Qﬁ‘ﬂa§ 0.997 or greater for all the plots.

The Lineweaver-Burk ploté exhibit a linear relationship
-~ an indiéaﬁion that the Michaelis-Menten relationship is
obeyed. Porter and Traéer (169) have suggested that, .once
the Michaelis:henten model was satisfied, more precise
estimates of K. and Voax could be cbtained by collecting data
at only two substrate concentrations: one well above the Km
and the other well below the Km.' At least four velocity deter-
minations would be required at each point. However, in this

study, perfectly adequate Km and Vm values were provided by

ax
" a spread of different substrate concentrations, and ‘it would
‘have seemed somewhat redundant to repeat the'experiment at
only two substrate concentrations. . .
The results are éummarized in Tagie IQ. The Km values
obtained by the two methods are in good agreement. The CK-BB
isoeﬂzyme preparatidns-in buffer and in inactivated sera showed
the highest affinity to creatine phosphate, i.e., they had the

. lowest Km value. The CK-MM iscenzyme preparation in Tris-HC1

buffer had a 2.5-fold higher K value than the endogenous

h ]
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FIGURE 9

LINEWEAVER-BURK PLOTS OF THE KINETIC BEHAVIOUR OF
PURIFIED CK-MB ISOENZYME DILUTED IN TRIS-HCl
..BUFFER AND IN INACTIVATED HUMAN SERA FOR

VARTIOUS CONCENTRATIONS OF CREATINE
PHOSPHATE

Legend

The concentration of creatine phosphate ranged
between 0.5 to 8.0 mmol/L. The reaction medium was as
described in METHODS, CHAPTER II, C. 7, p. 39. The plots
were based on eight different pairs of data, each being
the mean of triplicate assays, and were obtained by means
of regression analysis.

»
Il

purified MB preparation

P>
"

pure MB diluted in inactivated sera
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FIGURE 10

LINEWEAVER-BURK PLOTS OF THE KINETIC BEHAVIOUR OF
PURIFIED CK-BB ISOENZYME DILUTED IN TRIS-HC1l
BUFFER AND IN INACTIVATED HUMAN SERA FOR
VARIOUS CONCENTRATIONS OF CREATINE
PHOSPHATE

' Legend

‘The range of creatine phosphate concentration used
were between about 0.5 and 8.0 mmol/L. The reaction
medium was as described in METHODS, CHAPTER II, C. 7,
p. 39. The plots were based on elght dlfferent pairs
of data, each being the mean of triplicate assays, ~and
were obtained by means of regression analy51s

B
i

purified BB preparation .

‘pure BB diluted in7vinactivated sera
.?\

>
Il
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FEGURE 11
LINEWEAVER-BURK PLOTS OF THE KINETIC BEHAVIOUR OF
PURIFIED CK-MM ISOENZYME AND OF THE CK-MM
ISOENZYME ENDOGENOUS IN HUMAN SERUM FOR

VARIOUS CONCENTRATIONS OF CREATINE
PHOSFHATE

»

9 Legend

The range of creatine phosphate concentration used
were between 0.5 and 8.0 mmol/L. The reaction medium
was as described in METHODS, CHAPTER II, C. 7, pP. 39.
The plots were based on eignt different pairs of data,
each being the mean of triplicate assays, and were ob-
tained by means of regression analysis.,

( a ) = purified MM preparation

( A& ) = endogenous MM in serum
{

—
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TABLE IV

MICHAELIS CONSTANTS OF THE PURIFIED PREPARATIONS OF HUMAN CREATINE
KINASE ISOENZYMES FOR CREATINE PHOSPHATE

* CK-isoenzymes: Km (mmol/L)C
Method BB MB MM
Lineweaver—Burka 0.98+0.06(3) l.12i0.06(3) 3.08x0.07(3)
WilkinsonP 0.98+0.04(3) 1.05%0.03(3) 3.12%0.05(3)
Lineweaver-Burk? 0.75%0.04(6) 1.40%0.05(5) 1.46%0.07(6)
Wilkinson® 0.76£0.01(6)  1.39:0.03(5)  1.45£0.02(6)

Note: The first set of experiments wete with isoenzyme prepara-
tions in Tris-HCl buffer.
were with isoenzyme preparations diluted in inactivated

sera.

,aMean + S.D.

bValues are the means * S5.D.

See APPENDIX C.

The second set of experiments

cNumbers in parenthesis indicate the number of individual

determinations,.
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serum CK-MM isoénzyme. The CK-MB isoenzyme preparation in
inactivated sera exhibited a Km value close to that obtained
for the endogenous serum CK-MM iscenzyme. -However, one
'unexpebtéd finding was that the pure CK-MB preparation in
Tris-HC1l buffer had a lower Km value compared to the prepara-

tion in inactivated sera.

‘'D. DETERMINATION OF THE Km FOR CK—E SUBUNIT

Using the reagents of Wicks et al. (145}, the M—subunit'
of a prebaration of CK-MB isoenzyme in inéctivated sera was
inhibited ahd tis Km of the B-subunit determined as described
previously. Tﬁgﬁhineweaver-Burk plot is shown in Fig. 12.
The‘K% was found to be similar to tﬁe value obtained for the
CK-BB isoenzyme dissclved in inactivated sera. The results
indicate’ that the B-subunit of CK-MB and that of CK-BB are
kinéﬁidally identical (Table V). This provides evidencg that
there is no “steric hindrance" or "allostéric effect" on the
CK-B subunit after inhibition of the CK-M subunit of CK-MB.
Wicks et al. (145) élso gave evidence that there was-no cross-
reactiviﬁy between the anti-CK-MM and the B—sgbunit of

I'a
creatine kinase or any component of human serum.

~

E. DIFFERENCES IN ACTIVITY BETWEﬁN THE M AND B SUBUNITS
OF CK-MB '
The difference in activity between the M- and the B-sub-
units of the éK—MB isoenzyme was investigated-using goat anti-

CK~MM antibody. After measuring the activity of the CK-MB



FIGURE 12

LINEWEAVER-BURK PLOT OF THE KINETIC BEHAVIOUR
OF THE CK-B SUBUNIT AFTER IMMUNOINHIBITION
OF THE CK-M SUBUNIT OF CK-MB FOR VARIOUS
CONCENTRATIONS OF CREATINE PHOSPHATE

. Leggnd

Samples were diluted in inactivated human sera.
The range of creatine phosphate concentration varied
between 0.5 to 8.0 mmol/L. The reaction medium was as
described in METHODS, CHAPTER II, C. 7, p. 39. The
plots were based on eight different pairs of data,
each being the mean of triplicate assays, and were
obtained by means of regression analysis.

( o) = B-subunit of CK-MB

=4 51
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FIGURE 12
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iscenzyme, the M-subunit was inactivated with the anti-CK-MM
antibody, Theﬁ%esiddal activity due to the CK-B subunit was
measured. The activity of thé CK-M subunit was obtained by
difference. A ratio of CK-M subunit activity to CK-subunit
activity was calculated a;& found to be 1.52 + 04094 (Table VI).

The results showed that the activity of the M-subunit was
approximately one and & half timgs greater than that of the
B-subunit under the particular conditions specified. This

({was probébl%xdue to the fact that the B-subunit was inhibited
by the_higﬁ creatine phosphate coricentration used (30 mM) in
the assay. This seems to suggest that the common assumption
that the M-subunit of creatine kinase has the same activity
as that of the B-subunit - hence multiplication by 2 of the
B-subunit activity obtained in immunoinhibition experiments
(144} - may not bg énalytically correct. In this particular
study, the activity of the MB isoenzyme would be calculated as
(1.52 x B-subunity activity) + B-subunit activity‘insteaa of
2 x é—subunit activity. However, it should be noted that the‘
calculated ratio was obtained using the Roche kit and the
coupled assay of the Scandinavian Committee on Enzymes. Further
investigation using different immundinhibition systems and
coupled assays for determining the residual aétivity of the .
B-subunit may reveal a different ratio. '
The spectrophotometric assay of B-subunit activity after

immunoinhibition of the M-subunit activity is a rapid and

convenient method of assaying the CK-MB isoenzyme. However,
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! TABLE V

MICHAELIS CONSTANTS OF HUMAN CREATINE KINASE-BB
ISQENZYME AND CREATINE KINASE -B SUBUNIT

Iscenzyme preparations: Km (mmol/L)a

BB B-subunit
Lineweaver-Burky 0.75 + 0.04 0.70 * 0.05
Wilkinson® . 0.76 * 0.01 0.72%% 0.02

»
aBot;h preparations were diluted with inactivated sera before the
assay. The values are from the data of 6 experiments( ’

bMean + S5.D.

A

Cyalues are the means * S.D. (See APPENDIX C}.

TABLE VI

M-SUBUNIT: B-SUBUNIT RATIO OBTAINED IN THE .
IMMUNOINHIBITION STUDIES ON PURIFIED HUMAN \
CREATINE KINASE-MB ISOENZYME
. AN

\ )
Estimated M:B Ratio
Mean S.D.- C.V. (%)

Samples . 1.52 ¢ 0.094 0.062
(N=72) - .

Note: “The activities of ‘the CK-MB isoenzymé used
varied between 100 tq 700 U/L% >
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the limited sensitivity of the spectrophotometric aséay of
the CK-B necessitates that the CK-B be considerably above the
normal range of expected activity (liB).

An.optimizeg biolumlnescencé assay of the CK-B-subunit

- has recenély been described (1435. It claims more sensitivity
than the spectrophotometric assasy. Bioluminescence assays,
however, have not géund Gide'acceptance into many clinical
laboratories and are still mainly utilized as a research tool.'
Optimization’of £he spectrophotometric assay for the CK-B
subunit may prove to be more profitable.

The Scandinavian assay reagént usgd in this study is
optimized for the determination of CK-MM endogenpus in serum
(157). Preliminary studies carried out in this laboratory
indicates.that lowering the creatine phosphate concentration
decreases the M:B ratio - thus indicating that inhibitian ’
of the CK-B subunit is decreased. Optimization of the other
components of the assay system may increase the sensitivity

-of.phe-assay, thus allowiﬁg early dgtection-of the CK-MB

isoenzyme in serum. \




CHAPTER IV
SUMMARY AND CONCLUSIONS

The creatine kinase -MM, -MB and -BB isoenéymes were
purified to homogeneity from human skeletal muscle, heart
qgi brain, respectively.  After isolation and purification,

. the kinetic properties of the individﬁal.isoenzyme_were
studied. . N : .

The afﬁinity of "human skeletal muscle, heart and brain
creatine kinaée for creatine phosphate as §ubstrate'was
fe-examined. The determination of th;‘Km values.for the
different cfeatine kinases Was shown them to be distinct
molecules having different affinities fof creatine phosphate
as substrate. The results showed small but reproducible
différendes in Km values for creatine kinases from the
different't;ssues. <

AWork should continue to show if examination of isocenzyme
patterns in crudg tissue homogenates may be a;hieved without
-application of.solubilization and separation.téchniques, which
would poésibly:modify‘essentiél characteristics of the iso-
enzyme of ;hterest.

Usin% }he‘immuncinhibition assay of Wicks et al (145)

(145) and the optimized creatine kinase coupled assay

78
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recommended by the Scandinavian Committee on Enzymes, the
CK-M subunit of the Ck—MB isoepzyme was shown to have
approximately one and a half times more activity than the
CK-B subunit. The CK-B subunit is known to be inhibiteéd
under such reaction condiiions. ‘

| Optimization of the, assay system fqr‘the measurement
of CK-B subunitvactivity may increaée its‘éehsitivi£y.énd
thus prove rewarding and useful, especially in detecting

the early presence Of~CK-MB in serum.

’



., APPENDIX A

OPERATING PROCEDURE FOR THE KINETIC MODE ON THE
I EMIT CP-5000 MICROPROCESSOR

In the Kinetic Mode, the CP-5000 has three methods of
monitoring reactions in the spectrophotometer (Gilford
STASAR ITII): : )

1. By pressing the KIN button, the operator chooses to take
a preset number of readings and to observe AA/min (that
is, the change in absorbance per minute) multipled by a
specified constant. . . ‘

2. By pressing the AA button, the operator chooses to take
a preset number of readings and to observe Aa multiplied
by a specified constarnt. :

3. . By pressing the ABS button, the operator chooses to take
a preset pumber of readings and to observe the absorbance
multiplied by a specified constant.

To operate in the Kinetic Mode, Option 1 was .used.” For

examp%e, to monitor AA min, press KIN. -~

****************
- . KIN MODE
P .

kkdkhhkhhkhhkkhkdkdkdgsg

DELAY TIME? 15
READ INT? 10

In the above example, the'instrument was set to have a
delay time of '15 seconds and to monitor the reaction every
10 .seconds. 1In this study, the following specifications

, . were .entered into the minicomputer:

hhkkhkkkhhkkk kkk
1

KIN MODE
khkkhhkhkhhdkkkk kk*

- DELAY TIME? 60, -

READ INT? 15
# OF RDGS? 0

ENTER- K= 1

“
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If 0 is entered for # OF RDGS?, the CP-5000 will take
readings continuously until the cell is purged or CANCEL

is pressed. The program will ask the operator to enter a’
constant (K). Each subsequent reading takeén by the o
spectrophotometer will then be multiplied by the constant,
and the result printed. If the constant = 1, then the result .
will equal one times the spectrophotometer reading.

A sample ﬁrintggif

hhkkkhhhkknhhkhkhkhhhkkitr é '
A . -_ ) *
RON # - 17 ¢ ' ~
ID # | 12
A = 103 , ,
. By _
L 'AR/MIN = 4459.83
¢ "~ AA/MIN = 4459.84 - - 7. .
' » AA/MIN -= 4459.83 : .
- AA/MIN = 4384.47 oo
AA/MIN, = .4329.11 . : .

****_***********(******

The CP-5000 takes readings in millimbsorbance units. To
convert to absorbance units, divide by 1000. "
” : . .



-

. 82
APPENDIX B

COMPUTER PROGRAM ,FOR ESTIMATING K
AND ITS STANDARD ERROR m g
/GEORSE 05 (RI21eersva) s Gul CHONG? s CLASS =Y
JA EXEC WATFIV '
//UDLSYSIN DO %
$J0 WATFIV  RK121...... CHONG
0

s

MICHAGELIS-HENTEN FROGR&M

THIS FROGRAM FITS EXFERIMENTAL DATA TO THE
v MICHAELIS-MENTEN EQUATION ACCORDING TO THE .
LEAST-SRUARE METHODR OF WIBKINSON ( RIDCHEM. J.y
1961y 80y 324-332) u§-z’ :

THE METHOD MAKES INITIAL ESTIMATES OF KM AND
UMAX BY ONE OF THE LINEAR TRANSFORMATIONS,
THESE ESTIMATES ARE THEN REFINED IY AN ITERATIVE
TECHNIQUE UNTIL THEY CONVERGE ON THE EEST FIT
VALUES BY THE LEAST-SQUARES CRITERION.

FROVIGIONAL ESTIHATES OF KM ANIN Y

oo OooCOONOoOo0

REAL KM
AIMENSTION SC50) »V(S0) s X(50) yY (500 y Z{H0) »F (502 yFI(50)
SALIHA=0
GLETA=0
SEANHA=0 .
SNMELTA=0 : ’
SEPSI=0
SUMA=0 .
SUNL=0 -
SUMC=0
SUMD=0
GUME= :
UMV .
REAL, N
FRINTy “N=‘yN
L0 .10 I=1,N
REAL »S(I) VD)
XCI)=U L)%k
YOI =XCE3 /8 () :
SALFHA=V(I)XX(I) + SALFHA
SHETA=X(I)¥¥2 + SEETA
. SGAMMA=V(I)XY(I) + SGAMMA
SDOELTA=X(I)¥Y(I) + SDELTA
SEFSI=Y(I)X%2 *+ SEFST
10 CONTINUE _ o
FRINTy 7S7s’VU7y’X=VER’ s/ Y=VE2/S"
ID 20 I=1sN
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C REFINEMENT QF Krl aND UHMAX

. .
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APPENDIX B = Cont'd) e
. 1] . - * v' *
VCIVTHT S(%)rU(I)vX(I):Y(I) . R .
CONTINUE ‘

DELTA={SALFHAXSEFS] ) ~ (SOAMMARSNELTA)

KM= CCODETARSGOMMA) ~ (SALFHAXSDELTA? ) /LHELTA

VHMAK= ((SIETEHSEFSEY - (SHELTAX¥2) ) A/LELTA e
PRINTy “DELTA="yDRELTAy KM=’y KMy " VHAX="» VHAX

Do 5S¢ J=1sN
Z(J)=8(d) + KH ' e
F ) =UMAXKS (U 72 (D) .
FRC)=(~1THYMAXES (JY I/ (ZCIIRK2) |
SUMA=SUMA + F(J)%¥2

SUMB=SUME 4 FO(JI%X%2 . :
SUMC=SUME + F(JIRFD() .
SUMD=SUMD + V{JIRF (DD

~SUME=SUHE + V(D¥FD(J) ’

SUMUR2=SUMY2 + V(2

CONTINUE

FRINTy ‘879 "Wy "SERM » "FE=VES/ (BHRMY Y » "FLO==US/ (S+RM)IE2 7
L0 40 J=1sN . ‘ E
FRINTy SCJ) VD yZ{D) s F D $FICLD

. CONTINUE

IFLTAL= (SUMAXGUME) ~ (SUMCR)D)
Il CCSUMIBKSUMID - (SUMCXSUME ) ) /DELTA2
R2= CCSUMARSUME ) - (SUMCRZSUMDN ) ZDELTADR
V=R R UMAX
ADDKM=KM + (B2/EL)
FRINTy V=7 yVUMy "KH2='y ADDIIKM

C ESTIMATION OF STANDARD ERRORS

C

SENTRY
e

¢ IATA
c
$IESYS
$8TOP

’r

SSAUAR={ (SUMV2- (B1XSUMD) ~ (BE2XKSUME) ) )/ (N-2)
RE=CART (SSQAUARD

SEKM={RS/BLIXSART (SUMA/DIELTAZ)
SEV=VHAXKRSKSQRT (SUMB/LELTAR)

FRINT» ‘S.E.(KM)=’s8ERKMs ‘S.E. (V)=’y5EV
STOF

NI

ARE ENTERED HERE



- ) APPENDIX C - .

AVERAGING PARAMETER ESTIMATES AND
THEIR STANDARD ERRORS

& .

_ If a measurement X.has_been made many times so that its
standard error ¢ has been_prgcisely calculated, then the cor-
rect weight, w, for that poimt din fitting to an equation is

~

w =1/ ‘
Cr2

If a kinetic analysis is repeated several.times, to test
the effect of day-to-day variation, for example, several
estimates of X of Vv are obtained, ‘each with its calculated
standard error. Sin®&%the standard errors are likely to be
different, the weighted mean must be calculated (170, 171y,
"and is obtained as: b

X = X, /W,
® aﬁlxl/ Vs

S0, for several Km values

K K T K
= 1 2 n 1 1 1
K = (— + 5 + Tt =+ -7
m o 2 o] g o o v 2
1 2 n 1 2 n

Provided that the standard error on one day is uncorrelated
with that on another, the standard error of the mean Km may be
calculated from

2 Y
% mean /1/z(l/ci ) '

: . | o
1/ /(1/012 + 1/022 + ... 1/c ) '

Q
|
il
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APPENDIX D

MIGRATION PATTERNS OF CK ISOENZYMES AFTER

ELECTROPHORESIS ON CELLULOSE ACETATE
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