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Abstract—Several indirect plasminogen (Pg) activators are known including streptokinase and the monoclonal antibody I'V-
Ic, whose mechanism of activation is well studied. To characterize thermodynamically the activation of Pg by streptokinase
(SK) and the monoclonal antibody (mAB) IV-Ic, the activation energies were calculated for various reaction stages.
Activation energy of 7.4 kcal/mol was determined for the interaction of the chromogenic substrate S-2251 with plasmin (Pm)
and activated equimolar complexes Pm—SK and Pg*SK at the steady-state reaction stage, and 18.7 kcal/mol with the com-
plexes Pg*IV-Ic. A 2.5-fold increase in the energy of activation for the Pg*IV-Ic complex suggests a more intricate mecha-
nism of its interaction with the substrate. At the stage of increasing active center concentrations and the formation of acti-
vated complexes Pg*SK and Pg*mAB IV-Ic, the activation energy was found to be 10.5 and 38 kcal/mol, respectively. At this
reaction stage the conformational rearrangement of Pg molecule with the formation of active center is the limiting stage
determining the reaction rate. Unexpectedly high energy of activation at the second stage of interaction between mAB IV-Ic
and Pg suggests several simultaneous reactions and complexity of conformation rearrangement in the Pg molecule in activat-
ed complexes, thus requiring large energy expense. Formation of the active center is probably accompanied by its transition
within a narrow temperature range into another conformation state with the change in activation parameters of the reaction.
Quantitative evaluation of the studied reactions from the perspective of thermodynamics of the enzymatic reactions gives
more comprehensive characteristics of the activation mechanism.
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The plasminogen (Pg)/plasmin (Pm) system is one
of most important proteolytic systems in mammals. It is
involved in regulation of multiple physiological and
pathophysiological processes. Pg is the inactive precursor
of plasmin, a fibrinolytic enzyme (EC 3.4.12.7). The
mechanism of Pg activation is selective to multidomain
molecular organization of Pg, and the generated Pm pos-
sesses specificity and high proteolytic activity. The main
biological function of the Pg/Pm system is fibrinolysis,
maintaining the blood in the fluid state.

Streptokinase (SK), a bacterial protein widely used
in thrombolytic therapy, is an indirect plasminogen acti-
vator. SK interacts with Pg to form an equimolar complex
and induces conformational changes in the proenzyme
resulting in active center formation without cleavage of
the activation peptide bond. The catalytically active com-
plex (Pg*SK) effectively converts Pg into Pm via limited
proteolysis [1, 2]. A quantitative kinetic analysis of Pm

Abbreviations: SK) streptokinase; Pg) plasminogen; Pm) plas-
min; mAB) monoclonal antibody; Pg*) activated plasminogen.
* To whom correspondence should be addressed.

formation under the action of SK is given elsewhere [3].
Conformational changes in the Pg molecule are shown to
be reversible, and the activation mechanism is a rapid
equilibrium multistage process. The kinetic curve of
chromogenic substrate hydrolysis is parabolic when Pg is
activated by SK. The initial rate (v,) characterizes the
processes of both SK binding and conformation changes
in the Pg molecule followed by increase in activation rate
(vy) [3, 4]. An open conformation of Pg Lys-form with
exposed lysine-binding sites is most subject to interaction
of SK with these sites during the activation process. The
affinity of SK to Lys-Pg is 12-fold higher than to Glu-Pg
because of the contribution of lysine-binding sites [4].
The rate of activation of Lys-Pg is slowed by 100%, and
that of Glu-Pg by 25% in the presence of 10 mM 6-
aminohexanoic acid. Lysine-binding sites of kringles 1-4
in plasminogen are necessary for providing high activa-
tion rate of plasminogen by SK and are important at all
stages of the activation [5]. The interaction of kringle 5
with the B-domain of SK is necessary for rapid formation
of Pg—SK complex, and kringle 5 is important for high-
affinity binding [6, 7].
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Only native SK can provide complete activation of
Pg. The dissociation constant of SK(1-378)—Pg complex
increases by 30%, and amidolytic activity of the complex
decreases by 80%, and the ability to activate Pg decreases
by 80% [8]. The lack of C-terminal lysine in the SK mol-
ecule decreases its stability, and the activation rate of
Glu-Pg is decreased threefold [5].

Like SK, the anti-plasminogen monoclonal anti-
body (mAB) IV-Ic possesses ability to activate Pg in indi-
rect mode [9]. It is a suitable model for studies on non-
enzymatic activation mechanisms of serine protease
proenzymes.

Anti-plasminogen ABs are found in blood plasma of
persons treated with SK. The appearance of autoantibod-
ies similar to IV-Ic sometimes occurs in patients infected
by streptococci and staphylococci. Pg—IV-Ic-like com-
plexes are potentially dangerous for the human body [10].
Activation of Pg by mAB IV-Ic begins after a long lag-
phase. The Pg—IV-Ic complex is formed in several min-
utes, but long activation time is required for additional
interactions and conformational changes within the
Pg—IV-Ic complex. It has been suggested that Pg exhibits
amidase activity in the Pg—IV-Ic complex due to induc-
tion of catalytic activity in an active center locus under
the action of IV-Ic. Pg*IV-Ic-active complex possesses
activator activity and activates Pg—IV-Ic complexes via a
feedback mechanism [11].

The V709-G718 epitope in mAB is shown to almost
completely overlap one of six SK-binding sites in Pm B-
chain localized in the site N711-E724 of the amino acid
sequence of Pm [12]. Both SK and mAB IV-Ic can alter
the catalytic activity of Pm [13].

The aim of present study was to give more complete
characteristics of the mechanism of Pg activation by indi-
rect activators and quantitative estimation of this process
from the enzymatic thermodynamics point of view. We
have calculated the energies of activation for the interac-
tion of Pm and equimolar activated complexes Pm—SK,
Pg*SK, and Pg*IV-Ic with chromogenic substrate S-2251
and the energy of activation for distinct stages of Pg acti-
vation by equimolar amounts of SK and mAB IV-Ic.

MATERIALS AND METHODS

Glu-Pg was isolated from plasma of volunteer blood
taken with citrate by affinity chromatography on lysine-
Sepharose (Pharmacia, Sweden) [14] followed by gel fil-
tration on Sephacryl S-200 (Amersham Bioscience, USA).

Pm was produced by activation of Glu-Pg using
urokinase (Sanofi Winthrop, France) immobilized on
BrCN-Sepharose-4B (Pharmacia) [15]. The percentage
of active centers in Pm and its derivatives was determined
as described in [16].

SK (Kabikinase) (Pharmacia) was purified by affini-
ty chromatography on Blue Sepharose CL-6B
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(Pharmacia) [17]. The purity of the protein was tested
electrophoretically by SDS-PAGE [18].

Anti-plasminogen mAB IV-Ic was produced in the
Department of Molecular Immunology of the Institute of
Biochemistry of the Ukrainian National Academy of
Sciences according with the routine technique using elec-
trophoretically homogeneous human Glu-Pg as antigen
[19]. Productivity of IV-Ic clones was 4.9 = 0.051 pg/ml
of nutritive medium. IV-Ic was isolated from culture
medium after removal of the cells by two-step affinity
chromatography on protein A-Sepharose (Amersham
Bioscience) and Glu-Pg-Sepharose [9]. The IV-Ic was
electrophoretically homogeneous. Immunochemical
analysis showed that immunoglobulin IV-Ic belongs to
IgG1 isotype. The characteristic feature of mouse
immunoglobulins IgG1, IgG2a, and IgG2b of IgG class
and human IgGl1 class is the presence of C-terminal
lysine in their y- and k-chains [20].

Amidolytic activity of complexes Pm—SK, Pg*SK,
Pg*IV-Ic, and Pm was determined by the rate of p-
nitroaniline release during hydrolysis of S-2251 substrate
(H-D-Val-L-Leu-L-Lys-p-nitroanilide) (Chromogenix,
Sweden), whose concentration was determined spec-
trophotometrically at 405 nm. The reaction was per-
formed in the wells of plates for immunoenzyme analysis.
The reaction volume was 0.25 ml. Glu-Pg and mAB IV-
Ic were taken at equimolar concentrations of 100 nM;
Glu-Pg, Pm, and SK at 10 nM; S-2251 substrate concen-
tration was 0.3 mM.

Effect of temperature on pH in various buffer systems
is presented in Fig. 1. The temperature effect on pH is
negligible in Na-phosphate buffer system, so this buffer
system was used for the reaction of Pg activation.

Rate constants for the formation of activated com-
plexes of Pm/Pg with SK and Pg*mAB were calculated
using the second-order equation for equimolar concen-
trations of the components:

k=1/Cyt,),

where C; is concentration of complexes; £, is half-trans-
formation period determined from kinetics curves.

The period of the complex formation () was deter-
mined as the time point from which the rate of substrate
cleavage becomes constant.

Rate of interaction of Pm and activated complexes
with the substrate was calculated from the slope of the
curve within the range of constant rate.

The rate of the first phase of the reaction was calcu-
lated using kinetic curves of Pg activation by mAB IV-
Ic (dependence of absorption at 405 nm (A4ys) on time) as
the value which is reciprocal to lag-period, and the rate of
the second phase was calculated as the rate of formation
of Pm active centers per minute: V' = ([Pm,] — [Pm,])/
(t, — t;), nM Pm/min.
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Fig. 1. Influence of temperature on pH in buffer systems: /) 0.1 M
Tris-HCI; 2) 0.1 M Tris-H;PO,; 3) 0.1 M Na,HPO,/NaH,PO,.

Concentration of Pm active centers at time point ¢
was quantitatively determined using a calibration curve
drawn in coordinates {Pm concentration (nM), tana},
where tano is the tangent of the slope of the calibration
curve for hydrolysis of S-2251 substrate by Pm with con-
stant concentration and the tangent to the activation
kinetic curve at time point 7.

Activation energy was calculated using the Arrhenius
equation:

logk=A/T+ B,

where k is a reaction rate constant; 7'is temperature, °K;
and tanf} = — A.

From the straight lines logl (because V' = kc") versus
1/T constructed from the experimental data, the tangent
of slope was determined (tanf3) and the activation energy
was calculated:

E=23034'R,
where R is the universal gas constant [21].

The data are presented as means; the experimental
and calculation errors do not exceed 3%.

RESULTS AND DISCUSSION

The dependences of rate of S-2251 substrate hydrol-
ysis by Pm, Pm—SK complex, and activated Pg*SK com-
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plex on temperature are given in Fig. 2. The shape of
kinetics curves (/-3) suggest that conformational changes
in the Pm/Pg—SK complex are not completed at 5°C.
Amidolytic activity of Pm—SK complex is not increased
in comparison with Pm, and activity of activated Pg*SK
does not achieve the maximum. Starting with 10°C, the
amidolytic activity of Pm—SK complex increases with
respect to that of Pm, and the amount of active centers of
Pg*SK complex achieves the maximum concentration,
coinciding with that in Pm. The rate of S-2251 substrate
hydrolysis by Pm and Pm—SK and Pg*SK complexes
increases 3-fold with temperature increasing from 10 to
40°C. Reaction rate increases 6-fold with the temperature
increase from 5 to 40°C at the stage of increase in active
center concentration in the Pg*SK complex (Fig. 2, curve
4).

Pm, the protein with conformation of working active
center, interacts with substrates at the active center. The
enzymatic reaction proceeds with formation of p-
nitroaniline, a hydrolytic product of the substrate; the
kinetic parameters of the reaction are presented in [22].

The energy of activation of the given enzymatic reac-
tion was calculated according the Arrhenius equation
(Fig. 3, curve 2; table) and does not exceed values typical
for enzymatic reactions.

The Arrhenius equation is often valid for complex
multistage enzymatic processes. In these cases, the ener-
gy of activation has no simple physical meaning and rep-
resents some function of activation energies of distinct
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Fig. 2. Influence of temperature on the reaction rate (V) for the
interaction between Pg/Pm and SK: /) Pm—-SK; 2) Pm;
3) Pg*SK; 4) Pg*SK at the stage of complex formation.



1148

logV

3.2 3.3 3.4 3.5 3.6
1/Tx10°

Fig. 3. Arrhenius plots for calculation of the energy of activation
for the interaction of Pm and Pm/Pg—streptokinase complexes
with the S-2251 substrate (V' is reaction rate, 7 is temperature,
°K): ) Pm—SK; 2, 3) Pm and Pg*SK; 4, 5) Pg*SK at the stage
of active center formation in Pg with various amidolytic activity.

stages. Hence, it is correctly called “effective” or empiri-
cal energy of activation.

Three stages can be distinguished in the activation
reaction, and reaction rates can be calculated from kinet-
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ics curves for each of them. The first stage is complex for-
mation and beginning of active center formation and
amidolytic activity is exhibited—this is the lag-phase of
the reaction. The second phase is increase in active cen-
ter concentration and, respectively, reaction rate increase
up to a constant value—the activation rate. Substrate
cleavage continues with a constant rate in the third stage
because the active center concentration achieves maxi-
mum for the given reaction.

SK has high affinity to Pm [23, 24] and forms
Pm—SK complex in several seconds (table). As a result of
conformational rearrangement of Pm active center, its
amidolytic activity is enhanced (Fig. 2, curve I).
However, the energy of activation does not change for the
interaction between the formed complex and substrate
(Fig. 3, curve I; table).

More complex conformational alterations with for-
mation of active center take place during activation of Pg
by SK. An active complex possessing amidolytic and acti-
vator activities is formed as a result of interaction between
equimolar amounts of Pg and SK [3, 22]. The affinity of
SK to Pg is substantially lower than to Pm [4, 23], and the
rate of active Pg*SK complex formation is one order of
magnitude less (table). This enables distinguishing a sec-
tion of the kinetic curve where the concentration of reac-
tion product continuously increases approaching a con-
stant level, i.e., to a linear section of kinetic curve. The
tangent to this straight line is equal to the stationary rate.
The energy of activation for the interaction of the formed
activated complex with the substrate was calculated using
stationary reaction rate and from the rate constant of the
activated complex formation. The data obtained agree

Kinetic and thermodynamic characteristics of the interaction between plasmin and activated complexes with the S-

2251 substrate

Enzymatic complex Stage of reaction A E,, kcal/mol K;, M? K, M? k, M~ l.sec™' ®
Pm 1.58 7.2 2.1.107*
Pm—-SK 3 1.67 7.6 1.1 x 107" 7.8-10~ 1.1-107
2 2.3 10.5 6.2 x 1077
Pg*SK
3 1.58 7.2 3.2:10™ 1.0-10°
1 4.3 19.5 5.0x 1078
Pg*IV-Ic 2 8.1 38.0
3 4.1 18.7 0.02-10°
Pm—IV-I¢ 0.5-10~*

* Data from the literature: K, [23]; K., [22]; K, for Pm—IV-Ic [11].
bk, at 25°C.
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Fig. 4. Kinetic curves for activation of Pg by monoclonal anti-
body IV-Ic at various temperatures (°C): 1) 37; 2) 40; 3) 34; 4)
30; 5) 25; 6) 19; 7) 10 (A4s, absorption at wavelength 405 nm).

with each other and are equal to the energy of activation
in the reaction with Pm (Fig. 3, curves 2 and 3; table).

Using Arrhenius plots for the second stage of the
reaction (Fig. 3, curves 4 and 5), the energy of activation
was calculated; this energy is necessary for complete con-
formational rearrangement and formation of activated
complex with maximum concentration of active centers.
The active center formation in the Pg—SK complex
requires great energy, and the process is limiting at this
reaction stage. The energy of activation 1.4-fold exceeds
the values for the interaction between the substrate and
Pm— and Pm/Pg—streptokinase complexes at the third
stationary reaction stage (table).

The energy of activation is independent of amidolyt-
ic enzymatic activity but depends on temperature coeffi-
cient of the given reaction. In Fig. 3 the Arrhenius plots
for Pg with various activity have virtually the same tangent
(curves 4 and 5), and the energies of activation are 10.5
and 10.9 kcal/mol.

The influence of temperature on Pg activation by
mAB IV-Ic is shown in Fig. 4. Activation is not observed
at temperatures below 20°C, and the rates of the first and
second phases achieve maximum at 37°C. A drastic
increase in the rate of active center appearance is
observed when the temperature is increased from 30 to
34°C. The rates of the first and third reaction stages
increase 4-fold and the rate of the second stage 18-fold
when the temperature is increased from 25 to 37°C. The
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second stage of the reaction is the most influenced by
temperature.

Electrophoretic analysis of the reaction mixture con-
taining Glu—Pg and mAB IV-Ic showed that neither the
Lys-form nor Pm were formed from Glu-Pg for 2 h after
beginning of the activation. This transformation began
after 6 h, and a major portion of Pg was transformed into
Pm after 20 h [11]. Pg has high affinity to the mAB IV-Ic
(table), but amidolytic activity appears after a long lag-
period. The rate of the first reaction phase can be consid-
ered as the rate of conformational changes resulting in the
formation of active center and appearance of amidolytic
activity. The energy of activation was calculated from the
rate of the first phase of the reaction (Fig. 5, curve I,
table). The 2.0- and 2.5-fold increase in the energy of
activation with respect to the values obtained at the sec-
ond and third stages of the reaction of interaction
between Pg and SK is evidence for more complex mech-
anism of conformational rearrangements in the Pg mole-
cule for the formation of the active center. It was estab-
lished that two-center interaction of the paratope IV-Ic
with the serine-proteinase domain of Glu-Pg and C-ter-
minal lysine with one of lysine-binding sites on Pg is nec-
essary for manifestation of the catalytic activity in the
Pg—IV-Ic complex. An equimolar complex of IV-Ic anti-
body with V709-G718 antigen is formed first, and then
Glu-Pg converts into the open Lys-form Pg conforma-

+ 1
-2.0 1
3
A
-2.5 1
3.20 3.25 3.30 3.35
1/Tx 10°

Fig. 5. Arrhenius plots for calculation of activation energy for
the interaction between Pg*mAB IV-Ic and S-2251 substrate at
three stages of the reaction in the Pg activation process by mon-
oclonal antibody IV-Ic (V, reaction rate; 7, temperature, °K):
1) first stage; 2) second stage; 3) third stage of the reaction.
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tion. Owing to this transition, the interaction of Lys-
binding sites of the first or fourth kringles with the C-ter-
minal Lys on one of the IV-Ic chains becomes possible,
thus inducing the formation of the active center in the
protease domain [11].

For the second reaction stage the rate of Pm active
center formation has been calculated, and using this value
the energy of activation was determined, which was 3.5-
fold higher than that at the corresponding stage of Pg
activation by SK and 2-fold higher than the activation
energy value for the enzymatic reactions (table). As seen
from Fig. 5, curve 2, a drastic change is observed between
the points at 30 and 34°C. The straight line connecting
these points smoothes the tangent and, hence, the activa-
tion energy value at this step. The presence of sudden
changes like these on the Arrhenius plot can be explained
by the changing of the limiting reaction stage, as well as
by the transition of the active center of the enzyme mole-
cule over a narrow temperature range into other confor-
mational state with the change in the activation parame-
ters of the reaction.

The energy of activation for the interaction between
the activated Pg*IV-Ic complex and substrate was calcu-
lated from the stationary reaction rate at the third stage
and from the constant of the active complex formation
rate; the values are equal and almost 2-fold higher than
the corresponding value for the Pg*SK complex (Fig. 5,
curve 3; table).

The energy of activation at all stages of the interac-
tion between plasminogen and mAB IV-Ic exceeds the
corresponding values in the reaction of Pg with SK. The
kinetic parameters of the interaction of Pm and
Pm/PgSK with the substrate significantly differ from cor-
responding parameters for the Pg*IV-Ic complex. The
rate constant for the formation of activated Pg*IV-Ic
complex is two orders of magnitude lower than for
Pg*SK. The affinity of the substrate to Pm—IV-Ic com-
plex is virtually one order of magnitude higher than it is to
the Pm—SK and Pg*SK complexes (table). As stated
above, we can only discuss the effective value of the ener-
gy of activation, which is, however, the thermodynamic
characteristic for this reaction. It confirms the complexi-
ty of the mechanism of Pg activation by monoclonal anti-
body IV-Ic—the need for major energy expenses for con-
formational changes, active center formation, and inter-
action between the activated Pg*I'V-Ic complex and sub-
strate.

It is known that if one enzyme interacts with several
substrates, the energy of activation remains the same in all
cases. And vice versa, if one reaction is catalyzed by sev-
eral enzymes, each enzyme is characterized by its own
energy of activation. Thus, the activation energy value is
mostly determined by the enzyme rather than substrate
characteristic [25]. From the perspective of thermody-
namics the enzyme—substrate interaction is not contra-
vened for Pm and Pg/Pm—SK complexes. The activation
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energy values for their interactions with the substrate
remain constant and do not exceed the values for enzy-
matic reactions. Pm and Pm—SK complexes and Pg*SK
can be regarded as the same enzyme. In contrast, the state
of active center of the Pg molecule in the complex with
mAB IV-Ic is so altered that the Pg*mAB IV-Ic complex
can be considered as another enzyme that differs from
Pm. The activation energy elevation at all stages of the Pg
activation process by monoclonal antibody IV-Ic is evi-
dence for complex mechanism of the reaction. The ener-
gy expenses spent on conformational changes in the Pg
molecule and on the interaction between the complex
and substrate are elevated.

Thus, from the comparison of the obtained values of
the energy of activation for the reactions considered here,
evaluation of the complexity of the reaction mechanisms
from their quantitative thermodynamic characteristics
can be made. The conformational rearrangement in Pg
molecule and the formation of active center is the most
complex and energy consuming process. The rate of this
process is limiting. The energy of activation at this stage
of the reaction is higher than that at other stages.
Unusually high energy of activation in the second phase
of the reaction between the mAB IV-Ic and Pm suggests
several simultaneous reactions and complexity of the
active center formation in the proenzyme molecule. The
active center formation is possibly accompanied by tran-
sition of the active center of the enzyme molecule into
another conformational state over a narrow temperature
range with the change in activation parameters of the
reaction.

The authors are very grateful to Dr. E. M.
Makogonenko for interest in the study and valuable
advice.

This study was supported by the Ukrainian National
Academy of Sciences.

REFERENCES

1. Reddy, K., Nagendra, N., and Markus, G. (1972) J. Biol.
Chem., 247, 1683-1691.

2. Conejero-Lara, F, Parrado, J., Azuago, A. 1., Dobson, S.
M., and Ponting, C. P. (1998) Protein Sci., 7, 2190-2199.

3. Boxrud, P. D., and Bock, P. E. (2004) J. Biol. Chem., 279,
36642-36649.

4. Boxrud, P. D., Verhamme, I. M., and Bock, P. E. (2004) J.
Biol. Chem., 279, 36633-36641.

5. Sokolovskaia, L. I., Makogonenko, E. M., Grinenko, T. V.,
and Cederholm-Williams, S. A. (2003) Ukr. Biokhim. Zh.,
75, 25-32.

6. Lin, L. E, Houng, A., and Reed, G. L. (2000) Biochemistry,
39, 4740-4745.

7. Loy, J. A., Lin, X., Schenone, M., and Castellino, E J.
(2001) Biochemistry, 40, 14686-14695.

8. Zhai, P, Wakeham, N., Loy, J. A., and Zhang, X. C. (2003)
Biochemistry, 42, 114-120.

BIOCHEMISTRY (Moscow) Vol. 70 No. 10 2005



10.
11.

12.

13.

14.

15.

THERMODYNAMIC CHARACTERISTICS OF PLASMINOGEN ACTIVATION

Slomins’kii, O. Yu., Makogonenko, Ye. M., Kolesnikova, I.
M., and Cederholm-Williams, S. A. (1999) Ukr. Biokhim.
Zh., 71, 44-50.

Luft, E C. (1996) J. Mol. Med., 74, 413-414.
Makogonenko, Ye. M., Yakovley, S. O., Slominskii, O. Yu.,
Korol’chuk, V. I., Grinenko, T. V., Sokolovs’ka, L. I.,
Druzhina, N. M., Kolesnikova, I. M., Chernishov, V. 1.,
and Cederholm-Williams, S. A. (2000) Ukr. Biokhim. Zh.,
72, 99-108.

Druzhina, N., Makogonenko, E., Yakovlev, S.,
Kolesnikova, 1., and Cederholm-Williams, S. (1996) Ukr.
Biokhim. Zh., 68, 20-23.

Grinenko, T. V., Makogonenko, E. M., and Yusova, E. I.
(2002) Ukr. Biokhim. Zh., 74, 61-70.

Deutsch, D., and Mertz, E. (1970) Science, 170, 1095-
1096.

Norrman, B., Wallen, P., and Ranby, M. (1985) Eur. J.
Biochem., 149, 193-206.

BIOCHEMISTRY (Moscow) Vol. 70 No. 10 2005

16

17.

18.
19.

20.

21.

22.

1151

Wiman, B. (1980) Thr. Res., 17, 142-152.

Costellino, F. G., Sodetz, J. M., Brockway, W. J., and
Siefring, G. E. (1976) Meth. Enzymol., 45, 144-157.
Laemmli, U. K. (1970) Nature, 227, 680-685.
Kolesnikova, I. N., Bukhanevich, A. M., and Sitak, I. N.
(1991) Dokl. Akad. Nauk Ukr., 12, 101-103.

Ellis, V., and Dano, K. (1993) J. Biol. Chem., 268, 4806-
4813.

Gorshkov, V. 1., and Kuznetsov, 1. A. (1986) Physical
Chemistry |in Russian], MGU Publishers, Moscow.

Wohl, R. C., Summaria, L., and Robbins, K. C. (1980) J.
Biol. Chem., 255, 2005-2013.

. Boxrud, P. D., and Bock, P. E. (2000) Biochemistry, 39,

13974-13981.

. Boxrud, P. D., Fay, W. P, and Bock, P. E. (2000) J. Biol.

Chem., 275, 14579-14589.

. Dixon, M., and Webb, E. C. (1960) Enzymes, Longmans,

Green, and Co., London.



