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DETERMINATION OF THE APPARENT BINDING CONSTANT OF COBALT CARBONIC
ANHYDRASE B BY THE KINETIC METHODL)

Yoshinori KIDANI and Junzo HIROSE
Faculty of Pharmaceutical Sciences, Nagoya City University,
Tanabe-dori, Mizuho-ku, Nagoya U467

The second order rate constant (kf) for the formation of Co(II) complex of
bovine carbonic anhydrase and the first order rate constant (kd) for dissociation
of the cobalt-carbonic anhydrase into apoenzyme and Co(II) ion were measured at 0°
(pH 5.0) by a catalytic assay method involving p-nitrophenyl acetate as a sub-
strate. The first order rate constant (kd) has been determined by use
of a chelating agent as a scavenging agent for apoenzyme. Combination of kf
with kd gives apparent binding constant (Kbind) for cobalt-carbonic anhydrase.
This value (Kbind=kf/kd) was consistent with that obtained by the equilibrium
dialysis.

We reported that the mechanism for the removal of zinc ion from bovine carbonic anhydrase2)

(BCA) with chelating agents consisted of two following reaction pathways.3)
k.
/+L (BCA)ZnL —2 apo-BCA + LZn
(BCA)Zn -L fastj +L Scheme (1)

k

d apo-BCA + Zn L

fast
where (BCA)Zn is the intact native enzyme, L is a chelating agent, (BCA)ZnL, a ternary complex in-
volving enzyme, a chelating agent, and a metal ion, apo-BCA, the apoenzyme, LnZn, a coordination
compound, and K. is the equilibrium constant between (BCA)Zn + L and (BCA)ZnL. In the reaction of
zine removal from the native enzyme with 1,10-phenanthroline, 5-methyl-1,10-phenanthroline, and 2,6-,
2,3~, 2,4-pyridinedicarboxylic acid, and 2-pyridinecarboxylic acid, the reaction path was found to

be through the ternary complex (bimolecular substitution reaction) and 2,2'-bipyridine gave two path
ways (unimolecular dissociation and bimolecular substitution reactions).3) In the reaction with
EDTA, trans-l,2-cyclohexanediaminetetraacetic acid and nitrilotriacetic acid, the rate of the removal

apo-BCA + LnZn

of zinc ion from native enzyme was governed by the dissociation rate of the zinc-enzyme to a zinc ion
).3)

In the present work, the spontaneous dissociation rate constant (kd) and the formation rate
constant (kf) of the cobalt-carbonic anhydraseu) were determined and the apparent binding constant
(Kbind) was estimated from the ratio of formation (kf) and dissociation (ka) rate constants.S)

This log Kbind value was compared with that of log Kﬁind obtained by the equilibrium dialysis method.

a) Dissociation of the Cobalt-Carbonic Anhydrase In the removal of cobalt ions from the
cobalt-enzyme with chelating agents, the rate of reaction was measured by tracing the esterase ac-
tivity of the enzyme.6) Kinetic experiments were carried out at 0° in 0.2 M acetate buffer at pH 5.0
and constant ionic strength of 0.33 was maintained with NaCl.

and apoenzyme (unimolecular dissociation reaction
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In the kinetic reaction, sufficient excess of chelating agents over BCA was used so that plots
of the logarithm of the fractional residual activity vs. time gave a straight line (Fig. 1A).
log [(BCA)Co]y - [apo-BCA] _ At 1)
[(BCA)CO],
where [(BCA)Co]O is the initial enzyme concentration and [apo-BCA] is the apoenzyme concentration.
The pseudo-first-order rate constant (A) was derived from the slope of the line.

The relationship between the pseudo-first-order rate constant (A) and the concentration of
chelating agents (EDTA, nitrilotriacetic acid, or trans-1,2-cyclohexanediaminetetraacetic acid) is
shown in Fig. 1B. In the reaction with EDTA, the rate constant (A) was independent of the concen-
tration of chelating agent. This behavior is the same as that observed in zinc-enzyme reaction
with EDTA. )
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Fig. 1. Dissociaiton reaction of cobalt-carbonic anhydrase
A) Semilogarithmic plots of the transfer of cobalt ions from cobalt-enzyme to chelating agents

in 0.2 M acetate buffer, pH 5.0. O EDTA 5x10-2 M, ©® trans-1,2~-cyclohexanediaminetetra-

acetic acid 5x10-2 M, O  nitrilotriacetic acid 5x10-2 M
B) Relationship between the pseudo-first-order rate constant (A) and the concentration of che-
lating agents in 0.2 M acetate buffer, pH 5.0. O EDTA, @ trans-1,2-cyclohexanediamine~-
tetraacetic acid, @ nitrilotriacetic acid. The enzyme concentration was 1.2x10-‘1 M.
Therefore, we assumed that, in Scheme (1), the spontaneous dissociation of the cobalt-enzyme
occurs and that a path for formation of a ternary complex is not observed, hence, Eq. (2) is derived.
dlapo-BCAl/dt = k4 (BCA)Co] (2)
[(BCA)Co] = [(BCA)Col, - [apo-BCA] (3)
Equation (3) can be inserted into Eq. (2) and integration under the conditions at zero time, [apo-

BCA] = 0 gives

log { ([(BCA)Coly - [apo-BCAD)/[(BCA)Co])} = -ky-t/2.303 ()
The pseudo-first-order rate constant (A) is represented by;
A = k,/2.303 (5)
6 -1

Spontaneous dissociation rate constant (kd) was 1.2x10°° sec .

In the removal of cobalt ions from cobalt-enzyme with trans-1,2-cyclohexanediaminetetraacetic
acid and nitrilotriacetic acid, plots of the pseudo-first-order rate constant (A) against the con-
centration of a chelating agent ([L]O) gave a straight line with an intercept (Fig. 1B).



Chemistry Letters, 1977 477

The value of the intercepts in EDTA, trans-1,2-cyclohexanediaminetetraacetic acid, and nitrilotri-
acetic acid was almost the same. Therefore, in the case of cobalt ion removal reaction with nit-
rilotriacetic acid and trans-1,2-cyclohexanediaminetetraacetic acid, both unimolecular dissociation
reaction of the spontaneous dissociation of the cobalt-enzyme and bimolecular substitution reaction
of the ternary complex formation are considered to take place. This behavior is the same as that
observed in the zinc-enzyme reaction with 2,2'—bipyridine.3)
Therefore, the appearance of apoenzyme is given by

d[apo-BCAl/dt = kd[(BCA)Co] + kt[Ljo[(BCA)Co] = (k.d + kt[LJO)[(BCA)Co] (6)
where kt is the rate constant of the bimolecular substitution reaction. Hence, the pseudo-first-
order rate constant is represented by

A =k4/2.303 + kt[L]o/2-303 (7
Extrapolation of the dissociation rate constant (A) to zero concentration of a chelating agent gives
an intercept which is considered to be the spontaneous dissociation rate constant (kd) of the cobalt-
enzyme. From the reaction with trans-1,2-cyclohexanediaminetetraacetic acid and nitrilotriacetic

-1 ang l.lxlO-6 sec-l, respectively.

acid, kd values were obtained l.2x10_6 sec
b) Formation Rate Constant of Cobalt Ion with Apoenzyme The apoenzyme
its activity when cobalt ion was added.S) The following experiments were carried out to determine
the formation rate constant of cobalt with apo-BCA at pH 5.0 (O°,‘p=0.33).9) The appearance of
esterase activity follows apparent second-order kinetics to 70-80% completion under our experimental

conditions. The formation reaction of a cobalt ion with apoenzyme is expressed by

2 easily recovered

Apo-BCA + Co°T X [(BCA)CO] (8)
The second-order rate equation is followed by
2+
B = 1n [apo-BCA]p([Co“"Jg - [(BCA)Co]) - kf([002+]0 _ [apo-BCA]o)t (9)

[Co**]o([apo-BCA], - [(ECA)COI)
where [apo—BCA]0 and [002+]0 are the initial concentrations of apoenzyme and cobalt ions, respec-
tively, and [(BCA)Co] is the concentration of active enzyme.
In Fig. 2, the function B is plotted against

t for the experiment at pH 5.0, pu=0.33, with 0.0 \.
[apo-BCA] = 1.2x107" M and [Co?*] = 3x107" M. Tt
is seen that reasonably good adherence to the
second order rate law is observed and the second- -0.2 °
order rate constant for various concentrations of
cobalt is shown in Table I. Therefore, the forma- B @ °
tion constant (kf) between apo-BCA and a cobalt -0.4
ion was obtained as 7.2x107F M tsecL.
¢) The Apparent Binding Constant between Apo- PN
BCA and Cobalt Ton The binding constant -0.6
between apo-BCA and cobalt ions will be given by
the following equationslo): . ]
0 20 40 60 80
Apo-BCA + Co°t KL [(BCA)CO] (11) t (min)
Kb _ [(BcA)Co] - ﬁ (12) Fig. 2. Representativeziecond order plots
ind [apo—BCA][Co2+] kg for the reaction of Co” with apocarbonic
The dissociation rate constant (ky) of cobalt- anhydrase at pH 5.0, 0° in 0.2 M acetate
enzyme and the formation rate constant (k) be- buffer (“=?;33)~ AP°§:ZYme concentration
tween apoenzyme and a cobalt ion were determined was E;ZXlO M and Co concentration,
3x10 M.

as shown a) and b) above.
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Therefore, the binding constant between apoenzyme and cobalt lon derived from the ratio of the dis-
sociation (kd) and the formation (kf) rate constant (Table I) and its binding constant is given in
Table II.

In order to prove the validity of the binding constant derived by this kinetic method, equili-
brium dialysis was carried out in 0.2 M acetate buffer at pH 5.0. Cobalt-enzyme was dialyzed against
0.2 M acetate buffer containing various concentrations of a chelating agent (2-pyridinecarboxylic
acid and 8-hydroxyquinoline-5-sulfonic acid) at 4° in equilibrium dialysis cells. The binding
constant was calculated by the method of Lindskogs) and these values are given in Table IT.

The values for log Kbind obtained by the equilibrium dialysis were almost the same, in spite
of the different kind of chelating agents used. Similarly, the value of log Kbind obtained by ki-
netlc experiments was consistent with that obtained by the equilibrium dialysis method.

The dissociation rate constant of cobalt-enzyme (1.2x10_6 sec_l) was almost the same as that of
zinc-enzyme (l.OxlO_6 sec_l).3) However, the binding constant of the zinc enzyme is three orders
larger than that of cobalt-enzyme. This may be interpreted by the fact that the formation rate

constant of zinc-enzyme was much larger than that of cobalt-enzyme.9)
Table I. Reaction of 002+ with apo-BCA at Table II. Determination of binding constant for
pH 5.0, 0°, in 0.2 M acetate buffer (u=0.33) cobalt-carbonic anhydrase by various methods at pH
5.0
Concentration of Co2+ Formation rate constant
s (kp) e oDy Methods log Kgind
™M)
1.5 0.60 1. Bquilibrium diaiysis
3-0 0.68 2-pyridinecarboxylic acid 6.0£0.3
5-0 0.78 8-hydroxyquinoline-5-
7.5 0.78 sulfonic acid 6.2£0.4
10.0 0.78
0.72£6TIE 2. Kinetics 5.8+0.1
4 All experiments were carried out in 0.2 M acetate

Apoenzyme concentration was 1.2x10 ' M in all
buffer at either 0° or U4° and enzyme concentration

experiments. y
was 1.2x10° M.
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