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Mammahan carbonic anhydrase 1s a metallo-
enzyme consisting of a single polypeptide chain
containing one zinc cation [1]. X-ray crystallo-
graphic data for the human carbon anhydrase C
1soenenzyme suggested that the zinc 15 4-coordi-
nate and bound to three histidyl residues and one
water molecule [2, 3], however more recent Kinetic
evidence suggests that a fifth coordination site
[4] might also be present,

The zinc cation 1s essential for enzyme activity
and removal of it to produce the apoenzyme leads to
deactivation; activity of the apoenzyme can be
restored by addition of either zinc or cobalt 10n [5].
The kinetics of dissociation of zinc or cobalt from the
corresponding forms of bovine carbonic anhydrase
(BCA) 1n the presence of various chelating agents has
been studied by several groups [6—10]. Ewidence
suggests that in most cases the loss of metal takes
place via a ternary complex mvolving the apoenzyme,
metal ion and the chelating agent. However for zinc
BCA 1n the presence of EDTA, it appears that the
rate of removal of the zinc 1s governed by the rate of
spontaneous dissociation of the zinc enzyme [8].

This paper presents the results of an mnvestigation
of the kinetics of removal of zinc from human car-
bonic anhydrase B by various chelating agents. The
study makes possible a comparison of the dissocia-
tion of the human and bovine forms of the enzyme.

Experimental

2 6-Pyndinedicarboxylic acid (2,6-PDA), p-amino-
methylbenzenesulphonamide-HCl and p-nitrophenyl
acetate were obtamed from Sigma Chemical
Company, EDTA was obtained from Ajax Chemical
Company. 1,10-Phenanthroline (phen) and 272'-
bipyridine (bipy) were obtained from BHD, both
were recrystallised before use.

Human carbonic anhydrase B (HCAB) was prepar-
ed from outdated human blood using a modification
of the Osborne and Tashian method [11]. The affi-
nity gel was prepared by coupling p-aminomethyl-
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benzenesulphonamide-HCI to Affi1-Gel 10 (Bio-Rad)
Unreacted sites were blocked by ethanolamine and
the gel equilibrated with 0.2 M Trs-SO4 buffer pH
9. HCAB was eluted with 0.1 M Tris-SO4 buffer pH
7.0 containng 04 M KI. The enzyme product
showed a single band on SDS-gel electrophoresis with
an apparent molecular weight of 29,000 [12]. The
concentration of the enzyme was measured by the
absorbance at 280 nm assuming a molar extinction
coefficient of 4,73 X 103 Mt cm™.

Carbonic anhydrase activity was determined at
pH 7.5 using p-nitrophenylacetate as substrate [13].
A molar extinction coefficient of 1.39 X 10* M
cm™! at 400 nm was used for p-nitrophenol.

The kinetics of removal of zinc from HCAB were
studied at 4 °C. The reaction mixture (1 ml) con-
sisted of HCAB (4.9 X 107° M) in 0.2 M sodium
acetate buffer pH 5.0 and the required concentration
(2 X 107=5 X 1072 M) of the appropriate chelating
agent. Although the presence of acetate ion may
influence the demetallation of carbonic anhydrase
[7], acetate buffer was employed for the previous
study involving BCA [8] and was retained in the
present one 1n order that the results from both
studies might be directly comparable. The ionic
strength of the mixture was kept constant at 0.35
M by addition of NaCl. Aliquots (50 ul) were remov-
ed at appropriate times and assayed for carbonic
anhydrase activity as described above. Controls
containing no chelating agent were run alongside the
test samples.

Results and Discussion

The mactivation of HCAB by removal of zinc from
the holoenzyme was studied in the presence of large
excess of the respective chelating agents to give
pseudo-first order conditions and to force the follow-
ing equilibrium in the direction of the apoenzyme

HCABZn + nL = apo-HCAB + ZnL

As mentioned previously, the removal of zinc from
bovine carbonic anhydrase with the majority of
chelating agents occurs through a ternary complex
[6—10] with the cleavage of the bond between the
metal 10n and the protein being the rate determining
step.

K K
(CAYZn + L =2 (CA)ZnL — > apo-CA + ZnL

slow
(m-1L

—>apo-CA + ZnL,,
fast
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TABLE 1. Kinetic Parameters for the Reaction of Human Carbonic Anhydrase B? and Bovine Carbonic Anhydraseb Zn?* Holoenzymes with Vanous Chelating Agents.

8Measured at 4 °C in 0.2 M acetate buffer (pH 5.0, u =0.35).
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Fig. 1. Plot of 1/kgng versus 1/[L], for the phen-HCAB
system.

Assuming that k, 1s slow, and because L 1s in large
excess, all steps after the first equilibrium are essen-
tially irreversible. For this case,

- k2KEML[L]o
1+ Kemu[L]o

where kg, is the rate of appearance of the apo-
enzyme and [L], 1s the initial ligand concentration.

The rate of zinc removal, as measured by the loss
of enzyme activity, was determined over a range of
concentrations for each chelating agent. For 2,6-
PDA and phen the plots of kqps against [L], were
curved whereas plot of 1/kgyg versus 1/[L], were
linear, as requned by eqn (1); the plot for the phen
system 1s shown in Fig. 1. The experimental data
for these two systems were fitted directly to (1)
using a weighted non-linear least squares program to
yield values for kp and Kgyy (Table I). The individual
values were found to vary somewhat from those
obtained for the bovine enzyme by Kidani and
Hirose [8] under similar conditions (Table I).

In contrast to the results for 2,6-PDA and phen,
the plots of kgps against [L], for bipy and EDTA
were linear over the ligand concentration range
studied. Thus the Kgpp[L], term in eqn. (1) must
be <1 in these latter two cases indicating that there
is no significant build up of the ternary complex
(HCABZnL) during the reaction. For this situation
eqn. (1) reduces to

Kobs = kK2Kemu[L]o (2)

However since both bipy and EDTA are very slow
to remove zinc from HCAB, the ‘spontaneous’ disso-
ciation of zinc from HCAB also becomes significant-

M

obs

k fast
HCABZn —%—HCAB + Zn —— HCAB + 2L,
n

For this situation, k¢ Will be given by
Kobs =kq + k2Kemw[L]o (3)

and k,Kgpyg, may be obtained directly from a plot of
kobs versus [L] (see Table I).
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The mechanism of dissociation of zinc from HCAB
in the presence of bipy appears similar to that of the
bovine enzyme studied by Kidani and Hirose [8].
However, for the EDTA case, significant differences
between the human and bovine enzymes were observ-
ed. For the human enzyme, as discussed above, two
pathways appear to operate for production of the
apoenzyme. The first is a first-order process in which
EDTA sequesters free zinc following its dissociation
from the holo-enzyme whereas the other 1s a second-
order process involving formation of a ternary com-
plex of zinc, protein and EDTA. The first-order
mechanism appears to be solely operative in the
bovine carbonic anhydrase-EDTA system under the
conditions used [8]. With this exception, the mecha-
nism of dissociation of the human enzyme in the
presence of the other chelating agents thus appears
generally similar to that for bovine carbonic
anhydrase even though individual rate and equilib-
rium constants vary somewhat between the systems.
Such variations are most readily rationalised in terms
of minor differences in the active sites of these two
forms of the enzyme [5].

References

1 8. Lindskog, L. E. Henderson, K. K. Kannan, A. Liljas,
P. O. Nyman and B. Strandberg, ‘The Enzymes’, Vol. 5,

10
11

12
13

L239

3rd edn., ed. by P, D. Boyer, Academic Press, New York,
pp. 587-665 (1971).

K. K. Kannan, A. Liljas, 1. Vaara, P.-C. Bergstén, S.
Lovgren, B, Standberg, U. Bengtsson, U. Carlbom, K.
Fridborg, K. Jarup and M. Petef, Cold Spring Harbor
Symp. Quant. Biol., 36, 221 (1971).

A. Liljas, K. K. Kannan, P.C. Bergstén, 1. Vaara, K.
Fridborg, B. Strandberg, U. Carlbom. L. Jarup, S.
Lovgren and M. Petef, Nature (London), New Biol,
235, 131 (1972).

Y. Pocker and T. L. Deits, J. Am. Chem. Soc., 103, 3949
(1981).

R. H. Prince, in ‘Advances in Inorganic Chemistry and
Radiochemistry’, Eds. H. J. Emeleus and A. G. Sharpe,
Vol. 22, Academic Press, New York, 1979.

Y. Pocker and C. T. O. Fong, Biochemistry, 19, 2045
(1980).

A. Y. Romans, M. E. Graichen, C. H. Lochmiiller and
R. W. Henkens, Bioinorg Chem., 9, 217 (1978).

Y. Kidani and J. Hirose, J Bwochem., 81, 1383 (1977).
Y. Kidani, J. Hwrose and H. Koike, J. Biochem., 79,
43 (1976),

J. Hirose and Y. Kidani, Chem. Pharm. Bull., 26, 1768
(1978),

Y. Kidani and J. Hirose, Biochem. Biophys. Res.
Commun,, 82, 506 (1978);

J. Hirose and Y. Kidam, J Inorg. Biochem., 14, 313
(1981).

P. C. Harrington and R. G. Wilkins, J Inorg. Biochem.,
12,107 (1980).

W. R. A. Osborne and R. E. Tashian, Anal Biochem.,
64, 297 (1975).

U. K. Laemmli, Ngture (London), 227, 680 (1970).

R. W. Henkens and J. M. Sturtevant, J. Am. Chem. Soc.,
90, 2669 (1968).



