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benzenesulphonamrde-HCl to Afft-Gel 10 (Bra-Rad) 
Unreacted sates were blocked by ethanolamine and 
the gel equrhbrated with 0.2 M Trrs-SO4 buffer pH 
9. HCAB was eluted with 0.1 M Trrs-SO4 buffer pH 
7.0 contaimng 0.4 M KI. The enzyme product 
showed a single band on SDS-gel electrophoresrs with 
an apparent molecular weight of 29,000 [12]. The 
concentration of the enzyme was measured by the 
absorbance at 280 nm assummg a molar extinction 
coefficient of 4.73 X lo3 M-l cm-‘. 

Mammalian carbonic anhydrase 1s a metallo- 
enzyme consisting of a single polypeptide chain 
containing one zinc cation [ 11. X-ray crystallo- 
graphic data for the human carbon anhydrase C 
rsoenenzyme suggested that the zinc 1s 4-coordi- 
nate and bound to three histidyl residues and one 
water molecule [2, 31, however more recent kinetic 
evrdence suggests that a fifth coordmatron site 
[4] might also be present. 

The zinc cation is 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 ion [S] . 
The kinetics of dissociatron of zinc or cobalt from the 
corresponding forms of bovme carbonic anhydrase 
(BCA) rn the presence of various chelating agents has 
been studied by several groups [6-lo]. Evrdence 
suggests that in most cases the loss of metal takes 
place via a ternary complex mvolvrng the apoenzyme, 
metal ion and the chelating agent. However for zinc 
BCA m the presence of EDTA, it appears that the 
rate of removal of the zinc IS governed by the rate of 
spontaneous dissocratron of the zmc enzyme [S] . 

This paper presents the results of an mvestrgatron 
of the kinetics of removal of zinc from human car- 
borne anhydrase B by various chelatmg agents. The 
study makes possible a comparison of the drssocra- 
tion of the human and bovme forms of the enzyme. 

Carbonic anhydrase actrvtty was determmed at 
pH 7.5 using p-mtrophenylacetate as substrate [ 131. 
A molar extinction coefficient of 1.39 X lo4 M-’ 
cm-’ at 400 nm was used for p-mtrophenol. 

The krnetrcs of removal of zinc from HCAB were 
studied at 4 “C. The reaction mixture (1 ml) con- 
sisted of HCAB (4.9 X lo-’ M) m 0.2 M sodrum 
acetate buffer pH 5 .O and the required concentratron 
(2 X 10F3-5 X lo- M) of the appropriate chelating 
agent. Although the presence of acetate ion may 
influence the demetallation of carbomc anhydrase 
[7], acetate buffer was employed for the previous 
study involvmg BCA [8] and was retained in the 
present one m order that the results from both 
studies might be dnectly comparable. The ionic 
strength of the mrxture was kept constant at 0.35 
M by addition of NaCl. Aliquots (50 ~1) were remov- 
ed at appropriate times and assayed for carbonic 
anhydrase activity as described above. Controls 
containmg no chelating agent were run alongsrde the 
test samples. 

Results and Discussion 

The mactivatron of HCAB by removal of zinc from 
the holoenzyme was studted in the presence of large 
excess of the respective chelating agents to give 
pseudo-first order condrtrons and to force the follow- 
rng equilibrium in the dnection of the apoenzyme 

HCABZn t nL =+ apo-HCAB + ZnL, 
Experimental 

2,6-Pyrrdrnedrcarboxyhc acid (2,6-PDA), p-ammo- 
methylbenzenesulphonamide-HCl and p-mtrophenyl 
acetate were obtained from Sigma Chemical 
Company, EDTA was obtained from Ajax Chemical 
Company. 1 ,lO-Phenanthrohne (phen) and 2,2’- 
bipyridme (brpy) were obtained from BHD, both 
were recrystallised before use. 

Human carbonic anhydrase B (HCAB) was prepar- 
ed from outdated human blood using a modificatron 
of the Osborne and Tashian method [l l] . The affi- 
nity gel was prepared by couphng p-aminomethyl- 

As mentroned prevrously, the removal of zinc from 
bovine carbonic anhydrase with the majority of 
chelating agents occurs through a ternary complex 
[6-lo] with the cleavage of the bond between the 
metal ran and the protein being the rate determmmg 
step. 

(CA)Zn + L ,----- * (CA)ZnL ” --+ apo-CA + ZnL 
slow 

(n - 1)L 
- apo-CA + ZnL, 

fast 
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Fig. 1. Plot of l/k,,, versus l/[L], for the phen-HCAB 
system. 

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

k 
kZKEm[L]o 

ok = 1 + KEMLILlo 
(1) 

where kobs 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 kobs against [Llo were 
curved whereas plot of l/kOb, uersus l/[L], were 
linear, as requrled 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 kz and K,, (Table I). The individual 
values were found to vary somewhat from those 
obtained for the bovine enzyme by Kidani and 
Hlrose [8] under similar condltlons (Table I). 

In contrast to the results for 2,6-PDA and phen, 
the plots of kobs against [L], for blpy and EDTA 
were linear over the ligand concentration range 
studied. Thus the KEMLILlo term in eqn. (1) must 
be Ql 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 

k ohs = MhdLlo (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. 

fast 
HCABZn kd 

l HCABtZn- HCAB t ZnL, 
rlL 

For this situation, kobs will be given by 

k ohs = kd + kZKE&Llo (3) 

and kzKEML may be obtained directly from a plot of 
k,,, versus [L] (see Table I). 
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The mechanism of dissociatton 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 bovme 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 whrch 
EDTA sequesters free zinc followmg its dissociatton 
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 chelatmg 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 [S] . 
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