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Crystalline sperm whale myoglobin (from Seravac Labs, Cape Town,
South Africa) has been showm to be isomorphous with its crystalline
azide (from Matheson, Coleman and Bell, Cincinnati) complex (Stryer, et
al., 195L). The net reaction corresponds to a simple replacement of a
water molecule from the coordination sphere of the ferric ion by the com-
plexing agent. We were interested in studying this complexing process
by both mixing and relaxation techniques. The approach to equilibrium
from the side of the two reactants was observed with a stopped- and
continuous-fiow apparatus (Chance, 1964, 1965). Chemical relaxation
was observed by perturbing the equilibrium in a temperature-jum
apparatus (Czerlinski, 1962).

Equilibrium constants between pH 4.5 and 6.5 were determined by
spectrophotometric titrations {Beckman Model DB and Cary Model 15) at

409 mu and at 420 mu for the reaction

5

E+A————EFEA

%2

with E = active site of sperm whale ferrimyoglobin, A = (total) azide,
and kl’ k2 = the rate constants. The experinments were mainly conducted
in citrate buffer. The equilibrium and kinetic results are swmmarized
in Table I.

In the rapid-flow experiments and in the relaxation experiments,
the ferrimyoglobin concentrations range from 2 to more than 200 WM.

The azide concentrations very from I uM to 100 mM. In spite of these

* To whom requests for reprints should be addressed
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TARLE I

Summary of Equilibrium and Kinetic Results

pi 6:5 6:0 2:2 2:2 Lo

K (uM) 2h + Lt 2h + 4 25+ L 26+ 362
1o’u1;l(1\¢“lsec'l)a 1.b + 0.3 2.7 + 0.k - 14 +5 -
ro(sec )0 0.5+ 0.1  0.8+0.2  -ex 342  -o-

-4 -1 -l.c
107 'k, (¥ Tsec ) 0.9+0.2 2.0+05 6+2 18+hL 70420
ky(sec™)° 1L.0+0.2 1.L+03 5+1 5+2 13+h
lie/kl(uM)c 110 70 53 28 19
a = Flow method

= ke was obtained in the rapid-flow experiments by using the spectro-

photometrically obtained dissociation constant K.

¢ = Relaxation method

large variations in concentrations, the rate constants never deviated
significantly from those ziven in the Table. At pH 6, phosphate buffer
was also used in place of citrate buffer, leading to values in the rate
constants which are within the error limit given in Table I. The
dependence of the rate constants upon ionic strength {0.03 <p< 0.2)
seemed to be negligible. Table I also shows a reasonably good agree-
ment between the kinetic parameters from the two different techniques.

The pH-dependence of k., can largely be attributed to a preferen-

1
tial association of ferrimyoglobin with protcnated azide (Duffey and
Czerlinski, 1965) similar to that observed by Chance (1952) with
catalase. In fact a value for kl of (8 + Q X 105M-lsec-l may be cal-
culated on the basis of complexing between the enzyme and hydrazoic
acid only, over the pH range 4.5---6.5 where the dissociation constant

of hydrazoic acid is taken as 2 x 10-%1(from International Critical

Tebles). The pH-dependence of k2, on the other hand, can be explained
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nost readily by asswming a protonic equilibrium on the protein (Duffey
and Czerlinski, 1965).

It is interesting to find that the association rate constant for
the binding of azide lies between the association rate constant for

1

imidazole (around 10°M sec™t [Alberty, 196L4]) and cyanide (around

l()51~‘1"lsec_l [George and Hanania, 1955] and [Chance, 1952]) to the
ferri-form and that for O, to the ferro-form (Millikan, 1936). At low
pll the on-rate for azide to the ferri-form is quite similar to the on-
rate for CO to the ferro-form (4 x 1074 tsec™t [Millikan, 1936] and
[Gibson, 19591). Differences in the rapid monomolecular interconver-
sions between the diffusion-limited step and the step associated with

the spectral change may account for these differences in the assocla-
tion rate constants (Duffey and Czerlinski, 1965). As a matter of fact,
the temperature-jump experiments showed a very fast change at 424 mp
(still under investization), which is quite indicative of at least one
rapid (monomolecular) step.

While the titrimetrically determined dissociation constant (X in
Table I) remaing rather constant with pH, the dissociation constant
derived from relaxation experiments (ke/kl in Table I) shows a strong
trend with pH. This disparity may result from the inclusion in K of
all pertinent prior equilibria in addition to the process at k2l mp,
whereas kg/k1 refers primarily to the "slow" step. The difference
between these association constants serves as an additional indication

of one or more repid monomolecular processes.

This work was supported in part by grants from the National

Tnstitutes of Health (GM-10888-02 and USPHS-5T1-GM-277-05).
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