of 1-phenoxy-octa-2E,7-diene — a readily accessible co-oligomer of butadiene and phenol.
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IDENTIFICATION OF CATIONS IN THE ACTIVE CENTERS OF
THE CARBOXYPEPTIDASE OF Streptomyces griseus AND THE
AMINOPEPTIDASE OF Aspergillus oryzae

V. V. Malyarenko, N. V. Lysenkov,
A. E. Podrushnyak, M. V. Kolodzeiskaya,
and L. A. Konoplich UDC 577.152

It has been shown by atomic adsorption spectroscopy that the active center of the
molecule of the carboxypeptidase of Streptomyces griseus contains 1 zinc atom and
that of the aminopeptidase of 4dspergillus oryzae 1 cobalt atom. The latter was
also confirmed by the ESR method. In additiom to the cobalt, 0.3 g-atom of
strongly bound zinc, upon the pressure of which the enzymatic activity does not
depend, has been found in the aminopeptidase.

As a rule, the activity of peptidases depends on the presence of bound metals — magnesium,
cobalt, calcium, zinc, manganese, etc. Their roles in enzymatic reactions of peptidases are
extremely diverse [1—3]. The metal present in the active center performs the function of a
"bridge'" binding the substrate with the enzyme in the formation of the intermediate complex,
acts on the substrate, and creates or stabilizes a definite conformation of the molecule
that is necessary for catalysis.

We give the results of a determination of the amounts of metal ions in the active centers
of the carboxypeptidase of Streptomyces griseus and the aminopeptidase of Aspergillus
oryaae. '

The enzyme preparations were additionally purified by dialysis against double-distilled
water at +4°C. To obtain the apoenzymes, o-phenanthroline was added to the enzyme solution
before dialysis. After 3 h, the enzyme had lost its activity completely, while in a control
the activity was almost completely retained. The excess of complex-forming agent and the
metal cations bound to it were eliminated from the solution of the apoenzyme by dialysis.
The apoenzyme obtained was analyzed in a similar manner to the initial preparation. 1In a
native preparation of the carboxypeptidase of Streptomyces griseus, 1.15 atoms of zinc
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TABLE }. rAmounts

7of Metals in Peptidase Molecules

Method of determination
atomic absorption :
Enzyme spectroscopy ESR spectroscopy | gdfoé}:;v;fne,
Zn l Co I Mn Co Mn amu
"g-atom/mole of protein ,g‘-atom/mo le of pretein
Aminopeptidase of
Aspergillus oryzae 0,3 1.1 Tr. 0,9 Tr. 60000
Carboxypeptidase of
Streptomyces griseus 1.15 Tr., Tr. Tr. Tr., 29000
Carboxypeptidase A. 1,05 Tr. Tr. — — 34600
TABLE 2. Parameters of the Determination of the Elements in
Peptidases by Atomic Absorption
Wave- | Opti- . Parameter —
Element | Sousce of monochromatic [length,| cal | deying ashing - atomization
radiation nm | slit, B l L C . I i c tr tC
am | ! , C . ,
|
Zinc Holow~cathode Iam,; ] % L
for Zn C e13.9] 0730 100] 20 | 300) 15 |18
|
Cobalt Hollow-cathodelamp o409 7| 021} 30; 100 | 40 i 1100 ¢ 20 | 2600
for Co .
Manganese Hollow-cathode lamp 279,5 0.2 (23 100 30 } 1000 15 l 200
for Mn, \

calculated to a molecule of the protein, taking the molcular weight as 29,000 [4], was found
by atomic absorption. Only traces of it were detected in the apoenzyme. Of other metals,
traces of cobalt and manganese were found both in the native enzyme and in the apoenzyme.

Traces of cobalt and manganese were found in the same preparations by ESR spectroscopy.
No copper or iron was detected either at room temperature or at —273°C (Table 1).

Thus, the active center of the carboxypeptidase of Str. griseus contains one zinc atom.

The aminopeptidase of Asp. oryzae was investigated in a similar manner. Cobalt and
zinc were detected in the initial preparation by atomic absorption spectroscopy (see Table
1). The amount of cobalt was 1.1 g-atom and that of zinc 0.3 g-atom per one mole of protein
if its molecular weight is taken as 60,000 [5].

Using ESR spectroscopy at —273°C, 0.9 g-atom of cobalt permole of protein was found in the
pative aminopeptidase. No copper, iron, or manganese cations were detected.

In the apoenzyme that had lost its activity completely, the concentration of Co?* had
been halved while that of Zn2t had scarcely changed. The cobalt is apparently located in
the active center of the aminopeptidase and the zinc is strongly bound to other sections of
the molecule.

As we have shown previously, at molar concentrations of cations exceeding the concen-
tration of enzyme by factors of 10-103 the activity of the aminopeptidase is 847 restored
by Mn2t, 92% by zn?t, and 270% by Co?t (taking the activity-of the native preparation as
1007):

" Concentration Concentration Activity
Cations of the salt, M of the protein, M %
| Co’+ 10~ 109 —1077 270
Znlt 104 1076 —10=7 92
Ma2t 10~4 1076 —1077 84

However, in this case the metal may not be included only in the active center. The presence
of several centers of binding of metals has also been discussed for the thermophilic amino-
peptidase of Bac. stearothermophilus and the leucine aminopeptidase of the crystalline lens
of the bovine eye [3]. It is possible that in this case the zinc ions are bound with the
sulfhydryl groups, as has been shown for the case of carboxypeptidase A and leucine amino-
peptidase [6, 7].
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EXPERIMENTAL

Trace elements were determined by atomic absorption spectroscopy on a Perkin-Elmer
model 403 instrument with a HGA-74 carbon atomizer. The sensitivity of the method was 0.02
pg/ml. The absorption was recorded for the absorption lines of zn?+ at 213.9 mm, Mn?t at
279.5 nm, and Co?T at 240.7 nm. Cathode lamps were used as sources of monochromatic radia-
tion. The spectral slit width of the monochromator for Mn?t and Co?+ was 0.2 nm and for
Zn?t 0.7 nm (Table 2).

Freshly~prepared dilute solutions of pure salts of the corresponding metals were used
as standards,

Solutions of the initial homogeneous preparations, the preparation of which has been
described previously [4, 5] were dialyzed against double-distilled water at +4°C in quartz
capillaries with frequent changes of the water for 48 h. The carboxypeptidase activities in
the enzyme solutions obtained were determined from the hydrolysis of benzyloxycarbonyl-
glycylleucine, and aminopeptidase activities from the hydrolysis of leucylglycylglycine [8].

The apoenzymes were obtained by treating the proteins with o-phenanthroline, for which
purposes 30 mg of o-phenanthroline was added to 30 mg of the initial protein dissolved in
3 ml of double-distilled water and the mixture was incubated at room temperature for 24 h.
Subsequent dialysis for 48 h was carried out in order to eliminate the excess of complex~—
forming agent and its complex completely.

The amounts of C02+, Zzn?t, and Mo?* as the most probable metals for the active centers
of peptide hydrolases were determined in the initial proteins and the apoenzymes. The ESR
spectra of aqueous solutions of the enzymes were recorded in an instrument of the TSN-254
type in the 3-cm range at room temperature in a plane cell, and those of frozen solutions
at —273°C (77°K) in 3-mm sealed quartz capillaries.

SUMMARY

It has been shown by atomic-absorption and ESR-spectroscopic methods that the active
center of the molecule of the carboxypeptidase of Streptomyces griseus contains one atom of
zinc, and the active center of the aminopeptidase of Aspergillus oryzae has been found to
contain one atom of cobalt.
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