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Some quantitative studies of the kinetics of peptide
hydrolysis in the presence of metal ions have been
hitherto recorded, and such divalent metal ions (M2+)
as Co(II)V and Cu(II)%® have been pronounced as
effective catalysts for the following reactions of di-
peptide (A-B) hydrolysis:

ky ky
A-B+ — ATB — B-A* 1)
kg ks
A-B#(or B-A*) — A-B-(or B-A-) 4 H+ @)
A-B-(or B-A~) + M2+ == A-B——M+(or B-A——M+)
(3)
K
A-B--M+(or B-A——M+) —= M2+ + A + B (4)
H,0

where ATB denotes the dioxopiperazine intermediate.
Recently, Long ef al.%® have noted that the rate of
glycyl-glycine hydrolysis is directly proportional to
the concentrations of Co(II), Ni(II), Zn(II), and/or
Mn(II) over the pH range of 3.8—6.0.

In the present paper, the simulation analysis was
performed on the rate of dipeptide hydrolysis catalyzed
by Zn(II), Co(II), and/or Ni(II) by means of a com-
puter technique based on the kinetic method;® also
the mechanism for the divalent metal ion-catalyzed
dipeptide hydrolysis will be briefly discussed on the
basis of ASMO-SCF and extended Hiickel MO calcu-
lations.”

Results and Discussion

Let us first discuss the simulation results on Zn(II)-
catalyzed hydrolyses of dipeptides; glycyl-L-leucine
(G-L), glycyl-L-alanine (G-A), and glycyl-glycine
(G-G). As can be seen from Fig. 1, the time conver-
sions of the dipeptide concentrations calculated with
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the rate constants listed in Table 1 were satis-
factorily in accordance with those® obtained experi-
mentally. In the absence of the Zn(II) ion, only
the acid H* (pH 5.6) accelerates a little the rate of
G-L hydrolysis.

In regard to the cleavage of peptide bond in G-L
G-A, and G-G, the order of the bond fission caused
by the Zn(II) ion, G-G>G-A>G-L, was not directly
related to that of the bond populations of their peptide
bonds (G-G=1.036; G-A=1.035; G-L=1.035); this
may be ascribed to the difference in the steric hind-

+
rances of the substituents (R, and R,) in H,NCH-
(Ry)C(=O)NHCH(R,)CO,~ to the interaction of the
Zn(IT) ion.

Next, let us discuss the rate constant, &, of Reaction
(3) in G-G hydrolysis with Zn(II), Co(II), and/or
Ni(II). Fig. 2 shows the £ values obtained experi-
mentally?) (k,,.4) and those calculated (k,,,.4) by means
of Arrhenius and activated complex theories on the
basis of least-squares error analysis. Both the £, and
kemea values were found to be identical within the
limits of technical error. As may be seen from Fig.
2, the Zn(II) ion seems to be predominant as a
catalyst for the G-G hydrolysis. This distinctive cata-
lytic nature of the Zn(II) ion is well reflected in the
distinctive kinetic data of the Zn(II) ion (see Table 2).

Finally, the mechanism for the metal ion-catalyzed
hydrolysis will be briefly discussed. The electronic

structure of G-G in a weak acid solution, H3NCH20-

10L

Concentration (xmol/0.5 ml)
o o o
> [=;] 0o

e
[

0 . . L s N s L
0 10 20 30 40 50 60 70

Reaction time (hr)

Fig. 1. Plots of dipeptide concentrations vs. reaction time
in Zn(II) ion-catalyzed hydrolysis at 95°C in pH 5.6.
(dotted curve: absence of Zn(II); solid curve: presence of
0.04M Zn(IT); O and @: experimental data cited from
Ref. 5)
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SECOND-ORDER RATE CONSTANTS?) USED FOR THE SIMULATIONS OF THE REACTION OF GLYCINE-CONTAINING

DIPEPTIDES AND DIOXOPIPERAZINES IN THE PRESENCE OF 0.04 M Zn(II) 1on AT pH 5.6 anp 95 °C

Dipeptide 103 &, 103 %_, 103 £, 10%%_, 102 kovoran® 103 & gveran®
G-G 17.5 12.5 17.5 12.5 11.8 11.8
G-A 11.25 4.0 6.25 3.0 6.25 7.25
G-L 3.75 1.5 4.5 1.5 3.25 3.25
(0.04) (0.004) (0.03) (0.005) (0.002) (0.002)

a) Strictly speaking, these second-order rate constants can be represented by k'(H+), wherein &’ denotes third order rate

constants.

The values in parentheses indicate the rate constants for G-L hydrolysis in the absence of Zn(II).

b) The rate constant for the reaction, A—B%+Mz2++H;O—sproducts.
c) The rate constant for the reaction, B— A= + M?2*++H,O—products.

TaBLE 2. KINETIC DATA FOR THE REACTION OF DIVALENT METAL ION-CATALYZED G-G HYDROLYSIS
G-G—M+ + H,0O — products

Experimental® Computer
Metal
ion A AS* AH* A ED 48* AH*
(cal/mol-K) (kcal/mol) , (kcal) (cal/mol-K) (kcal/mol)
Co(II) 5.79x10% 462 53 (8.27340.903) x10%® 54.01+0.08 +61.21+0.21 53.27+0.08
Ni(II) 5.30x10% +52 50 (1.1184+0.159) x10% 51.3040.10 +453.6540.28 50.56+0.10
Zn(II) 9.93x10 —10 25 (6.0464-0.293) x101* 25.42+0.03 —11.5240.09 24.68+0.03

a) Frequency factor, b) Activation energy,

log £ (1/mol-s)
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Fig. 2. Plots of logk wvs. temperature in glycyl-glycine
hydrolysis catalyzed by divalent metal ions. (Q:experi-
mental data cited from Ref. 4)
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Fig. 3. Electronic structure of G-G in weak acid solution.
(=0)NHCH,CO,", is® presented in Fig. 3 by the use
of the formal charges calculated by the ASMO-SCF
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method: the highest occupied (HO) MO of G-G*
is strongly localized by the nonbonding lone-pair
oxygen 2p-orbital of the CO,~ group. Bearing in
mind that the divalent metal ion behaves as an electron
acceptor against G-G#, an assumed complex, A-B--
M+ (or B-A---M*), in Egs. (2) and (3) may be re-
presented by the following interacting system:

. ,CH, e
H3N/ \c/ \CH/ \Q M+

|
o

The distinctive nature of the Zn(II) ion mentioned
above may be the result of the low-lying, lowest-un-
occupied (LU) AO level of the Zn(II) ion; In view of
the orbital energies of the LU AOs of the metal ions
(—9.39 eV? for the Zn(II) p-orbital; —7.86eV? for
the Co(II) d-orbital; —7.633 eV® for the Ni(II) d-
orbital) and the HOMO of the nonbonding lone-pair
2p-orbital of oxygen (—10.50 €V) in the terminal CO,-
group, it seems from the energetic point of view!® that
the Zn(II) ion may interact easily and strongly with
G-G* in the above interacting system. Therefore,
the nucleophilic attacking of the H,O molecule on the
more positively-charged carbonyl carbon in the peptide
bond may be expected in the case of G-G—Zn*.
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