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A natural enzyme often shows strict speci
ficity so that it is hard to use for a reaction of 
less specific substrates. Modulation of the en
zyme function through structure, by either 
genetic or chemical procedure may eliminate 
this difficulty. A number of studies on chemi
cal modification of enzyme has been perform
ed to elucidate the detailed reaction mech
anism and the results are very interesting for 
practical use of enzyme reactions. One exam
ple is the peptide formation catalyzed by a 
proteolytic enzyme. Here we take thermolysin, 
a thermostable neutral protease from B. ther
moproteoliticus, 1 as the target. This enzyme 
can catalyze a condensation of N-acylamino 
acid and amino acid amide (eq 1: AC, acyl
group; AA and AA', amino acid residue). 2 

AC-AA+AA'-NH2 ~AC-AA-AA'-NH2 (1) 

We have investigated several kinetic aspects 
of free and immobilized thermolysin. 3 •4 On the 
mechanism of this enzyme Vallee's school re
ported extensive studies5 - 7 and showed that 
this enzyme exhibits different catalytic be
havior when the active site zinc ion is replaced 
by cobalt ion 7 or when Tyr-110 was acylated 
with N-acetylamino acid.6 The latter result 
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was further certified by another independent 
group. 8 Though a peptide condensation re
action is the reverse reaction of hydrolysis, 
there are many factors controlling the rate and 
yield and therefore the effect of chemical modi
fication on the condensation reaction cannot 
be estimated straightforward from the results 
of hydrolytic reactions. 

Recently, studies on the effect of metal 
substitution of thermolysin on the peptide 
synthesis were reported for the free (soluble) 
and immobilized states of an enzyme.9 • 10 Here 
we examine the effect of acylation on a few 
simple condensation reactions catalyzed by 
thermolysin immobilized on glass matrices. 
The immobilized state is chosen for ease of 
various chemical treatments and feasibility of 
applications. Since immobilization of an en
zyme is already a "chemical" modification, 
this example is a sort of double modification. 

EXPERIMENT AL 

Thermolysin (donated by Daiwa Kasei Co., 
Ltd., Osaka, Japan; Lot T4KB31, 32) was 
immobilized on porous glass beads (FPG-
700S; 200-400 mesh, Wako Pure Chemicals, 
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Osaka, Japan) by the method of Kousaka 11 
using y-aminopropyltriethoxysilane (Tokyo 
Kasei, Tokyo, Japan) as a pendant and glutar
aldehyde as a linker. 12 The immobilization 
yield was estimated from the UV absorption of 
the washing eluent to be about 55% of the 
initial amount of the enzyme. Thus immobi
lized thermolysin (Im-TLN) was acylated by 
N-acetylamino acid N-hydroxysuccinimide es
ter (Ac-Xxx-OSu; Xxx = Phe or Ala) essen
tially following the method of Blumberg 
et al. for the soluble enzyme. 6 N-[3-(2-
Furyl)acryloyl]dipeptide amide was used in the 
hydrolytic study after our previous kinetic 
studies on the soluble enzyme3 - 5 and hence a 
combination of N-([3-(2-furyl)acryloyl]amino 
acid (Fua-Xxx) and amino acid amide was 
chosen for the condensation reaction. Im
mobilized enzyme was assayed by analyzing 
a portion of reaction mixture taken at intervals 
on HPLC (Shimadzu LC6A-Cosmosil 5Cl8-
P) after quenching by mixing with an excess 
volume of acetonitrile and 5%-aqueous phos
phoric acid. Activities were expressed in terms 
of % substrate hydrolyzed after the indicated 
time with 10mg (wet) of Im-TLN placed in 
1 ml of solution for the hydrolysis reaction. 
The condensation reaction was carried out in 
75 (v/v)% acetonitrile with amino acid amide 
in excess. The result is expressed in terms of the 
obtained amount of product relative to the 
initially given amount of the acyl moiety. 

RESULTS AND DISCUSSION 

Table I shows the influence of acylation on 
the hydrolysis of some dipeptide substrates. 
The Ac-Phe-acylated Im-TLN showed higher 
hydrolytic activity on Fua-Gly-Phe-NH2 and 
Fua-Gly-Leu-NH2 than the control. On the 
contrary, the Ac-Phe-acylated enzyme showed 
a considerably smaller hydrolytic rate on Fua
Phe-Phe-NH2 and Fua-Phe-Leu-NH2. For 
the free thermolysin, the acylation with N-Ac
Phe-OSu was reported to show an acceleration 
of the hydrolysis of Fua-Gly-Leu-NH2 over 
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Table I. Effect of acylation on peptide hydrolysis 
by immobilized TLN 

Hydrolyzed amount• 
Substrate k b 

A 

Control Ac-Phe-Im-TLN 

Fua-Gly-Leu-NH2 II 36 1.9 
Fua-Gly-Phe-NH2 12 39 2.1 
Fua-Phe-Leu-NH2 43 4.6 32 
Fua-Phe-Phe-NH2 37 7.4 37 

• Amount (;~) of hydrolyzed substrate after I min in
cubation with 10mg (wet)/ml Im-TLN at pH 7.0, 
37°C. [substrate]= I mM. 

b Second-order rate constant of the hydrolysis by free 
enzyme (at pH 6.5, 25"C, in 10" M- 1 s- 1 ) to show the 
specificity of each substrate. 

Table II. Effect of acylation on peptide condensation 
catalyzed by immobilized TLN 

Substrate 

Fua-Gly+ Leu-NH2 

Fua-Gly+ Phe-NH2 

Fua-Phe + Leu-NH2 

Fua-Phe + Phe-NH2 

Product yield (%)" 

Control Ac-Phe- Ac-Ala-

19 
6.9 

73 
57 

40 
16 
77 
61 

18 
5.5 

77 
57 

• Product (%) observed after 6 h incubation of I mM 
acyl moiety with 20mM amino part and 10mg 
(wet)/ml lm-TLN at pH 7.0, 37°C. 

20 fold,6 which is larger than the present case. 
This might be caused by a possible difference 
in the efficiency of the acylation reaction and 
the present discrete method of the observing 
the hydrolytic reaction. 

The modified Im-TLN showed peptide syn
thetic ability as summarized in Table II. In the 
case of the smaller acyl moiety (Fua-Gly) Ac
Phe-acylated Im-TLN showed higher yield 
than the control while practically no influence 
of the acylation was observed with the larger 
acyl moiety (Fua-Phe). Acylation with Ala 
derivative gave similar results with the native 
one. 

The acylation site of thermolysin by Ac
Phe-OSu was estimated as Tyr-110,6 which was 
located on the side wall of the substrate bind-
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ing site. 13 The introduction of a large side 
chain by acylation with Phe derivative may 
increase the interaction between the binding 
site and the substrate of smaller side chain to 
make it fixed in a preferable geometry for the 
hydrolytic reaction. On the other hand, it 
hinders the incorporation of a rather large 
amino acid side group such as Phe and Leu to 
make it unfavorable for the reaction. In the 
case of a peptide condensation reaction cata
lyzed by Im-TLN, the interaction of the acyl 
part of the substrate of smaller side chain with 
Phe-group attached on the enzyme may be 
preferable for the peptide condensation and 
increase the yield. However, hindrance to large 
acyl components is apparently less than that 
for hydrolysis. This is related to the fact that 
the peptide condensation reaction by this en
zyme is largely equilibrium-controlled for a 
combination of specific substrates.2 It is 
noted that the modified lm-TLN has catalytic 
activity for the condensation reaction of spe
cific substrates comparable to the native one 
and the effect of modification is only an in
crease in activity for the condensation of less 
specific substrates, i.e., to broaden substrate 
specificity. 
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