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Abstract

A peptide inhibiting HIV-1 protease was isolated from the hydrolysate of manila clam (Ruditapes philippi-
narum) proteins digested with thermolysin. The peptide was purified by using membrane filtration, gel per-
meation chromatography, ion exchange chromatography, and reverse phase HPLC. The amino acid sequence
of the peptide was determined to be Ile-Tyr-Glu-Gly. This tetrapeptide sequence exists in some proteins of
Physarum polycephalum and Mycobacterium smegmatis. Chemically synthesized Ile-Tyr-Glu-Gly showed the ICsp

value of 22.3 nM.
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INTRODUCTION

The human immunodeficiency virus type-1 (HIV-1), the
causative agent of acquired immunodeficiency syndrome
(AIDS), belongs to the retrovirus family. The HIV-1 pro-
tease is a virally encoded protease that serves to cleave
the gag and gag-pol polyprotein precusor into mature and
functional proteins. This specific proteolysis occurs late
in the viral life cycle and is essential for the maturation
of the infectious virus (1). Therefore, HIV-1 protease in-
hibitors have been extensively investigated as antiviral
agents for the control of HIV-1 infection (2-4). Analysis
of the sequences of retroviral proteases led to the sug-
gestion that these enzymes were members of the aspartic
protease family, on the basis of the observed conservation
of a characteristic Asp-Thr-Gly active site sequence (5-7).
For this reason, HIV-1 protease was found to be inhibited
in vitro by pepstatin A and acetyl-pepstatin (7-9). There
are reports of HIV-1 protease inhibitors from natural sou-
rces such as ¢ -microbial alkaline protease inhibitor (10),
lignin-like substance derived from an edible mushroom,
Fuscoporia obliqua (11,12), and native Korean plants (13).
Saquinavir, ritonavir, indinavir, nelfinavir and amprenavir
have been approved by the FDA and are being used in
AIDS therapy in combination with reverse transcriptase
inhibitors. However, the ability of the virus to generate
resistant mutants (14,15) suggests that there is an ongoing
need for new, structurally diverse HIV-1 protease inhi-
bitors.

Thus, we searched for HIV-1 protease-inhibiting sub-
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stance from manila clam extracts, and observed a HIV-1
protease-inhibiting activity in the thermolysin hydrolysate
of manila clam proteins. This report describes the isolation
and identification of the HIV-1 protease inhibitory peptide
from the hydrolysate.

MATERIALS AND METHODS

Materials

Recombinant HIV-1 protease, and HIV protease sub-
strate 11 (His-Lys-Ala-Arg-Val-Leu-p-nitro-Phe-Glu-Ala-
Nle-Ser-NH;) were purchased from Bachem Feinchemi-
kalien AG (Switzerland). Tle-Tyr-Glu-Gly was synthesized
at the Korea Basic Science Institute (Seoul, Korea). Manila
clams were harvested from the southwestern coast of Ko-
rea.

In vitro assay for the HIV-1 protease inhibitory ac-
tivity

An assay mixture containing 100 uL of buffer (100 mM
sodium acetate, pH 4.9, 200 mM NaCl, 5 mM dithioth-
reitol, and 10% glycerol), 10 UL of a prepared sample and
25 uL of a solution of recombinant HIV-1 protease (0.020
mg/mL) was preincubated for 5 min at 37°C, and then
10 uL of substrate solution (1 mg/mL in H,O) was added.
The tube containing the mixture was incubated for 15 min
at 37°C and the reaction was stopped by the addition of
15 pL of 10% trifluoroacetic acid (TFA). Then, 20 pL of
the solution was applied to a Zorbax 300SB Cg column
(4.6 X150 mm, Agilent Technologies) for reverse-phase
HPLC (HP 1100, Hewlett Packard Co., USA) and was elu-
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ted with a linear gradient of acetonitrile (0~63%) in 0.1%
TFA at a flow rate of 1.0 mL/min. The p-nitro-Phe-Glu-
Ala-Nle-Ser-NH, released was measured by monitoring
the absorbance at 300 nm. The ICso value was defined
as the concentration of HIV-1 protease inhibitor required
for 50% inhibition of HIV-1 protease activity.

Purification and analysis of HIV-1 protease inhib-
itors from a thermolysin hydrolysate of manila clam
proteins

One hundred grams of the fresh raw manila clams was
boiled for 10 min in 300 mL of distilled water, then minced
and homogenized. Thirty mL of the homogenized sample
was added to 50 mL of Tris-HCI buffer (100 mM, pH 8.2,
containing 10 mM CacCl,), and then 32 mg of thermolysin
was added. After 4.5 hr of digestion at 37°C, the reaction
was terminated by boiling for 10 min at 100°C. The pre-
cipitate was removed by filtration with Toyo filter paper
(Toyo Roshi Co., Ltd.), and the filtrate was then ultra-
filtered with PM-10 membrane (Amicon Co.). The crude
peptides were applied to a Sephadex LH-20 column (26
X900 mm, Pharmacia Fine Chemicals) and eluted with
30% methanol at a flow rate of 22 mL/hr. The active frac-
tion was collected and concentrated, and then applied to
a SP-Toyopear] 650S column (16 X 650 mm, Tosoh Co.)
equilibrated with distilled water and was eluted with a lin-
ear gradient of NaCl concentration (0 to 1 M) at a flow
rate of 30 mL/hr. The active fraction was collected and
concentrated, and then applied to a SuperQ-Toyopearl 650S
column (16 X650 mm, Tosoh Co.) equilibrated with dis-
tilled water and was eluted with a linear gradient of NaCl
concentration (0 to 1 M) at a flow rate of 30 mL/hr. The
active fraction was purified on a Lichrosphere RP-18 col-
umn (4.6 X250 mm, Hewlett Packard Co.), which was
eluted with a linear gradient of methanol (0 to 63%) at
a flow rate of 0.8 ml/min. The active peak from the Li-
chrosphere RP-18 column was further purified on a uBon-
dasphere Cig column (3.9 X 150 mm, Waters Co.), which
was eluted with a linear gradient of acetonitrile (0 to 63%)
in 0.1% TFA at a flow rate of 1.0 mL/min. Each chroma-
tography separation was monitored by the absorbance at
210 nm. The amino acid sequence of the purified peptide
was analyzed with a protein sequencer (Procise 491, Ap-
plied Biosystems, USA).

RESULTS AND DISCUSSION

Fig. 1 shows the elution profile of the Sephadex LH-20
chromatogram of the hydrolysate filtered with PM-10
membrane. The fraction of the most active peak (No. 41)
was collected and concentrated, and put on the SP-Toyo-
pear} 650S column (Fig. 2). The active fraction (No. 16)
was obtained at the void column. It was further frac-
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Fig. 1. A thermolysin hydrolysate of manila clam proteins fil-

tered with PM-10 membrane was chromatographed on a Sepha-

dex LH-20 column. The fraction marked with a horizontal line
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Fig. 2. The No. 41 fraction eluted from the Sephadex LH-20
column was chromatographed on a SP-Toyopearl 650S column.
The No. 16 fraction was collected.

tionated by SuperQ-Toyopearl 650S chromatography (Fig.
3). The fraction (No. 75) with HIV-1 protease inhibitory
activity was collected. Then it was further purified by
HPLC on a Lichrosphere RP-18 column (Fig. 4). Although
many peaks were observed by this chromatograph, only
one peak showed inhibitory activity. The peak was col-
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Fig. 3. The No. 16 fraction eluted from the SP-Toyopearl 6508
column was chromatographed on a SuperQ-Toyopearl 6508 col-
umn. The No. 75 fraction was collected.
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Fig. 4. Reverse-phase HPLC on a Lichrosphere RP-18 HPLC column of the active peak eluted the from the SuperQ-Toyopearl

650S column. The peak indicated with the arrow was collected.

lected, and purified finally by another HPLC on a 1 Bon-
dasphere C;s column (figure not shown). The inhibitory
activity of the purified sample showed 37% with 17.2 ptM
for the HIV-1 protease.

The purified sample was analyzed for amino acid se-
quence by automated Edman procedure. The peptide was
determined to be a tetrapeptide, Ile-Tyr-Glu-Gly. Ile-Tyr-
Glu-Gly, which corresponds to the amino acid sequence
165~168 of Physarum polycephalum actin (16), and the
amino acid sequence 25 ~28 of Mycobacterium smegmatis
ferredoxin (17). A peptide with an identical amino acid
sequence was synthesized and its HPL.C profile was
compared with that of purified one using a UBondasphere
Cig column. Its retention time was similar to that of pu-
rified sample (results not shown).

The ICso value of the synthetic lle-Tyr-Glu-Gly was 22.3
IM. This peptide was approximately 10-fold more potent
as a HIV-1 protease inhibitor than pepstatin A (ICsp = 250
pM) (7), a characteristic inhibitor of aspartic proteases.
Since this peptide was not hydrolyzed by HIV-1 protease,
we considered that the peptide is not substrate but an
inhibitor. The HIV-1 protease inhibitory activity of the ma-
nila clam-derived peptide was rather low, compared with
peptide-based synthetic inhibitors such as KNI-102 (I1Cso
=89 nM) (2), KNI-272 (ICso = 6.5 nM) (3), and saquinavir
(ICso = <0.4 nM) (4), but the peptide was more potent
than other natural products.

Thus, the peptide purified from thermolysin hydrolysate
of manila clam proteins was identified as a potent inhibitor
of HIV-1 protease. Although the origin of this peptide is
unclear, it is interesting that the sequence exists in some
microbial proteins.
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