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We found that PSK has an antiviral effect on human immunode-
ficiency virus (HIV) in vitro. One of the mechanisms of this
effect is attributable to the inhibition of binding of HIV with
lymphocytes. Here, we found that PSK inhibits reverse tran-
scriptase in a non-competitive way in vitro, Such inhibition
may be important in its anti-HIV effect as well as its inhibitory
effect on the binding of HIV with lymphocytes. o 1987 Academic Press, Inc.

The polysaccharide preparation termed PSK is isolated from

Corioulus versicolor by hot water extraction of mycelia,

followed by saturated ammonium sulfate precipitation, and de-
salting by dialysis against water (1).

Many reports describe the antitumor effect of PSK, which is now
available for clinical use in Japan (2).

This antitumor effect of PSK is generally thought to be medi-
ated through the host immune system as a blologlcal response

modifier (BRM). PSK also inhibits the growth of HIV in vitro (3).

Abbreviations: PSK, Protein-bound polysaccharide Kureha;
ddcTp, 2',3'-dideoxycytidine 5'-triphosphate; ddNTP, 2',3'-
dideoxynucleoside 5'-triphosphate; [10%A)n]*® , poly(2-
iodoadenylic acid); AIDS, Acquired immune deficiency syndrome.
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One of the mechanisms of this effect 1s the inhibition of HIV
from binding with lymphocytes (3).

We found that PSK also inhibits reverse transcriptase in vitro.
Here we describe the inhibition by PSK of reverse transcriptase

from the enzymological viewpoints.

MATERIALS AND METHODS

Enzyme Purified reverse transcriptase (RT) of avian myelo-
blastosis virus (AMV) was purchased from Boehringer Mannheim
Yamanouchi Co., Ltd., Tokyo, Japan.

Template/Primer Total mRNA was isclated from the livers of
female Wistar rats according to the method described by Maniatis
(4). It was mixed with oligo(dT)12_18 (P.L. Biochemicals, Inc.)
to give a stock solution containing lmg/ml of mRNA and 0.2mg/ml
of oligo(dT)ypo_18.

Drug PSK (Kureha Chemical Ind. Co., Ltd.) was dissolved in
sterile distilled water and stored at -20°C until use.

4ANTP d4ATP, dGTP, ACTP and dTTP were purchased from P.L.
Biochemicals, Inc., and [g-*? ]dCTP(800Ci/mmol) was purchased from
Amersham~Japan, Inc..

Standard assay procedure The standard assay contained 50 mM
Tris-HC1 (pH 8.3), 50 mM KC1, 8 mM MgCl,, 8mM DTT, 40 pg/ml mRNA,
8 ng/ml oligo(dT)12-18, 40 uM 4ANTP containing 5 uCi of [a3?p]
dCTP and 40 units/ml RT in a volume of 25 yl. Incubation was
carried out at 37°C for 1.0 hr. The incorporation of [o-3?pldCTP
was measured by a method described previously (5).

RESULTS

First, 25-200 pg/ml of PSK was added to the standard assay
solution to examine the inhibition of RT activity at different
concentration of PSK. PSK inhibited RT in a dose-dependent way,
and caused 50% inhibition (ICs,) at the concentration of about
30 ug/ml (Fig. 1). Under this reaction condition, the IC;, of
ddCTP(6), which is known to have RT inhibitory activity as a
substrate analogue was 0.2 ug/ml (data not shown).

We also studied whether the inhibition by PSK was changed by
varying the concentrations of RT, U4ANTP and template/primer in
the standard assay solution. The results summarized in Table 1
demonstrated that the inhibitory activity of PSK reduced with an
inverse relationship with increasing the concentration of RT.

However, no effect was observed by varying the concentration of
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Figure 1, Inhibitory effect of PSK on the RT activity of AMV.
Varied concentrations of PSK was mixed with standard RT assay
solution. The standard assay procedure is described in MATERI~

ALS AND METHODS. The dashed line represents the concentration
of PSK that inhibits 50% of RT activity (ICs,).

UGNTP and template/primer. These results motivated us to conduct
a detailed kinetic analysis. The Lineweaver-Burk plots showed

the effect of varying the concentrations of 4dNTP(Fig. 2A4) and

Table 1. Effect of PSK on AMV RT activity at various
concentrations of template/primer, subsrate and enzyme

a) Effect of the concentration of RT

RT(Units/m%) % Inhibition
800 20
280 25
160 64
4o 80
20 89

b) Effect of the concentration of substrate

LANTP (uM) % Inhibition
80 85
40 78
20 80
4 82
2 78

¢) Effect of the concentration of template/primer

mRNA(ug/m2) 0ligo(dT)yp-18(ug/mL) % Inhibition

40 8 87
10 2 82
4 0.8 85
PSK was used at a concentration of 50ug/mQ. The
standard assay procedure 1s described in MATERIALS AND

METHODS.
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Figure 2. Lineweaver-Burk plots of AMV RT activity inhibited by
PSK as a function of substrate and template/primer concen-
rations, The panels correspond to experiments in which the con-
centrations of 4dNTP(A) and mRNA—oligo(dT)lg_lg(B) were varied.
The standard assay procedure is described in MATERIALS AND
METHODS. Values of V correspond to pmol of dCMP incorporated
per 10 min. assay.

o: no inhibitor, e: PSK 20pug/mf%, a: PSK 50ug/mi

template/primer(Fig. 2B) on RT activity in the presence of 20 or
50 ug/ml of PSK. The Vmax decreased in the presence of PSK, but
the Km for H4ANTP or template/primer was unchanged. These
results indicate that PSK inhibited RT activity in a non-

competitive way.

DISCUSSION

PSK was found to be a powerful inhibitor of AMV reverse tran-~
scriptase, The inhibition by PSK was not affected by varying
concentrations of the substrate and template/primer, but sig-
nificantly reduced when the concentration of the enzyme in-
creased. Lineweaver-Burk plots showed that the ilnhibition of RT
activity by PSK was non-competitive with substrate and template/
primer. These results suggest that PSK acts directly on the RT
molecule, Thus, PSK seems to be a specific enzyme Inhibitor of
RT. RT of retroviruses plays a critical role in the Integration
of the viral RNA genome into host cell DNA (7). A specific in-

hibitor of the enzyme might be useful as an agent agailnst

infection by HIV, the causative virus of AIDS.
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Many RT inhibitors have therefore been developed. In terms of
their mode of action, they were divided into the following
classes: (1) enzyme~binding compounds such as suramin (8), (ii)
substrate analogues such as ddNTP (6), (iii) template/primer-
binding compounds such as actinomycin D and daunomycin, and (iv)
template analogues such as [(102A)nT*°(9).

This study suggests that PSK is an inhibitor belonging to the
enzyme-binding class of compounds. PSK has been shown to exert
a beneficial therapeutlic effect against various tumor both as a
single agent (10) and in combination with other therapies (11,
12) in the clinical field. Though the antitumor mechanism of
PSK 1s not fully understood, host-mediated activity has been
claimed to play a significant role. In fact, abundant evidence
has been presented that the administration of PSK to tumor-
bearing rodents inhibited tumor growth and also modulated im-
muncresponses such as the induction of killer T cells (13, 14),
activation of macrophages (14, 15) and natural killer cells (16),
and enhancement of capacity to produce antibody (14, 17). The
administration of P3K, which activates the immune system, might
improve the immune condition of AIDS patients and help prevent
the risk of opportunistic infections and kaposi's sarcoma.

PSK can inhibit both the binding of HIV with lymphocytes (3)
and RT actilvity as well as possibly activating host immune
function, so it may be useful for the prevention of the risk of

HIV infection and treatment of AIDS.

REFERENCES

1. Tsukagoshl, S. and Ohashi, F. (1974) Gann, 65: 557-588

2. Tsukagoshi, S., Hashimoto, Y., Fujii, G., Kobayashi, H.,
Nomoto, K. and Orita, K. (1984) Cancer Treat. Rev., 11:
131-155

3. Tochikura, S.T., Nakashima, H., Hirose, K. and Yamamoto, N.
(1987) Bilochem. Biophys. Res. Comm., in press

4. Maniatis, T., Fritsh, E,F. and Sambrook, J., (1982)
A Laboratory Manual "Molecular Cloning" 329-334

566



Vol. 149, No. 2, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

-~ (@) Ul
. . .

11.

1e2.

13.

14,
15.

17.

Goswami, B.B., Borek, E.,, Sharma, O,K., Fujitaki, J. and
Smith, R.A. (1979) Biochem. Biophys. Res. Comm., 89: 830-836
Smoler, D.,, Molineux, I. and Baltimore, D. (1971) J. Biol.
Chem., 246: 7697-7705

Temin, H.M. (1972) Proc. Natl. Acad. Sci. U.S.A., 69:
1016-1020

De Clercq, E. (1979) Cancer Letters, 8: 9-22

Fukui, T. and De Clercq, E. (1982) Biochem., J., 203: 755-802
Tsuru, S. and Nomoto, K. (1983) J. Clin. Lab. Immunol.,

; 215-219

Fujiwara, H. and Torisu, M. (1980) Clinical Cancer Immuno-
therapy, Tokyo, Life Science, pp. 73-77

Kasamatsu, T. (1982) Immunomodulation by Microbial Products
and Related Synthetic Compounds. Amsterdam, Oxford,
Princeton: Excepta Medica.

Tsuru, S., Oguchi, M., Mashiko, M,, Aiso, S,, Zinnaka, Y.

and Nomoto, K. (1982) Jpn. J. Cancer Chemother, 9: 1634-1639
Nomoto, K. (1981) Jpn. J. Clin. Med., 39: 1868-1873
Takeichi, N. (1982) Oncologia, 1: 54-68

Ebina, T. (1981) Tanpakushitsu Kakusan Koso (Suppl); 81-96
Nomoto, K., Yoshikumi, C., Matsunaga, XK., Fujii, T. and
Takeya, K. (1975) CGann, 66: 365-374

567



