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DESCRIPTION
NOVEL POLYPEPTIDE AND ANTI-HIV DRUG

PREPARED THEREFROM

TECHNICAL FIELD . |

This invention relates to a novel polypeptide
or a salt thereof. More detailedly, this invention
relates to a novel polypeptide exhibiting a strong affin-
ity to lipopolysaccharides, particularly endotoxins and
having an improved antibacterial activity and an improved
antiviral activity, a pharmaceutically acceptable salt
thereof, and an anti-HIV agent containing the same as an
effective ingredient.
BACKGROUND ART

Heretofore, as shown in the following litera-
tures, there have been reported by Nakamura, Iwanaga,
Niwa, et al. polypeptides (Tachyplesin and Polyphemusin)
exhibiting an affinity to endotoxins and being derived
from horseshoe crabs and their pharmacological pro-

perties. _ -
(i) J. Biol. Chem., 263, 16709 - 16713 (1988)

(ii) Published Searched Application 500194/1990
(iii) Chem. Pharm. Bull., 37, 2661 - 2664 (1989)
(iv) Japanese Laid-Open Patent Publication No.

53799/1990 .
(v) Japanese Laid-Open Patent Publication No.
152987/1990
(vi) Japanese Laid-Open Patent Publication No.
167230/1990 '

(vii) J. Biochem., 106, 663 - 668 (1989)
(viii) Taisha (Metabolism), 26, 301 - 311 (1989)
| as for polypeptides having an affinity to

endotoxins isolated from horseshoe crabs (the genus.

Tachypleus, the genus Lumulus and the genus
Carcinoscorpius), 5 structural analogs exist, to the best
of researcher's knowledge, and each of them 1is a polyé |
peptide having a cyciic structure comprising 17 or 18
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natural amino acids. Further, these polypeptides
mutually exhibit extremely analogous properties, and such
a polypeptide is very interesting as one of key sub-

stances whereby horseshoe crabs have been able to be

“adapted to changes of their external environment and

preseve their species from ancient times to the present

time as a living fossil.
On the other hand, with respect to maintenance

of the existence of human beings who have highly differen-
tiated, drugs are being desired which are expected to |
have a prophylactlc or therapeutic effect on an acquired
immune deficiency syndrome (AIDS) caused by infection

with a human lmmunodeflcledcy virus.

The present inventors paid their attention to
the above endotoxin-affinitive polypeptides conjectured
to have relation to the strong preservability of species
on horseshoe crabs, and made a study of a correlation
between structural changes on these substances and the
anti-human immunodeficiency virus (HIV) activity. As a
result, they found novel polypeptides basically different
from the common structure of the known endotoxin-
affinitive polypeptides of horseshoe crabs, and, to their
surprise, it was ascertained that these novel poly-
peptides have an excellent effect that their anti-HIV
activity values are 10 times or more as large as that of
a known endotoxin-affinitive polypéptide.

DISCLOSURE OF INVENTION
This invention was reached based on such a

finding and relates to a novel polypeptide represented by

the following formula (I)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Alerp-Cys—Az 3—Lys-A4-A2~A3“Gly~A4—A4-A2-A3~

15 16 17 18
A3~-Cys—Arg-A>5S cesesase (I)

[wherein
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Ay denotes a hydrogen atom or one or two amino

acid residues of amino acids selected from lysine and
arginine, | .

A, independently denotes a tyrosine, phenyl-
alanine or tryptophan residue,

A3 independently denotes an arginine OI ly81ne

residue,

A4 independently denotes an alanine, valine,

leucine, isoleucine, serine, cystelne or methionine

residue,

AS denots -OH (derived from the carboxyl group)

or -NH. (derived from the acid-amide group),

; Cys denotes a cysteine residue,

Gly denotes a glycine residue,

Lys denotes a lysine residue,

Arg denotes an arginine residue, and

Trp denotes a tryptophan residue; and the
cysteine residues at the 3- and l6~-positions may be
linked through a disulfide linkage (-S-S-), and when the
7- and 12~positions are both cysteine residues, these may

be linked through a disulfide linkage (-S-S-)1 or a salt

thereof. |
The novel polypeptide of the invention has a

basically important characteristic that although, in the
known polypeptides derived from the horseshoe crabs, the
amino acid residue at the 6-position is a valine (Val)
residue in common, its 6-position is a lysine (Lys)
residue, a basic amino acid residue having an utterly
different property from that of the valine residue.

The novel polypeptide or salt thereof of the
invention is described in more detail below.

The novel polypeptide of the invention can be
prepared by a method known per se, for example a solid
phase synthetic method. Namely, a straight-chain poly-
peptide of the invention having the above formula (I) can

be obtained by linking the carboxyl group of a
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N-protected arginine to an insoluble resin having amino
groups directly or in some case through a spacer having a
functional group capable of linking to a carboxyl group
and a carboxyl group, successively linking, according to
the solid phase synthetic method, the respective
protected amino acids of the l6-position to the l-
position of the amino acid sequence represented by the

following formula (I)

1 2 3 4 5 & 7 8 9 10 11 12 13 14

A ~Trp~Cys—A2-A3—Lys-A4—A2—A3—Gly~A4—A4—A2~A3~

1

15 16 17 18
A3-Cys-Arg-AS seesee .o (1)

10 [wherein Ay Ay A3, Ay Cys, Gly, Lys, Arg and Trp are
as defined in the above formula (I)], and then elimi-
nating (removing) the insoluble resin and the protecting
groups of the amino acids. In this instance, the
carboxyl terminus of the amino acid residue at the 17-

15 position can be either free (AS corresponds to -OH) or
converted to an acid amide (A5 corresponds to —NHz).
Further in the obtained polypeptide, the two cysteins at
the 3- and l6-positions can form a disulfide linkage
(-§-S-) through the mercapto groups.

20 Further, when the 7-position and l2-position
are both cysteine residues, these cysteines can form
likewise a disulfide linkage.

As for the formation of these disulfide
linkage, both two pairs of the cysteins groups can be

25 converted to a disulfide linkage, for example by air
oxidation, or either disulfide linkage can be formed
according to the method of Atherton, E., et al.; J. Chem.
Soc., Perkin Trans. 1, 1985, 2065, namely through steps
of previously selectively protecting the mercapto groups

30 of either pair of cysteins at the 3- and l6-positions and
the 7- and 12-positions with a protecting group, £-BuS
(t-butylthio) and the mercapto groups of the other pair of
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cysteins with a protecting group, Acm (acetamidomethyl);

deprotecting the t-BuS, partially oxidizing the mercapto
grouﬁs; and then deprotecting the Acm according to a

known method.
Respective amino acids to be used in the solid

phase synthetic method can be commonly L-forms or

commonly D~-forms.

As for the insoluble resins having amino group
to be used 1in syhthesizing the novel polypeptide of the
invention, any of such resins can be used so long as it
can link through'its‘amiho groups to the carboxYl group
of the N-protected arginine at the C-terminus or in some
case to the carboxyl group of the spacer linked thereto
and thereafter can be eliminated (removed).

Examples of such an insoluble resin are amino-
methyl resins (aminomethylated styrene-divinylbenzene
copolymers), benzhydrylamine resins, methylbenzhydryl-
amine resins and aminomethylphenoxymethyl resins and
their derivatives, etc. When a benzhydrylamine resin,
methylbenzhydrylamine.resin, dimethoxybenzhydrylamine
(DMBHA) resin or-aminomethylphenoxymethyl resin is used,
an amide is directly obtained by'cleavage, but an amino-
methyl resin is preferred in View of yieid.

As the spacer having a functional group capable
of linking to the carboxyl group and a carboxyl group,
there can, for example, be mentioned one capable of
converting the carboxyl group of arginine to a p-carboxy-
methylbenzyl ester, but there is no particular limitation
on the spacer. ,

The protected amino acid is an amino acid whose
functional groups are protected with protecting group by
known method, and various protected amino acids are sold
on the market. | |

In synthesizing the polypeptide of the inven-
tion, it is preferred to choose any one of the following

protecting groups. A protecting group for the a-amino
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group of an amino acid is Boc (t-butyloxycarbonyl) or
Fmoc (9-fluorenylmethyloxycarbonyl). A protecting group
for the guanidino group of arginine (Arg) is Tos (tosyl),
NO2 (nitro), Mtr (4-methoxy—2,3,6-trimethylbenzene—
sulfonyl) or Pmc (2,2,5,7,8-pentamethylchroman-6-
sulfohyl), | Aé a protecting group for the mercapto group
of cysteine (Cys) is mentioned Bzl (benzyl), MBzl (4-
methoxybenzyl), 4-MeBzl (4~methylbenzyl), Acm {(acetamido-
methyl), Trt (trityl), prs (3-nitro-2-pyridinesulfenyl),
t-Bu(t-butyl) or t-~BuS (t-butylthioc), and MBzl, 4-MeBz1,
Trt, Acm and Npys are preferred. A protecting group for
the hydroxyl group of tyrosine (Tyr) is Bzl, Clszl
(2,6~dichlorobenzyl) or t-Bu, but the group may be not
protécted. A protecting group for the £-amino group of
lysine (Lys) is Z (benzyloxycarbonyl), ClZz (2-chloro-
benzyloxycarbonyl), Boc or Npys. It is preferred to
select as each protecting group a proper one from ones
known per se in accordance with synthetic conditions for
the peptide.

The coupling of protected amiho acids can be
carried out according to a usual condensation method such
as, for example, a DCC (dicyclohexylcarbodiimide) method,
DIPCDI (diisopropylcarbodiimide) method [Tartar, A. et
al.; J. Org. Chem., 44 5000 (1979)], active ester method,
mixed or symmetrical acid anhydride method, carbonyldi-
imidazole method, DCC-HOBt (l-hydrdxybenzotriazole)
nethod [K&nig W. et al.; Chem. Ber., 103, 788, 2024, 2034,
(1970)] or diphenylphosphoryl azide method, but preferred
are the DCC method, DCC~HOBt method, DIPCDI-HOBt method
and symmetrical acid anhydride method. These condensa-
tion reaction is, usually, carried out in an organic
solvent such as dichloromethane or dimethylformamide or a
mixed solvent thereof. As a deblocking reagent for the
protecting group»for an &-amino group is used trifluoro-
acetic acid/dichloromethane, HCl/dioxane, piperidine/-

dimethylformamide or the like, and appropriate selection
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is made according to the kind of the protecting group.

Further, the degree of the progress of condensation
reaction in each step of synthesis is pursued by the
method of E. Kaiser et al. [Anal. Biochem., 34, 595
(1970) (the ninhydrin reaction method).

According to the foregoing ways, there can be
obtained a protected peptide resin having a desired amino
acid sequence.

When an aminomethyl resin derivative was used
as the insoluble resin, the resin can be removed, for
example, by treating the protected peptide resin with
ammonia in an appropriate solvent. The resulting pro-
tected peptide is then treated with hydrogen fluoride to

obtain a polypeptide amide represented by the above

formula and freed of all the protecting groups. When a
benzhydrylamine resin, methylbenzhydrylamine resin, '
aminomethylphenoxymethyl resin or DMBHA resin [ Funakoshi,
S. et al.; J. Chem. Soc., Chem, Commun., 1988, 382] was
used as the insoluble resin, the resin and the protecting
groups can simultaneously be removed by treating the
protected peptide resin with hydrogen fluoride, TFMSA
(trifluoromethanesulfonic acid) [published by Academic
Press, edited by E. Gross; Yajima, H. et al.; “"The
Peptides" vol. 5, page 65 (1983)], TMSOTE (trimethylsilyl
triflate) [Fujii, N. et al.; J. Chem. Soc., Chem.
Commun., 1987, 274] or TMSBr (trimethylsilyl bromide)
[Fujii, N. et al.; Chem. Pharm. Bull., 35, 3880 (1987)]
or the like.

Then, if desired, the resulting polypeptide is
reduced with 2-mercaptoethanol, DTT (dithiothreitol) or
the like to surely make the mercapto groups of‘the
cysteines reduced form, and then oxidized to obtain a
cyclic polypeptide belonging to the invention.

The oxidation treatment can be carried out by a
known method. Usually, such oxidizing agent as oxygen in

the air or a ferricyanate (e.g. potassium ferricyanide)

is used.
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The thus obtained polypeptide can be isolated

and purified by means known per se for polypeptides, for
example, extraction, recrystallization, various chromato-
graphies (gel filtration, ion exchange, partition,
adsorption, reverse-phase), electrophoresis, counter-
current distribution, etc., and reverse-phase high per-
formance liguid chromatography is the most effective.

As specific examples of polypeptides of the
invention represented by the formula (I), there can be
mentioned those of the following formulae (1) to (22).
In the following formulae (1) to (22), each symbol
denotes the corresponding amino acid residue by the
internationally admitted three-letter expression. Namely

each symbol denotes the residue of the following amino

acids.
Arg: Arginine Trp: Tryptophan'
Cys: Cysteilne Tyr: Tyrosine
Lys: Lysine . Gly: Glycine
Phe: Phenylalanine Ile: Isoleucine
Ser: Serine , Leu: Leucine
Met: Methionine o Val: Valine

Ala: ﬁlanine
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The polypeptides of the invention to be thus

obtained and represented by the formula (I) have,
likewise in the known polypeptides derived from horseshoe
crabs, an ability to bind to endotoxins, an antibacterial
activity, an activity to hemolyze endotoxin~sensitized
hemocytes and an antiviral activity, and particularly
have a good antiviral activity against human immuno-
deficiency viruses (HIV). Namely, these polypeptides
exhibit a ten times or more as high anti-HIV activity as
Tachyplesin I, a known polypeptide, exhibits, and some of
the polypeptides exhibit several thousand times the ‘
anti-HIV activity that Tachyplesin I exhibits.

In the known polypeptides derived from horse-
shoe crabs, it is revealed, as their structural
characteristics, that, due to the existence of 4 Cys
residues at the 3-, 7-, 12- and lé6-positions, they take a
B-sheet structure such that the part at 9- and l0-
positions is a turning portion by R-turn and the peptide
part of the 3-position to 8-position and the peptide part
of the ll-position to l6-position face each other, and 4
Cys residues at the 3—and l6-positions and at the 7- and
12-positions link through the respective two disulfide
linkages (-S-S-). As structural characteriétics for the
manifestation of an antiviral activity of the poly-
peptides whose 6-position is converted to Lys, compounds
of the invention, the existence of structural parts whose
constitutive amino acid sequences are extremely alike
with each other, as is seen in 3Cys 4A2 5A3 6Lys, facing
13A2 14A3 15A3 lGCys is basically necessary, and 2'I‘rp and
l7Arg are indispensable. It is characterized that
further by linking a basic amino acid prescribed in A, to
these structural parts at the l-position, a structure
such that an anti-HIV activity is extremely highly mani-
fested is brought about. |

The polypeptide of the invention represented by

the formula (I) exhibits a basic property due to the
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characteristic of the constitutive amino acids, and thus

forms a salt by acid addition. For example, the poly-
peptide forms a salt with an inorganic acid (hydrochloric
acid, hydrobromic acid, phosphoric acid, nitric acid,
sulfuric acid or the like) or an organic carboxylic acid

(acetic acid, propionic acid, maleic acid, succinic acid,

malic acid, citric acid, tartaric acid, salicylic acid or

the like) or an organic sulfonic acid (méthanesulfOnic
acid, p-toluenesulfonic acid or the like). The poly-

peptide of the invention represented by the formula (I)
can be used as such a pharmaceutically acceptable salt.

The drug of the invention is prepared as a
pharmaceutical compoéition comprising a polypeptide
represented by the formula (I) or salt thereof as an
effective ingredient, and a pharmacologically acceptable
carrier selected in accordance with the administration
method and administration form of the drug. Namely, the
drug of the invention is orally or parenterally
administered in accordance with the object of treatment
or disinfect of an in vivo viral disease or the in vitro
viral infection part, and can be prepared as a prepara-
tion such as powder, granules, a solution for injection
or oral aministration, téblets, suppositories, pessaries,
ointment, cream or aerosol, using appropriate pharma-
ceutical carriers in accordance with the administration
method.

When the drug of the invention is directly
administered as an injection to a living body, the poly-
peptide or its salt of the invention can continuously‘or
intermittently administered in an amount of 10 to 5,000
mg per kg of human body weight and per one day and by
intravenous drip as a solution in physiological saline.
Brief Description of the Drawing

The drawing shows an exemplifed schematic
drawing of steps for synthesizing the novel polypeptide

of the invention.
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Best Mode of Carrying Out the Invention

This i1nvention is further specifically
described below according to examples, but not limited at
all thereby.

5 -~ Apparatuses and reagents used in the following
examples are as follows.

HPLC apparatus: Waters Co. (USA) Model 600
Column of the apparatus:

Asahipak*ODP—90
10 (Asahi Chemical Industry Co., Ltd.)

Fmoc amino acid: produced by Kokusan Kagaku Co., Ltd.

Amino resin and condensing agent: produced by

Peptide Kenkyusho Co., Ltd.
FAB-MS (FAB-mass spectrograph):

15 VG Co. (USA), Model ZAB-SE
Example 1

Synthesis of the polypeptide (A) of the following formula

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Arg~Trp—Cys—Tyr—Arg-Lys—Cys-Tyr—Arg~Gly;Ile~Cys—Tyr-Arg~
15 16 17 18

Lys-—Cys--Arg-—NH2 e e e ae e (A)

In the above formula (aA), Arg, Trp, Cys, Tyr,
20 Lys, Gly and Ile denote the aforementioned amino aéid
residues, and the Cys residues at the 3- and 16-posi-
tions and at the 7- and l2-positions are linked respec-

tively through disulfide linkage.

(1) Introduction into an aminomethyl resin of

25 Fmoc-DMBHA-CHZCHZCOOH [ (3~ (X-Fmoc-

amino-4-methoxybenzyl)-4-methoxyphenyl)
propionic acid]
270 mg (0.2 mmole) of an aminomethyl resin (0.74
meq/g) and 268.5 mg (0.5 mmole, 2.5 eq) of Fmoc-DMBHA-
30 CHZCH2COOH (MW 537) were placed in a so0lid phase-

synthesizing column, and condensation reaction was
* Trade-mark
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carried out for 2 hours by the method of DIPCDI-HOBt 1in

DMF according to the method of Guo, L. et al. [Chem.
Pharm. Bull., 36, 4989 (1988)]. |
After the completion of the condensation

reaction, coupling was carried out for the protection of

the free amino groups using acetic anhydride (DMBHA

resin). '

. (2) Introduction of arginine of the 17-
position into the DMBHA resin

After removing the Fmoc groups of the DMBHA

resin prepared 1n (1) with 20% piperidine / DMF, 2.5 eqg

of'Fmoc-Arg(Mtr)-OH baSed on the DMBHA resin was added,
and condensation reaction was carried out in DMF
according to the DIPCDI-HOBt method.

The degree of porgress of the condensation
reaction was pursued by measurement according to the
ninhydrin test of Kaiser, E. et al. [And. Biochem., 34,
595 (19703 1. |

(3) Introduction of cysteine of the l6-~position
| After the removal of the Fmoc groups of the
DMBHA resin, prepared in (2), into which arginine was
introduced, with 20% piperidine / DMF, 2.5 eq of Fmoc-Cys
(MBzl)-OH based on the DMBHA resin was added, and conden-
sation reaction was carried out in DMF by the method of
DIPCDI-HOBt. The degree of progress of the condensation
reaction was pursued similarly to (2) by measurement
according to the ninhydrin test.

(4) Introduction of amino acids of the 15~ to

- l-positions

Likewise as above, Lys(Boc), Arg(Mtr), Tyr-
(t-Bu), Cys(MBzl), Ile, Gly, Arg(Mtr), Tyr(t—-Bu), Cys-
(MBzl), Lys(Boc), Arg(Mtr), Tyr(t-Bu), Cys(MBzl), Trp and
Arg(Mtr) residues'according to as the sequence from the
C-terminal amino acid were successively introduced into
the DMBHA fesin to obtain a protecting group-protected

peptide (A) resin.
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Fach amino acid condensation reaction in the

solid phase synthesis was carried out according to the

operation conditions of the following table.
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(5) Preparation of the peptide (A) by the

removal of the protecting groups and
operation for the removal of the resin and
partial purification

The protecting group-protected peptide (A)
resin prepared by the operations (1) to (4) was subjected
to 20% piperidine / DMF treatment to remove the Fmoc
group, and then subjected to reaction at 25°C for 2 hours
in a 1 M TMSOTf-thiocanisole / TFA system (10 ml of
trifluoroacetic acid in the presence of m-cresol (100 eq)
and ethanedthiol (300 eq)) per 100 mg of the resin. The
resin was filtered off from the reaction mixture and
washed twice with 1 ml of trifluoroacetic acid, 100 ml of
ice-cooled dry ether was added to the mixture of the
filtrate and the washing, the formed precipitate was
centrifuged, and the residue was séparated from the
supernatant by decantation. The resulting residue was
washed with cold ether, dissolved in 10 ml of 4N AcOH,
830 mg, 80 eq of dithiothreitol was added and the mixture
was stirred at room temperature overnight.

The reaction solution was centrifuged, the
supernatant was treated with SephadeiPG—lO (3.7 x 50 cm),
gel filtered with 4N AcOH, and the fraction which passed
through the Sephadex without stopping was collected as th.
main eluate part and lyophilized to obtain as powder a
partially purified non-cyclized polypeptide (A).

(6) Pféparation of the polypeptide (A) by air

oxidation

On the other hand, a half amount of the
fraction which passed through the Sephadex without
stopping in the gel filtration was adjusted to pH 7.5
with concentrated agueous ammonia, and subjected to air
oxidation by aeration to carry out cyclization reaction.
After the completion of air oxidation, the cyclized
peptide (A) was adsorped on 10 g of Diaion HP-20 resin,

and desorped and eluted with 60% CH3CN (in 1 N AcOH), and

* Trade-mark
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the eluate was concentrated at room temperature under

reduced pressure to remove CH3CN and then lyophilized to
give powder. The powder was dissolved in a small amount
of water, and the solution was poured on an Asahipak®

5 and purified by high performance liquid chromatography
(HPLC-Model 600 produced by Waters Co.) using gradient
elution with CH3CN to obtain the peptide (A) of a single
peak 1n a yield of 27% (a value calculated based on the
protecting group-protected peptide (A) resin).

10 (7) Analysis of the polypeptide
The amino acid composition value with leucine

aminopeptidase digestion of the polypeptide purified in
the above (6) accorded well with the calculated value of

the composition based on the amino acid sequence of the
15 formula (A).

Further, 1in the molecular weight value by
FAB-MS, the calcluated value of (M+H+) was 2309.786 and

on the other hand the found value was 2310.048.

The specific rotation UX]SO of the obtained

20 polypptide was +14.2° (C = 0.3, 1 N acetic acid).
-“Example 2 and comparative examples 1 and 2

Antiviral activit aoainst_human immunodeficienc
(HIV)

virus

The antiviral activity against HIV of the

25 polypeptide (A) synthesized in Examplé l was tested and

evaluated according to the following method.
HIV-infected MT-4 cells (2.5 x 10% cells/well,

multiplicity of infection (MOI) : 0.001) immediately
after the infection are added together with a test |

30 substance with various changes of the concentration to a
96-well microtiter plate. After incubation at 7°C for 5
days in a CO2 incubator, the number of survivor cells is
measured by the MTT method [Pauwels et al.; J. Virol.
Methods, 20, 309-321 (1988)]. The antiviral activity is

35

expressed as a concentration at which cellular affection

* Trade-mark
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due to HIV infection is 50% inhibited (EC 50 : 50%

effective concentration). On the other hand, 1n order to

know the cvtotoxicity of the test substance on the MT-4
cells, virus~non—infeéted cells are.inCubated, likewise
as above, together with the test compound with various
changes of the concentration. The cytotoxicity is
expressed as 50% cytotoxic concentration (CC 50) due to
the test substance. Further, the rough ratio of CC 50 to
EC 50 (CC 50 / EC 50) is expressed as an effective ratio
(SI).

Table 2 shows the EC 50, CC 50 and SI values of
the polypeptide (A) and, takiplesine I, a known poly-
peptide having an affinity to endotoxins, and azidothymi-

dine, an anti-HIV agent, both used for comparison.

Table.z

Comparative | Azidothymidine
exaple 2 (AZT)

Comparative | Tachyplesin I
example 1 | -
- 0.00048 |{ 1700

As apparent from the above table, the poly-
peptide (A) of the invention has a somewhat stronger
cytotoxicity than that of Tachyplesin I whose anti-HIV

activity was previously revealed, but exhibited an
antiviral activity at a concentration of 1/50. In
comparison with azidothymidine, the polypeptide (A) has
an EC 50 value of higher concentration, but has a 60
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times higher CC 50, indicating low cytotoxicity.

Example 3
Table 3 shows the structural formulae and

physical properties of various polypeptides of the

invention prepared in the same manner as in Example 1 and

their antiviral activities against HIV tested and
evaluated likewise in Example 2.

In thé compounds of the present example in the
above table, the Cys résidues at the 3-, 7-, 12- and
l6-positions are linked through disulfide linkage between

the 3- and l6-positions and between the 7- and l2-posi-

tions, unless otherwise noted.

Further, in the above table, "AZT" denotes
azidothymidine (common name: zidovudine).

Industrial Applicability
According to this invention, there can be

provided a novel polypetide or salt thereof having an

~antiviral activity against human immunodeficiency virus

(HIV), and an anti-HIV agent containing the same as an

effective ingredient.
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1. A polypeptide represented by the following formula

1 2 3 4 5 6 7 8 9 10 11 12 13 14

A1~Trp~0ys~A2~A3-Lys—A4~A2—A3~Gly~A4-A4—A2~A3~
5
15 16 17 18
A3-Cys-Arg-—AS ¢ s 5250 (I)
wherein:
A; denotes a hydrogen atom or one or two amino acid
residues of amino acids selected from lysine and arginine;
10 A; independently denotes a tyrosine, phenyl-alanine or

tryptophan residue;

A3 independently denotes an arginine or lysine

residue;

A4 independently denotes an alanine, valine, leucine,

15 1soleucine, serine, cysteine or methionine residue;
As denotes -OH or -NH,:
Cys denotes a cysteine residue;
Gly den?tes a glyéine residue;
Lys denotes a lysine residue;
20 Arg denotes an arginine residue, and
Trp denotes a tryptophan residue; and

the cysteine residues at the 3- and 16-positions may
pe linked through a disulfide linkage (-S-S-), and when the 7-

and 12-positions are both cysteine residues, these may be

25 linked through a disulfide linkage (-S-S-),
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or a salt thereof.
2. The polypeptide or salt according to claim 1, wherein
A; denotes a hydrogen atom.
3. The polypeptide or salt according to claim 1, wherein
5 A; denotes Arg.
4, The polypeptide or salt according to claim 1, wherein
A, denotes Arg-Arg.
5. The polypeptide or salt according to any one of

claims 1 to 4, wherein A, in the 4 -position is Tyr.

10 6. The polypeptide or salt according to any one of

claims 1 to 4, wherein A, in the 4-position is Trp.

7. The polypeptide or salt according to any one of

claims 1 to 4, wherein A; in the 4-position ig Phe.

8 . The polypeptide or salt according to any one of

15 claims 1 to 7, wherein A; in the 8-position is Tyr.

9. The polypeptide or salt according to any one of

claims 1 to 7, wherein A, in the 8-position 1s Phe.

10. The polypeptide or salt according to any one of

claims 1 to 9, wherein A, in the 13-position is Tyr.

20 11. The polypeptide or salt according to any one of

claims 1 to 9, wherein A; in the 13-position is Phe.

I 1)

12 . The polypeptide or salt according to any one o:

claims 1 to 11, wherein A; in the 5-position is Arg.

13. The polypeptide or salt according to any one of

25 claims 1 to 11, wherein A; in the 5-position is Lys.

14 . The polypeptide or salt according to any one of

claims 1 to 13, wherein A; in the 9-position is Arqg.
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salt according to any one

the 9-position is Lys.

salt according to any one

the 7-position is Cys.

salt according to any one

the 7-position is Ala.

salt according to any one

the 1l-position is Ile.

salt according to any one

the 1l-position is Met.

salt according to any one

the 1ll-position is Leu.

salt according to any one

the 1ll-position is Val.

salt according to any one

the ll-position is Ser.

salt according to any one

the 11l-position is Ala.

salt according to any one

the 12-position is Cys.

salt according to any one

the 12-position is Ala.

salt according to any one

the 12-position is Ser.

salt according to any one

67566-1274

15. The polypeptide or
claims to 13, wherein A; in
16. The polypeptide or
claims to 15, wherein A, in
17. The polypeptide or
claims to 15, wherein A, in
18. The polypeptide or
claims to 17, wherein A, in
19. The polypeptide or
claims to 17, wherein A, 1n
20 . The polypeptide or
claims to 17, wherein A, in
21. The polypeptide or
claims to 17, wherein A, in
22. The polypeptide or
claims to 17, whereiln A, in
23. The polypeptide or
claims to 17, wherein A, in
24 . The polypeptide or
claims to 23, wherein A, in
25. The polypeptide or
claims to 23, wherein A, in
26 . The polypeptide or
claims to 23, wherein A, in
27 . The polypeptide or
claims Lo 26, wherein As; is -NH,

of

of

of

of

of

of

of

of

of

of

of

of

of
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The polypeptide or salt according to claim 1, wherein

28.

the polypeptide is represented by one of the following amino

d sequences

acCl

*HN-81Y-SA)-SA7-B81y-14]-105-01]-AT1D-SAT-1h)-54)-547-8ay-aK)-5SK)-da]-Bay-Bay
‘HN-83y-84)-5A7-8ay-d4]- SA)-18A-A1D-SAT-IK]-81y-SAT-Bay-Jh]~SAD-dI]-Bay-BIY
PUN-81Y-SA)-547-8ay-IA]-BTY-NOT-ATD-5A-dh]-C1y-SAT-Ba1y-dh]~-SA)-da]-Bay
“HN-B1Y-SA)-Sh7-SAT-1h]-5SL)-195-A1D-54T-3Yd-Sh)-SAT-SAT-aYyd-54AD-da]-Bay-3ay
PUN-8aY-54)-SA]-SAT-9Yq-SA)-198-KA1D-SAT-9Yq-SA)-SAT-SAT-0Yyd-5A)-da]-BIy
PHN-81Y-54)-SA7-81y-1£]-SL)-naT-A1n-SAT-d11-SA)-5hT-Bay-da]-SA)-da]-Bay-3IY
«=z-m.~<-m>o..m3..m.~<..§,_\mS..:mj..>8..?3 ~d11-SA)-547-81y-da]~SA)-da]-3Y
CHN-8ay-SA)-Bay-8ay-ah]-SA)-BV-ATD-Bay-14]-SA)-547-81y-2A]-SA)-da]-Bay-31y
'HN-8aY-SA)-Bay-8ay-JA]-SAD-19G-A1D-8ay-14]-SA)-SAT-8ay-IA]-SA)~-dI]-BY
PHN-8ay-SA)-BIy-Bay-IA]-S4)-91]~-A1D-81y-14]-5SA)-547-31y~dL]-SAQ-d1] -3y~ g1y
'HN-8ay-S49)-81y-81y-JK]-SAD-9T]-A1D-BIy-14]-SA)-SA]-Bay-I1h]-sA)-da]-31Y
PN-81y-54)-81y-81y-1A]-SA)-911-A1D-Bay-14]-5S4)-S4]-81y-1£]-SA)-dI]
«.=z...m.:T20..2,_.&:..;,._‘..?8..ﬁSL8..mSLS..ﬁo..ms..m:..,.;._...mS-a.&um::m.ﬂ
u=z..m.2..m>o...m>\_..m.2..§e..m3..:3;S..ms..;._,..ﬁo..ms..mu<u§,_...m>o..au,_...mh<

CHN-8aY-SA)-847-3ay-1L]-S4)-21]-ATD-S

A7-1K1-5h)-5K7-8ay-14]-SA)-da]-Bay-3aY

«=z..m.:..2o-2,_..m:..§,_wﬁo..oHH..>S..m3...;._,..io..ﬂs..m.ﬂ<...;._...m>o..a.:,..m.2
ﬂ=z..m.2..m$..m3-m.~<L:-m>oumHH..>ao..mS...;a..go..mSum.z..;p..go..a:

..=z..m.:..go..ﬁ,_..mh<...;._,..m>o..=o,_..>S..m.a<...::n.98..”>._..m.£...;._‘..m>o..&,_\mp<...m.u<

PHN-81y-54)-5k7-81y-14]-SA)-30K-A1D-Bay-14]-SA)-5A7-Bay-2A]-SA)-dI1]-B1Y

.=z..m.2..2.o..2,_..m.£..;._...28..3H;S..mu<...::nm3.&3-3?&5.&>ouaua-mu<..m:.
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29. An anti-HIV agent which is a pharmaceutical

composition comprising:

(a) an anti-HIV effective amount of the polypeptide

according to any one of claims 1 to 28 or a pharmaceutically

acceptable salt thereof, and

(b) a pharmacologically acceptable carrier.

30. The anti-HIV agent according to claim 29, which is 1in
a rorm so adapted that 10 to 5000 mg of the ingredient (a) 1is
taken by an injection per kg of human body weilight per day.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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1/1
'{ Aminomethyl resin
(1) Fmoc-DMBHA - Propionic acid

DMBHA resin

Condensation of protected amino acids in the order
of the peptide requence

(2) Fmoc-'7Arg(Mtr)-DMBHA resin

l (3) Fmoc-lBCys(Mle)-"Arg(Mtr)DMBHA resin

l (4) Resin wherein the protected amino acids at
the 15- to l1-positions are condensed

Y
Protecting group-protected

polypeptide (I) -DMBHA resin

|
I

! (5) Removal of the protecting Jgroups and resin,
and reduction

Reduced form polypeptide (A)

SH SH SH SH

Arg-Trp-Cys—Tyr-Arg—Lys-Cys-Tyr-Arg-Gly-Ile-Cys-Tyr-Arg—Lys—Cys—Arg—NH2

(6) Oxidative cyclization, purification
| (HP resin adsorption, desorption, HPLC
l chromatography)

Polypeptide (A)




l {1) Fmac~DMBHA~propionic acid

T 3/ A F A DMBHA rasin

’ . protected amino &cid condensation in
(1) ' Froc-DNBHA- 7 O E 4 - §% |
i the order of peptide saguence

DNBHAHE NG ~ (2) Fmoc-t7Arg(Mtr)-DMBHA resin
T F KRSHEDSRET : /RS c Fmoe~28cyg (MB22) <2 TArg (Mtr) ~DMBHA resin
i . (4) 15~ to l~pzrotected amino acid condensate
I {2) Faoc~'TArg(dtr)-DUBIIAKIRE j rasin
\i/ (3) Faoc-'°C-ys(lile)-‘TArg(Htr)-DlBllMﬂﬂE protectad polypeptide (I)~DMBHA resin

(5) protective greoup removal, rasin

11: (4) ISHI~ITDRET I / MEBSHE
Eﬂ&z%ﬁ:ﬂ 1) A F KDD-DEBHAS

i remcval, reduction

reduced polypeptide ([A)

] (5) RRMWEFRtHlE R IT SH ?H ?H ?H
v |
BB AN AT F BN Arg-Trp-Cys-Tyr-Arg-Lys-Cys-Tyr-Arg-Gly-1le-Cys-Tyr-Arg-Lys-Cys-Arg-HH,
?H ?H ?“ ?ﬂ (6) oxidative cyclization, purification
Ar 8“'Tm'CYS“TYI"‘M'R‘LYS’CYS'TYr-Arg'GlY"Ile*CYS'TY!"AI'B"LYS‘C)'S“M'E"HH2 (P resin adsorption, deasorption,
BPLL)
(6) BLFIR. A(IPEIIERZE. RE

lpolypeptide (A)!
J HPLC 2=t 0374 —)

lrﬁ'}'{?'?‘i*'(.&) 1 2 3 45 6 7T 8 5 10 11 1213 14 15 16 17 18
Ai~Tro=Cy3=As=As=Ly3=A q=Ag=Ag=lly=A =A¢~AaRa=As=Cys=ATE=As
(1)
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