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(57) Abrége/Abstract:

The present invention Is directed to peptide derivatives represented by the formula (l): (see formula |) which can specifically bind
to modified LDL in competition with scavenger receptors on macrophages and are useful in dilagnosing, preventing and treating
circulatory diseases caused by accumulation of modified LDL in macrophages.
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Abstract

The present invention 1is directed to peptide derivatives

represented by the formula (I):

NH,

| _
RI—COCH—'Cst—CHzco—(bAla)n

NH, . '
| | |
RI-COCH-CH,S—CH,CO—~-(Ala)n—Lys—Lys—R—R’

NH, l
| .
R'—-COCH—-CH,S—CH,CO—(bAla)n

(1)

which can specifically bind to modified LDL in competition
with scavenger receptors on macrophages and are useful in
diagnosing, preventing and treating circulatory diseases

caused by accumulation of modified LDL 1in macrophages.
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Peptide Derivatives having Binding Activity to
Modified Low Density Lipoprotein

The present invention relates to novel peptide
derlvatives which can specifically bind to an
acetylated low density Lipoprotein (hereinafter
referred to as "LDL").

Since the cholesterol level in blood has a
positive correlation with circulatory diseases (e.q.
arterial sclerosis, etc.), drugs to decrease the
cholesterol level have intensively been developed.
Typical examples.thereof include drugs for inhibiting
in vivo synthesis of cholesterols (e.g. Compactin,
Mevalotin, etc.) and drugs for inhibiting the
absorption of cholesterol through enteric canal (e.g.
Colestyramine, Cholestipol, etc.). Additionally,
drugs (e.g. Probucol, etc.) which do not decrease LDL
level 1n blood but depreés the oxidation of.LDL
thereby‘preventing arterial sclerosis have already
been put into practical use.

On the other hand, a foamy macrophage is known
to appear following the uptake of modified LDL
such as oxidized or acetylated low density lipo-
protein (AcLDL) and the like, which results in
cholesterol deposition, in the initial lesions

of arterial sclexosis. On the basis of the
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observation, the development of drugs capable of preventing
cholesterols from accumulating in macrophages has been
attempted. Although an inhibitor of acyl-CoA cholesterol
acyltransferases has been suggested to be useful [Brown, M.

S., Ann. Rev. Biochem., 52, 223-261, 1983] for such a

purpose, no drugs capable of depressing/inhibiting the
incorporation of modified LDL into macrophages have been
provided so far.

The incorporation of modified LDL into
macrophages is effected through the binding of modified LDL
to scavenger receptors oﬁ the cell surface of macrophages,
which is followed by the incorporation of modified LDL into
cells by endocytosis. Accordingly, a compound which has an
affinity for the modified LDL and can bind to the same in
competition with its natural receptors can inhibit the
binding between modified LDL and receptors on macrophages
thereby depressing and/or delaying.the onset of diseases
associated with modified LDL in blood, particularly
circulatory diseases (e.g. arterial sclerosils, cardiac
infarction, angina pectoris, cerebral hemorrhage, etc.) ahd
relieving patients’ symptoms. Such a compound, when
immobilized on a suitable solid phase carrier and brought
into contact with circulatory blood, can fix modified LDL
onto the solid phase carrier. The immObilized—modified'LDL

is then removed from blood in order to clarify blood or
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diagnose diseases through the determination of a
concentration of mOdified LDL in blood. Thus, the
immobilized peptide would be useful for diagnosing,
depressing or treating various diseases associated with
modified LDL, e.g., arterial sclerosis, etc.

However, as the scavenger receptor is a membrane
protein of a molecular weight of 70 KDa existing as a large

molecule in the form of a trimer (Kodama et al., Nature,

1990, 343, 531-535), it is difficult to synthesize a
peptide corresponding to the receptor molecule itself.

It has been thought that the binding'site of
modified LDL on the scavenger receptor is present in a
collagen-like domain comprising a repeating sequence of
tripeptides, Gly-X-Y (X and Y are independently a variable
amino acid), at its carboxy-terminus. Partibularly, it has
been suggested that the binding site is located within 22
residues at the carboxy-terminus of the collagen-like
domain and that lysine at 327, 334, 337 and 340, in
particular the one at 337 plays an important role (Doi et
al., J. Biol. Chem., 1993, 268, 2126-2133).

Accordingly, the above object can be accomplished
by synthesizing a peptide(s) having the same binding
activity as that of the collagen-like domain of a scavenger
receptor which part is responsible for the binding with

modified LDL. The synthesis of such a peptide, however,
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has been hindered because a natural collagen-like domain
of scavenger receptor takes a complicated structure
wherein the amino-termini of three peptides chain
interact and the identification of a given structure of a
peptide having a binding activity was very difficult to
determine.

The present inventors have now succeeded 1in
identification of the site on the scavenger receptor
molecule participating in the binding with a modified LDL
and synthesized peptide derivatives having a binding
activity to modified LDL.

Thus, the present invention provides a compound of

the formula (I) :

NH,

| .
R‘—COCH—CHZS—CHZCO'—(bAla)n
NH, l

|

Rl—COCH-—-CHZS—CHQCO—(bAla)n-—-Lysf—Lys—-R“R’
NH, I

l .

R'-COCH—-CH,S—CH:CO—-(bAla)n
(1)

wherein:

bAla is f-alanine;
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R' is a group selected independently from peptide residues

represented by the formula:
(Gly-Pro-4Hyp )q—R?‘-— (Gly-Pro-4Hyp) q---R3
wherein 4Hyp is 4-hydroxyproline,
R° is a peptide residue having 9 to 72 amino acids,
R’ is an optionally modified glycine residue, and

d 1s an integer selected from 2 to 8;

n is an integer of 0 to 4:

R 1s a peptide residue having 0 to 5 amino acids or a group

represented by the formula:

Acp— Lys—

|
Acp—biotin

residue, an optionally modified tryptophan residue and a

compound residue suitable for use in the quantitative

gradient

; 1 ml/minute, using
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TOSOH TSK-GEL ODS120 as a column. The identification of
the peptide was conducted by a peptide séquence analysis,
amino acid analysis and mass spectrometric analysis.

Fig. 2 shows an elution_pattern of a biotinated-
branched peptide on HPLC in a similar manner to that
mentioned in Fig. 1 above.

Fig. 3 shows an elution pattern of a collagen
model peptide wherein the amino-termini of 3 peptides are
bound. HPLC was carried out in a similar manner to that

mentioned above.

Fig. 4 shows a CD spectrum of a triple-stranded
peptide. The CD spectrum was measured using JASCO*J-720.
"Fig. 5 1is a graph showing a state of heat

denaturation of a triple-stranded peptide on the basis of

the CD spectrum.
Fig. 6 is a graph showing the amount of AcLDL
bound to a peptide resin.

Fig. 7 shows an elution pattern of a non-

biotinated-branched peptide.

Fig. 8 shows an elution pattern of a non-
biotinated collagen model peptide wherein the amino-termini

of 3 peptides are bound.

The compounds (I) of the present invention

advantageously contain 3 peptides represented by'Rf*which,

*Trade mark
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when bound together, give a collagen-like structure

analogous to that of a scavenger receptor. A peptide of this
structure i1s known to be stabilized when several repeating
units of a tripeptide represented by Gly-Pro-4Hyp (4Hyp
indicates 4-hydroxyproline) are contained in amino- and/or
carboxy-terminal regions of said peptide moieties R’
(Thakur. S. et al., Biopolymers, 1986, 25, 1081-1086).
Accordingly, it is preferred to insert repeating
units of the tripeptide Gly—Pr6-4Hyp at the amino- and

carboxy-termini of the peptide residue-R?,*Which 1s thought

to be the binding site of modified LDL and preferably
contains at least 4 lysine residues. Thus, suéh a
repeating unit can be inserted by more than once,
preferably 2-8 times, more preferably 4 times at the amino-

terminus, and more than once, preferably 2 to 8 times,

more preferably 3 times at the carboxy-terminus.

Alternatively, an amino acid(s) other than lysine contained

in amino acid sequence of R’ can be replaced with other

amino acid(s) to convert a partial sequence to Gly-Pro-R.
Furthermore, it is possible to replace neutral and/or
acidic amino acid(s) with lysine or other basic amino
acld(s) (e.qg. ornithine,etc.)'so as to strengthen the bond
with a ligand. It is also possible to prepare a compound

having a cysteine or mércaptoPropyl group at the amino-
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terminus of the peptide, which compound can bind to a

compound represented by the formula (III):

XCHzCO(bAla)n
I.
XCH,CO(MAla)n—Lys—Lys—R—R’

|
XCH,C O(bAla)n

(1II)

wherein X is halogen, and R, R’, bAla and n are as defined
above.

All compounds of the formula (I) as defined above
are preferred for purposes of the present invention.

However, compounds (I) wherein n is 1 to 2, R’ is a peptide

‘residue which comprises 9 to 72 amino acids containing at

least 4 lysins and q 1is 2 to 8 are preferred, and those

wherein n is 2, g is 3 or 4 and R® is a peptide residue

represented by the SEQ ID NO: 1 of the Sequence Listings

are more preferred.
The term "an optionally modified glycine residue”

in the definition of R’ means that a carboxyl group of the
glydine residue may be 1in a free state, or amidated or
esterified. Examples of the ester include methyl; ethyl,
butyl, benzyl ester and the like.

The term "a'group selected from an optionally

modified tyrosine residue, an optionally modified
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tryptophane residue and any compounds suitable for use in the

quantitative determination of the peptide" in the
definition of R’ means that a carboxyl group of the amino
acid residue may be in a free state, or amidated or
esterified, similar to the above definition. Examples of
the ester include methyl, ethyl, butyl, benzyl ester and
the like. .

The presence of the amino acid residues or their
derivatives or the compounds cited above in peptides as R’
facilitates the gquantitative determination of said
peptideé. For example, if the tyrosine or tryptophan
residue is present, the quantitative determination of
peptides can be easily conducted by measuring the

absorption at 280 nm.

The term "halogen" means chloro, bromo and iodo,
and bromo'is preferred.

It has been demonstrated that the peptide
derivative (I) of the present invention specifically binds
to AcLDL and 1s, therefor, considered to be a receptor of
modifhied LDL, as 1s described in detail in the Examples below.

'Accdrdingly, the compound (I) of the present'
invention can be administered to persons who are liable to
suffer from various diseases associated with modified LDL
(e.qg. afterial sclerosis, etc.) or patients who have

already suffered from these diseases to prevent or
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treat such diseases through the inhibition or depression of
uptake of modified LDL by macrophages.

The compound of the formula (I) having a biotin
moiety can be optionally immobilized onto a solid phase
carrier through the biotin moiety to give aﬁ immobilized
peptide. The resulting immobilized peptide can be useful
in the prevention or treatment of diseases by bringing it
into contact with circulating blood to remove modified LDL
in blood. It can also be used to determine the
concentration of modified LDL in blood thereby contributing
to the diagnosis, treatment or prophylaxis of diseases.

The immobilized peptide can be advantageously provided in
the form of a kit for the purpose of diagnosis and
treatment.

Accordingly, the present invention also provides
a pharmaceutical composition containing the compounds (I)
for inhibiting the incorporation of modified LDL in blood
by macrophages. The pharmaceutical composition can be
useful for preventing or treating various diseases
aSsociated with modified LDL, e.g. arterial sclerosis, etc.

Further, the present invention also provides an
immobiliéed peptide having a binding activity to a modified
LLDL., wherein the compounds (I) are immobilized on a

suitable solid phase carrier.
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The peptide compounds (I) of the present :
invention can be immobilized on solid phase carriers via
any functional groups including amino, carboxyl, hydroxyl
and sulfhydryl groups. The immobilization can be
established advantageously using compounds (I) contalning a
biotin moiety which easily binds to an avidin moiety of a
resin as the solid phase carrier. In this case, since the
molecular weight of the LDL as the ligand is large, a

suitable distance between the carrier and peptide 1is

required. This can be accomplished by adjusting the number

of bAla of the formula (I), which serves as a spacer.

Examples of solid phase carrier suitable for use in the

present invention include those generally used 1in the
pharmaceutical fields such as agarose, acrylic beads,
sepharbse, dyna béads, latex, cellulose and the like.
Among them, a resin bound to avidin, e.dg. streptoavidin
dyna beads M-280 (manufactured by Dynal Co.) is preferred.
The immobilized peptide of the present invention
can be provided in the form of a kit in combination with a

suitable device used in the medical field. For example,

it can be charged into a column to obtain a kit to be used
as a hemocatharsis apparatus for clarifying circulating
blood. Such an apparatus also falls within the scope of

the present invention.
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The immobilization of the peptide derivatives of

the present invention to a solid phase carrier can be
conducted in a conventional manner known to pérsons skilled
in the art, for example, by mixing a compound of the
fofmula (III) with Cys-Rf‘Ln.a buffer of an appropriate pH

of about 7.5.

Although the compounds (I) of the present
invention can be prepared according to any method known in
the art, they are preferably obtained by the following
method. However, the present invention is not limited to
the compounds (I) obtained by the following method but
includes compounds prepared by other known methods.

Thus, the compounds of the present invention can

be prepared by reacting a compound represented by the

formula (II):

Cys-R1
wherein R' is as defined above with a compound.represented
by the formula (III).

The present invention provides a process for
synthesizing a part of a collagen-like structure of a
scavenger receptor, which serves as a deified LDL binding
site, while remaining all or a part of 4 lysins assoclated
with binding, or a derivative thereof. As 1s apparent from

the formula (I) above, the compound of the present

invention has a structure wherein 3 peptides are bound at
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their amino-termini in a similar manner to that of a
natural collagen-like structure wherein amino-terminl are
considered to be bound.

According to the methOd'of the present invention,
this specific structure is constructed by synthesizing and_
purifying a single peptide Cys—R} (II), reacting the peptide
(II) with a tri-branched peptide (III), and allowing the
respective amino-terminal regibn of the product bound
together into a triple-stranded form. The peptide (II) of
high purity is synthesized conventionally by meahs of a
commercially available automatic peptide synthesizexr, which

peptide (II) in turn gives the desired triple-stranded

- peptide (I) with high purity in high yield.

The starting compound (II) is synthesized using

an automatic peptide synthesizer, Model 4304, manufactured

‘by Applied Biosystems Co.

Another starting compound, i.e., the branched
peptide (III), can also be synthesized by combining any
conventional method used for peptide synthesis and organic
synthesis. The coupling reaction between compound (II) and '
compound (III) is conducted by reacting them in an aqueous
solution of 3 M guanidine hydrochloride and 0.1 M sodium
bicarbonate for 6 to 15 hours. The reaction product 1is

purified by subjecting 1t to HPLC, etc.
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When the resulting compound (I) was subjected
to the determination of the binding activity to
acetylated LDL labelled by **°I, the said compound proved
to have a specific binding activity to acetylated LDL.
The.measurement of CD spectrum of the compound (I)
revealed that 1t takes a collagen-like structure and that
the midpoint of heat deneturation 1s about 30°C (see,
Figs. 4 and 5).
When using the peptide derivatives of the

present invention in c¢linical treatment, a
therapeutically effective amount of a compound (I) can be
administered to a patient who requires reduction of blood
concentration of modified LDL. .The compound (I) can be
administered through an oral or parenteral route,
preferably a parenteral route. For such a purpose, the
compound of the present invention may be mixed with any
pharmaceutically acceptable carrier, diluent er vehicle
and 1S formulated into an appropriate dosage form such as
capsules, tablets, powders, granules or the like. 1In the
case of parenteral administration, they may be formulated
into, for example, solutions or euspensions suitable for
subcutaneous injection, intravenous injection,
intraperitoneal injection, intramuscular injection or the
like.

Alternatively, peptides derivatives (I) are

immobilized on suitable solid phase carriers, which can be
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brought into contact with circulating blood of a patient to
be treated at a flow rate of 50 to 70 ml/minute.

The novel peptide derivatives (I) of the present
invention may have affinity for the modified LDL in blood
and can bind selectively to the same in competition with
its natural receptors on macrophages, thereby inhibiting
the incorporation of modified LDL into macrophages and/or
decreasing the concentration of modified LDL in blood. As
a result, the peptide derivatives (I) of the present
invention are useful for preventing or treating various
circulatory diseases associated‘with modiflied LDL,

particularly arterial sclerosis. Further, the compounds
(I) immobilized on solid phase carriers such as resin, etc.

can be used to fix modified LDL in blood onto the solid

‘phase carriers in order to remove the substance or

determine the blood level thereof. Thus, the immobilized
compound (I) can provide a means of diagnosing, inhibiting
or treating arterial sclerosis. '

Further, the immobilized peptides (1) of the
present invention can be used to detect a peptide capable
of binding to the peptide (I) in a mixture of peptides of
various amino acid sequenCes. Accordingly, the present
invention can provide a means of screening a peptide
capable of binding strongly to a scavenger receptor of a

macrophage in competition with modified LDL, thereby
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contributing to the development of drugs for inhibiting the
incorporation of modified LDL into macrophages;
The following Examples further illustrate the

present invention in detail but are not to be construed as

limiting the scope thereof.

Example 1

(1) Synthesis of peptide 4

(SEQ ID NO: 2)

The peptide 4 was synthesized according to Fmoc
method using an automatic peptide synthesizer, Model 430A,
manufactured by Applied Biosystems in accordance with'the

manufacturer’s instructions. The synthesis was carried out

using Rink* resins (0.2 mmole, manufactured by Nova Biochem
Co.) and a protecﬁed amino acid (1 mmole). When the
synthesis was completed, a resin to which the peptide was bound
was removed from the synthesizer. The resin (100 mg) to
which the peptide was bound was reacted with ethanedithiol'
(0.0125 ml, manufactured by Wako'Junyaku Co., Ltd.),
anisole (0.0375 ml, manufactured by Wako Junyaku Co., Ltd.)
and trifluorocacetic acid (0.95 ml,‘mahufactured by Wako
Junyaku Co., Ltd.) at room temperature (apprbximately 25°C)
for 1.5 hours. The reaction solution was poured to cold
éther (10 ml) to precipitate a peptide. The precipitated
peptide was washed three times with ether (10 ml), dried,
dissolved in aqueous acetic acid (S'ml), and subjected to

HPLC for purification and lyophilized. An elution pattern

*T'rade mark
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of liquid chromatography after purification is shown in
Fig. 1. The HPLC was conducted by eluting with
acetonitrile in 0.1% trifluorcacetic acid at a
concentration gradient of 10 to 30% for 30 minutes, using
TOSOH TSK-GEL ODS120 as a column. The flow rate was 1
ml/minute. The compound was identified through the peptide
sequencing analysis.using Applied Biosystems Model 477A,.
amino acid analysis using Beckman* Model 6300, and mass
spectrometric analysis using ion spray mass SCIEX* APIII.
Results are shown below; .
Amino acid analysis (theoretical value is shown in
parenthesis):

Cys, 0.3 (1); Gly, 14 (14); Pro, 7.5 (8); 4Hyp,

6.6 (7); Lys, 5.3 (5); Thr, 0.9 (1); Leu, 0.9

(1); Asn/p, 0.8 (1); Gln/u, 2.4 (3).
Ion mass Spectrum:

Found value, 3842.7 t 0;3; and theoretical value

for C165H262054N508 7 3842.3.

*Trade mark
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(2) Synthesis of branched peptide 11

1) Fmoc Tyr(BrZ)/DCC, HOBt

9) -Fmoc Acp BrZ

\BiAresin ———8M % tBoc Lys-Tyr—MBHA
) 3) tBoc Lys(Fmoc)/DCC, HOBt 8

4) -Fmoc

5) Fmoc Acp/DCC, HOBt

6) -Fmoc

1) Fmoc Acp/DCC, HOBt

1) biotin-ONSu biotin-Acp BrZ . 2) -Fmoc

| -
———————— > NHy+Lys-Tyr-MBHAresin ——m —H M —-

2)  -tBoc 7T 3) Fmoc Lys(tBoc)/DCC, HOBt
4)'—Fmoc
) Fmoc Lys(tBoc)/DCC, HOBt
6) -Fmoc
tBoc biotin-Acp BrZ . NHy biotin-Acp BrZ
| ] ~tBoc | [

Nll,-Lys-Lys-Acp-Lys-Tyr-HBHAresin —> Nl ,-Lys-Lys-Acp-Lys-Tyr-MBHAresin
| .
tBoc . | NI )

| OO
| ¢O
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1) Fmoc bAla/DCC, HOBt
2) -Fmoc BrCHZCO-(bAla)zl biotin-Acp BrZ
-_ > BrCH2C0~(bAla)2—Lys~Lys-ACp—iys-}yr—MBHAresin .
3) Fmoc bAla/DCC, HOBt BrCH2C0—(bAla)gJ
4) -Fmoc - - 10

5) Bromoacetic acid/DCC, HOBt

BrCH,CO-bAla-bAla- biotin-?cp -
——————————————->-BrCHZCO—bAla-bAla-Lys—LySeAcp~Lys-Tyr-NH2

BrCH,CO-bAla-bAla-

11

DCC: Dicyclohexylcarbodiimide
HOBt: 4-Hydroxybenzotriazole
BrZ: Bfomobenzyloxycarbonyl
1) Synthesis of compound 6
A peptide-attached resin was synthesized by a
method shown in the above reaction scheme, using 4-

methylbenzhydrylamine resin 5 (manufactured by Peptide |
Laboratory). The synthesis was conducted by Fmoc method
using an automatic peptide synthesizer, Model 430A,

manufactured by Applied Biosystems Co in accordance with

the manufacturer’s instructions. The procedures below were

conducted manually after removing resin from the

synthesizer.
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2) Synthesis of compound 7

The reaction between compound'g_(SOO mg) and
biotin~-N-hydroxysuccinimide ester (0.5 mmole)-was conducted
in N-methylpyrrolidone (4 ml) as a solvent at.room
temperéture for one hour. The reactidn product was
deprotected by reacting with 50% trifluorocacetic acid in
methylene chloride for 15 minutes to give the compound‘l,

3) Synthesis of compound §
The compound 7 was subjected to an automatic

peptide synthesizer to synthesize the compound 8 by Fmoc

method;
4) Synthesis of compound 9
The compound 8 was deprotected by reacting with
50 % trifluoroacetic acid in methylene chloride as a

solvent for 15 minutes to give the compound J.

5) Synthesis of compound 10
The compound 9 was subjected to an automatic
peptide synthesizer to synthesize the compound 10 according
to the above reaction scheme.
7) Synthesis and purification of compound 11
The resﬁltant peptide-attached resiﬁ 10 (100 mg)
was reacted with m-cresol (0.1 ml, manufactured by Wako
Junyaku Co., Ltd.), trifluorocacetic acid (0.9 ml,
manufactured by Wako Junyaku Co., Ltd.) and

trifluoromethanesulfonic acid (0.1 ml, manufactured by

Applied Biosystems Co.) for 1.5 hours. The reaction
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solution was ice-cooled, partitioned between water (2 ml)
and ether (2 ml) to collect the agueous phase. The aqgqueous
solution was washed three times with ether (2 ml), purified
with HPLC and lyophilized to give the cOmpound,;;. An
elution pattern of liquid chromatography after purification
1s showh in Fig. 2. The HPLC was conducted by eluting wlith
acetonitrile in 0.1% trifluorocacetic acid at a
concentration gradient of 15 to 30% for 30 minutes, using
TOSOH TSK-GEL ODS120 as a column. The flow rate was 1
ml/minute. The identification of this compound was
conducted by mass spectrométry using FAB Mass JEOL JMX-
HX100.

FAB mass spectrum: found value (M+H) , 1803.61; and
theoretical value for C;4H,;70,gN,sSBr,, 1802..61.
(3) Synthesis of triple-stranded peptide (I)

The peptide 4 (2.37 umole) pfepared in (1) above
and branched peptide 11 (0.59 umole) prepared in (2) above
were dissolved in 3M guanidine hydrochloride (2 ml). To
the solution was added an aqueocus 1M sodium bicarboﬁate
solution (0.2 ml) and réacted for 6 hours. The reaction
mixture was acidified with an aqueous 1% trifluoroacetic
acid solution, purified with HPLC and lyophilized. An
elution pattern of liquid chromatography after purification

is shown in Fig. 3. The HPLC was conducted by eluting with

acetonitrile in 0.1% trifluorocacetic acid at a
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concentration gradient of 10 to 30% for 30 minutes, using
TOSOH TSK-GEL ODSl2O as a column. The flow rate was 1
ml/minute. The identification of this compound was
conducted by amino acid analysis and mass spectrometry.

Amino acid analysis (theoretical value is shown in

parenthesis):
S-carboxymethylcysteine, 2.9 (3); Gly, 42 (42);
Pro, 22.4 (24); 4Hyp, 19.6 (21); Lys, 18.3 (18);
Thr, 2.8 (3); Leu, 3.0 (3); Asn/p, 2.4 (3);
Gln/u, 7.6 (9); Tyr, 1.2 (1); bala, 5.5 (6); and
Acp, (2). .

lon mass spectrum:

found value, 13093.1 ¢ 1.1; theoretical value for

Cs63H9000180N1485,, 13090.7.
(4) CD spectrum of triple-stranded peptide
The peptidé obtained above was dissolved in 5 mM
phosphate bﬁffer (PH 7) to obtain a 10 uM solution, which
was subjected to CD spectrum determination using

JASCO J-720; The CD spectrum is characterized by a
positive peak at 224 nm and‘a negative peak at 198 nm (Fiqg.
4), demonstrating that the peptide takes a coliagen
structure. The stability against heat was determined by

measuring the value at 224 nm, which revealed that the

midpoint of the denaturation is about 30°C (Fig. 5).
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(5) Immobilization of triple-Stranded peptide onto
solid phase carrier
Streptavidin-dyna beads M-280 (0.2 ml,
manufactured by Dynal Co.) were washed twice with 5 mM
phosphate buffer (pH 7.5) containing 150 mM NaCl. To the
beads was added a peptide solution prepared by dissolving 1
nmole of the peptide obtained above in 0.1 ml of the same

phosphate buffer and the mixture was reacted at room

temperature for 30 minutes. The resin was washed with the

same phosphate buffer. As a result, about 250 pmole of the

peptide was bound to the resin.
(6) Determination of binding activity
Either of 32 pl of a solution of streptoavidin-
dyna beads M-280, as a control, or 16 pl of a solution of
peptide-immobilized dyna beads obtained in (5) above was
washed with PBS or DMEM culture medium. The resin was

suspended in 80 pl of a DMEM culture medium containing 10%

125

FBS. Then, I-AcLDL (19 pl) as a ligand (1.5 pg, about

0.6 pmole apolipoprotein B-100) was added and the mixture
was incubated at 4°C for 2 hours. After the resin was
washed three times with an ice-cooled 50 mM Tris HCl (pH
7.4) solution containing 150 mM NaCl and 2 mg/ml of BSA,
100 pl of 10 mM HEPES NaOH (pH 7.4) solution containing 50
mM NaCl and 4 mg/ml of dextran sulfate was added and the

mixture was incubated at 4°C. After 1.5 hours, the
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supernatant was collected and the activity of the free
ligand_was counted. In another control test, 12 ug of
maleic bovine serum albumin was added as a competitive
binding inhibitor together with the ligand in the same
reaction. Results are shown in Fig. 6.

As 1s clear from Fig. 6, AcCLDL was bound to the
péptide-immobilized resin of the present invention. On the
contrary, in control tests which were carried out using.l)
resin to which no peptide immobilized and ligand; ahd 2) a
resin with immobilized peptide, ligand and maleic bovine
serum albumin as a competitive inhibitor of AcLDL, no
binding effect of AcLDL was observed. These results
indicate that AcLDL is successfully bound to the synthetic

peptide moiety of the present invention.

Example 2

1) Fmoc Tyr(BrZ)/DCC, HOBt

2) ~Fmoc tBoc BrZ

| |
MBHAresin —mMmM8 > NHo,-Lys-Lys-Gly-Tyr-MBHA

|

3] - 3) Fmoc Gly/DCC, HOBt t-Boc
4) -Fmoc 12
5) Fmoc Lys (t-Boc)/DCC, HOBt
6) -Fmoc

1) Fmoc Lys (t-Boc)/DCC, HOBt
8) -Fmoc '
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NHz BrZ

De-tBoc | |
~———> NHo-Lys-Lys-Gly-Tyr-MBHA

|
NH.

13

1) Fmoc bAla/DCC, HOBt

2) ~Fnoc ‘BrCH,CO-(bAla)yy BrZ

|
> BrCH,C0-(bAla) ,-Lys-Lys-Gly-Tyr-MBHA

3) Fmoc bAla/DCC, HOBt BrCH,CO-(bAla) ,-
4) -Fmoc 14
5) Bromoacetic acid/DCC,HOBt

BrCHQCO“(bAla)Z]
—> BrCH,C0-(bAla) s-Lys-Lys-Gly-Tyr-NH,

BfCHzCO"(bAla)zJ
15

According to the reaction scheme above, a
compound (I) that is not bound to biotin was synthesized
substantially in accordance with the manner described
in Example 1 except for the biotination step (2), 2) in
Example 1.

(1) Synthééis of branched peptide 15

1y Synthesis of compound 12
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A peptide-attached resin was synthesized by a

method shown in the above reaction scheme, using 4-
methylbenzhydrylamine resin 5 (manufactured by Peptide
LaboratorY). The reaction was conducted by Fmoc method
using an automatic peptide synthesizer, Model 430A,
manufactured by Applied Biosystems Co. according to the
manufacture’s instructions.
2) Synthesis of compound 13
The compound 12 was removed from the synthesizer
and deprotected by reacting with 50 % trifluoroacetie acid
in methylene chloride for 15 minutes to give a compound‘;;.
3) Synthesis of compoﬁnd_;g
The compound 13 was re-charged in the automatic
peptide synthesizer to synthesize a compound.Qi according
to the reaction scheme above.
4) Synthesis and purification of compound 15
The peptide-attached resin 14 (100 mg) was
treated substantially in accordance with the manner
described in (2)'7) of Example 1 to prepare a compound 15.
An elution pattern of liquid chromatography efter
purification is shown in Fig. 7. The elution was conducted
by a cencentration gradient of acetonitrile in 0.1%

trifluoroacetic acid (10 to 30%) for 30 minutes.

FAB mass spectrum: found value (M+H) , 1280.21; theoretical

value for C,;H,,0,,N;3Br,, 1279.29.
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(2) Synthesis of triple-stranded peptide (I)
A triple-stranded peptide (I) was prepared by

reacting the peptide 4 (2.0 pmole) prepared in Example 1,
(1) and the branched peptide 15 (0.5 umole) prepared in
Example 2, (1) substantial in accordance with the manner
described in Example 1, (3). An elution pattern of
HPLC after purification is shown in Fig. 8. The elution
was conducted by a concentration gradient of acetonitrile
in 0.1% trifluoroacetic acid (10 to 30%) for 30 minutes.
Ion mass spectrum:

found value, 12570.0 * 0.4; and theoretical value

for C542H3550176N163S3, 12566.9.
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SEQUENCE LISTING

(1) GENERAL INFORMATION: _
(1) APPLICANT: Toshiki TANAKA
Takefumi DOI '
Haruki NAKAMURA

Takeshi IMANISHI
Tatuhiko KODAMA

(ii) TITLE OF INVENTION: PEPTIDE DERIVATIVES HAVING
BINDING ACTIVITY TO MODIFIED LOW DENSITY LIPOPROTEIN
~ (iii) NUMBER OF SEQUENCES:2 ‘
(iv) CORRESPONDENCE ADDRESS:
A) ADDRESSEE: Osaka
B) STREET: 6-2-3, Furuedai
C) CITY: Suita-shi
E) COUNTRY: Japan
F) ZIP: 565 ,
(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25
(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:
(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: '

(
(
(
(
(

(2) INFORMATION FOR SEQ ID NO:1:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(E) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
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Gly Lys Thr Gly Lys Pro Gly Leu Asn Gly Gln Lys Gly

1 5 10
Gln Lys Gly Glu Lys
15 18

(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
A) LENGTH: 41 amino acids
B) TYPE: amino acid
D) TOPOLOGY: linear
E) MOLECULE TYPE: peptide
FEATURE:
A) NAME/KEY: 4 Hyp .
B) LOCATION: 4, 7, 10, 13, 34, 37, 40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Cys Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa Gly Pro Xaa
1 ' 5 10
Gly Lys Thr Gly Lys Pro Gly Leu Asn Gly Gln Lys Gly
15 20 25
Gln Lys Gly Glu Lys Gly Pro Xaa Gly Pro Xaa Gly Pro
30 ' 35

(1X

(
(
(
(
)
(
(

Xaa Gly
40 41
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Claims:

1. A.compound represented by the formula (I):

NH,

|
R'—COCH-CH,;S—CH,CO—(bAla)n
NH, ’

|
R'-COCH—-CH;S—CH,CO—(bAla)n—Lys—Lys—R—R"’
NH, l

|
R'-COCH-CH,S—CH,CO—(bAla)n

(1)

wherein bAla is f-alanine:

R' is a group selected independently from peptide residues
represented by the formula:
(Gly~Pro-4Hyp) ;!-Rz- (Gly-Pro-4Hyp) q—R3
wherein 4Hyp is 4-hydroxyproline,
R is a peptide residue having 9 to 72 amino acids,
R’ is an optionally modified glycine residue, and

d 1s an integer selected from 2 to 8;

n is an integer of 0 to 4;

R 1s a peptide residue having 0 to 5 amino acids or a group

represented by the formula:

Acp— Lys—

|
Acp—biotin
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wherein Acp is é-aminocaproic acid; and R' is a group

selected from an opticnally modified tyrosine residue, an

of the peptide, which compound residue refers to an amino
aclid residue having a carboxyl group in a free, amidated or
esterified state.

2. The compound according to claim 1, wherein n
is 1 or 2, R® is a peptide residue which comprises 9 to 72
amino acids containing at least 4 lysine residues and q 1s 3
or 4.

3. A pharmaceutical composition comprising the
compound (I) as claimed in claim 1 or 2 in admixture with a
pharmaceutically acceptable carrier or diluent.

4. The composition according to claim 3, which
has an activity to inhibit the incorporation of a modified
low density lipoprotein into macrophages.

5. The composition according to claim 4, which is
used to prevent or treat arterial sclerosis.

6. An i1mmobilized peptide wherein the compound
(I) as claimed in claim 1 is immobilized on a suitable solid
phase carrier.

7. The immobilized peptide according to claim 6,
wherein the solid phase carrier is selected from agarose,
acrylic beads, sepharose, dyna beads, latex and cellulose.

8. The 1mmobilized peptide according to claim 7, which
1s used for recovering or removing a modified low density

lipoprotein in blood.

For - -""'“MWMM"‘ Y B .. R R LT IS ) _1w\.<.w‘~=!*".....q...- .- * e . ...‘w'.‘x‘,mmml Sord 4By, Newr saneh o . [ -
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9. A method for producing the compound (I) as
defined in claim 1, which comprises reacting a compound
represented by the formula (II):

Cys-—Rl

wherein R' is as defined in claim 1 with a compound

represented by the formula (III):

XCH,CO(Ala)n

|
XCH,COMAla)n—Lys—Lys—R—R’

|
XCH,;CO(A1la)n

(Il )

wherein X is a halogen atom, and R, R’, bAla and n are as

defined in claim 1.

T R g A R s ORI s e = e b S IR P LAY A1 W e
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NH,

|
RI-COCH—-CH;S—CH,CO—(bAla)n

NH, l
|
RI-COCH—-CH,S—CH,CO-~(Alay)n—Lys—Lys—R—R’
NH, l
|
RI—COCH—-—CH:;S—CH,CO—(bA1la)n

(1)
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