FI ELD OF THE | NVENTI ON The present invention relates t n for
protein-protein interactions, a nethod and a device the pr ot ei ns
obt ai ned using the nmethod and devi ce. BACKGROUND OF THE INVENFFCN Many
proteins carry out their function by interacting wth other proteins or
the sanme protein. Thus, it is inportant to elucidate protein-protein
interactions in the devel opnent of pharmaceutical s, the ﬂm@mmMIﬂMMIWL
agriculture, and the like. NotalBBSCRAIRIIPNAM th the progr
anal ysis and cDNA anal ysis of various organi sns including patdegeni c
m cr oor gani sns, the nunber of genes newy found and proteins encoded
t her eby whose functions are not known is rapidly increasing. Elucidating
pr ot ei n- pr ot eMETRODeF@Bt PREBIGRYNG pEROTEINHREROTEDN eINTERROPIONACt i on of a
protei n whose function 1is not known. A conventional nethod that has been
used to screen for a protein interacting wwth a certain protein so as to
elucidate their interactions, is the so-called two-hybrid system (Field,
S. The two-hybrid system t oFTIELRCOF pPTBE cINVENDIGNN i nteracti on. METHODS: A
Compani on to Meth. Enzynol., 5, 116-124, 1993). 2

The present invention relates to a prediction for

1 DESCRI PTI ON *@0002* METHOD FOR PREDI CTI NG PROTEI N- PROTEI mw&mﬂl ONS

protein-protein interactions, a method and a device therefor,

and proteins obtained using the method and device.

BACKGROUND OF THE INVENTION

Many proteins carry out their function by interacting
with other proteins or the same protein. Thus, it is important
to elucidate protein-protein interactions in the development
of pharmaceuticals, the breeding in agriculture, and the like.
Notably, along with the progress of genome analysis and cDNA
analysis of various organisms including pathogenic
microorganisms, the number of genes newly found and proteins
encoded thereby whose functions are not known is rapidly
increasing. Elucidating protein-protein interactions may
permit one to predict the function of a protein whose function
is not known.

A conventional method that has been used to screen for
a protein interacting with a certain protein so as to elucidate
their interactions, is the so-called two-hybrid system (Field,
S. The two-hybrid system to detect protein-protein interaction.

METHODS: A Companion to Meth. Enzymol., 5, 116-124, 1993).



However, the two-hybrid systemis a screening-based experinent, whose
operation is conplicated and tine-consum ng. Al so, the nunber of proteins
obtained is |ower than that expected. 2n addition, this nmethod has a
di sadvantage in that the results depend on the quality of the cDNA |library
used. In other words, this nethod has the risk that a gene encoding a
protein interacting with a certain protein is not contained in the cDNA
library used. On the other hand, protein databases based on genone
anal ysi s HAde¢ONA tasatysthybaie dyshrerehhancedeesioh-bhaedaexpet imenthas al so
been adopted wherein a protein conplex in a cell is subjected directly to
MALDI - TOFvhese asestirimretisycomnpl foakdd dnyd deamectianguminche Basabaskefor a
fragnent of the am no acid sequence thereof (Yates, JR 3rd, J. Mass
Spect r om n@Bben -dB prot@agys linpplineyd $5i Lbywelkr. theh ahat &kpetteghormsis, 18,
1217-1242; Kaufmann, R, 1995, J. Biotechnol., 41, 155-175, 1997). This
met hod gi ¥@dithdmor netiomeddrckhrisng dietdivaattbat inf bhatatkenpéexltdHut does
not give any information concerning the protein-protein interaction. Thus,
it nmust beéepexpeomn teatolaly tgoofitiredDWAI tibpsof eisksl.i Mrepaberwdbhdeach
ot her. SUMVARY OF THE | NVENTI ON I n one enbodi nent, the present invention
rel ates tohhs method fhers ptledi ctisig thar oteigernsr @otypepyi de gRtdéhat 3
interacts with a specific protein or polypeptide (A), wherein
interacting with a certain protein is not contained in the cDNA

library used.

On the other hand, protein databases based on genome
analysis and cDNA analysis have been enhanced, such that a
method has also been adopted wherein a protein complex in a cell
is subjected directly to MALDI-TOF mass spectrometry, followed
by searching in the database for a fragment of the amino acid
sequence thereof (Yates, JR 3rd, J. Mass Spectrom. 33, 1-19,
1998; Humphrey-Smith, I., et al., Electrophoresis, 18,
1217-1242; Kaufmann, R., 1995, J. Biotechnol., 41, 155-175,
1997). This method gives information concerning proteins that
form a complex, but does not give any information concerning
the protein-protein interaction. Thus, it must be
experimentally confirmed which proteins interact with each

other.

SUMMARY OF THE INVENTION

In one embodiment, the present invention relates to a

method for predicting a protein or polypeptide (B) that



the nethod is characterized by conprising: 1) deconposing the am no acid
sequence of protein or polypeptide (A into a series of oligopeptides
having a pre-determ ned |ength as seqdience i nformation; 2) searching,

wi thin a database of protein or polypeptide am no acid sequences, for a
protein or polypeptide (C) conprising an am no acid sequence for each
menber of the series or for a protein or polypeptide (D) conprising an

am no acid sequence honol ogous to an am no acid sequence of each nenber of
the serié&BteBackarviing specliéial paotebn avi @odepepndeeal(Agnmenerbebween
said protein or polypeptide (A and the detected protein or polypeptide
(C) or detbeteatpedt &$ ncharpotypeped dey (G)mpaheing) predicting whet her the
det ected Erotein or polypeptide (C) and/or protein or polypeptide (D) is a
protein ot) poli§peppesieng ( Bhe haming eeadds wetthenbhe ppdt epnobeipol gypepti de
(A) based on the results of the | ocal am no acid sequence alignnment and a
val ue cal ol gpeptidem(d)f deduwenty cfermsandfooddidpaptdidesa hadviegueacy of
said oligopeptides in said ami no acid sequence database. One enbodi nent of

t he presepretrdeearnomedmalehgth hes sdquenoentn boech ttdedhod for prediction
wherein the oligopeptide is 4-15 amino acids in length. In addition, in
anot her edbcdiarehting, heiphisentatabasatiproekahesr polypeptdde aginedi um
carrying a programto 4
acid sequences, for a protein or polypeptide (C) comprising an
amino acid sequence for each member of the series or for a
protein or polypeptide (D) comprising an amino acid sequence
homologous to an amino acid sequence of each member of the
series;
3) carrying out local amino acid sequence alignment between
said protein or polypeptide (A) and the detected protein or
polypeptide (C) or detected protein or polypeptide (D); and
4) predicting whether the detected protein or polypeptide (C)
and/or protein or polypeptide (D) is a protein or polypeptide
(B) that interacts with the protein or polypeptide (A) based
on the results of the local amino acid sequence alignment and
a value calculated from a frequency of an amino acid and/or a
frequency of said oligopeptides in said amino acid sequence
database.
One embodiment of the present invention may be the
above-mentioned method for prediction wherein the oligopeptide
is 4-15 amino acids in length.

In addition, in another embodiment, the present

invention relates to a recording medium carrying a program to



predict a protein or polypeptide (B) that interacts with a specific
protein or polypeptide (A), conprising at least the followng neans a) to
f): a) a nmeans for inputting am no aci# sequence information of the
protein or polypeptide (A) and storing the information; b) a nmeans for
deconposi ng the above-nentioned information into a series of oligopeptides
having a pre-determ ned | ength as sequence information, and a neans for
storing the sequence information consequently obtained; c) a neans for
storing aRreApet ProrerAidapabaséypgptadredms ftérataciodsyiants helth oaed
protein database and detecting a protein or polypeptide (C) having an
am no aci gPesefuenrect?in A pollivpepdpdeddAor goppotieingortpbegpepthee (D)
havi ng an_ami no aci d sequence honol ogous to.the am no acid sequence of
sai d ol i gbppPvHey memna akeaks flor storing and cal cul ating a detected
result; e) a neans for carrying out |local alignnent between the protein or
pol ypept i dk § ARpapAdiathénpetednedpime eicd dosegoeypeptn fhern(ad)iormpfpting ei n or
pol ypeptide (D), and a nmeans for storing and calculating a result; and f)
a neans fRFOEHIRI OF nee bypetddeantAvaingd sfomidg ethenioyf @fmaaiomm no aci d
and/or a frequency of said oligopeptide froma protein database, followed
by showi nlg) @nmeamieofroteprrpt cingyheploted menot @ied intferaetiionsifitom t he
resul tant value and a resultant value of said local alignment, and a neans
for storiagsenhes dsprhidorenticeeshdatirand qunselpeatninadt bengly s ot ei n

sequence information, and a means for storing the sequence

information consequently obtained;

c) a means for storing an input protein database;

d) a means for accessing the stored protein database and

detecting a protein or polypeptide (C) having an amino acid

sequence of said oligopeptide or a protein or polypeptide (D)

having an amino acid sequence homologous to the amino acid

sequence of said oligopeptide, and a means for storing and

calculating a detected result:

e) a means for carrying out local alignment between the protein

or polypeptide (A) and the detected protein or polypeptide (C)

or protein or polypeptide (D), and a means for storing and

calculating a result; and

f) a means for obtaining a resultant value of a frequency of

an amino acid and/or a frequency of said oligopeptide from a

protein database, followed by showing an index for predicting

protein-protein interactions from the resultant value and a

resultant value of said local alignment, and a means for storing

and displaying the result and consequently detecting protein



5 or polypeptide (B) which interacts with the protein or polypeptide (A).
In a further enbodi nent, the present invention relates to a recording

medi um conprising at |east one of the $ollowing means g) to 1) in addition
to the neans a) to f): g) a neans for ranking strength of protein-protein
interactions anong detected proteins or polypeptides (B) based on the

i ndexes cal culated froma resultant value of local alignnment and a

resul tant value of a frequency of an amino acid and/or a frequency of an
ol i gopept Ple RN ¥PRkds n(Rlat Wbask i intabachse Withat ther eprh&AioNeODr ot i n
or polypeptide (B) exist that are detected, and a neans for storing and

di spl ayi ngetieePesdet (A) h) a nmeans for displaying full-length of am no acid
sequences of the protein or polypeptide (A and the protein or polypeptide
(B) that is detTébtaecﬁurftéllelromgOldymEnﬁi,c‘ahengrasenbainmnbionpaela‘adss
sequence to be aligned in the full-length sequence in the case that am no
acid parttala segesAéay medlwhiqprad inirnowesl least gymemt beeweehlohiengr ot ei n
or polypeptide (A) and the protein or polypeptide (B); i) a nmeans for

cal cul at iR¢R=S s¥erie® b rirctandl odeltd ithdenezse ak e &) stereo structure
of the protein or polypeptide (A) or the protein or polypeptide (B) that

i s det ect@daimexmpd@roranning s reagshtddpriseinogyotredel i meenabl ens o nake
a stereo structure nodel, followed by displaying the structure of the

am no aci g t fareséqdemyetainst @r epalygretibpgsl ol based on the

indexes calculated from a resultant value of local alignment
and a resultant value of a frequency of an amino acid and/or
a frequency of an oligopeptide in a protein database in the case
that more than one protein or polypeptide (B) exist that are
detected, and a means for storing and displaying the result;
h) a means for displaying full-length of amino acid sequences
‘of the protein or polypeptide (A) and the protein or polypeptide
(B) that is detected, followed by indicating a location of
partial sequence to be aligned in the full-length sequence in
the case that amino acid partial sequences are aligned by local
alignment between the protein or polypeptide (A) and the
protein or polypeptide (B);

i) a means for calculating a stereo structure model in the case
that a stereo structure of the protein or polypeptide (A) or
the protein or polypeptide (B) that is detected is known or in
the case that homology modeling enable to make a stereo
structure model, followed by displaying the structure of the

amino acid partial sequences that are aligned by local



6 alignnent between the protein or polypeptide (A) and the protein or
pol ypeptide (B) on the stereo structure; j) a neans of classifying proteins
in a protein database to narrow a seagching area and storing the same; k)
a neans for serially inputting each protein in a protein database as the
protein or polypeptide (A); and 1) a neans for storing a genonme database.
In still another enbodi nent, the present invention relates to a device for
predicting protein-protein interactions conprising the means that are
carried bylidrnertbosetweshi ated pesosih ngrmeti upegtich addi Hrenathe
enbodi ment, the present invention relates to a method for specifying
proteins protpsiry peptpslegpedtiade | (Beracttid tdr@esh Htnedtumdi ch conpri ses
identifying a protein or polypeptide (B) that is predicted to interact
wWith a spec fneanps aifidlays POy Mpepitate iy iy 4 herobove-deribonedco
prediction nmethod or prediction device, and then experimentally confirmng
the presemmered 4 heedmdleiragtdn et weest e fHeteime or pol ypeptide (A) and
the protein or polypeptide (B). Furthernore, in another enbodinent, the
present Jnvenmidais rfdataseiol by prpheitiny il psidt &en thata isrewech fi ed
by the above nmethod. In still another enbodinent, the present invention
rel ates tdatamddiat afhe graiding JopdA oWy (hat 4rsg capabl e

1) a means for storing a genome database.

In still another embodiment, the present invention
relates to a device for predicting protein-protein
interactions comprising the means that are carried by the
above-mentioned recording medium.

In an additional embodiment, the present invention
relates to a method for specifying proteins or polypeptides
that interact with each other, which comprises identifying a
protein or polypeptide (B) that is predicted to interact with
a specific protein or polypeptide (A) by the above-mentioned
prediction method or prediction device, and then
experimentally confirming the presence of the interaction
between the protein or polypeptide (A) and the protein or
polypeptide (B).

Furthermore, in another embodiment, the present
invention relates to a protein or polypeptide that is specified
by the above method.

In still another embodiment, the present invention

relates to a method of screening for a compound that is capable

of controlling the interaction of a specific protein or



of controlling the interaction of a specific protein or 7 polypeptide (A)
with a protein or polypeptide (B) utilizing the above-nentioned prediction
met hod or prediction device. In yet anpther enbodi ment, the present
invention relates to a novel conpound obtained by the screening nethod and
conpound capabl e of controlling the interaction of the protein

a novel

pol ypeptide (A) with the protein or

desi gn based on informati on of the conpound obtained. In another
enbodi menpplyheppigse(®) whikrd pedtechadepolgpepiidel gPpeptilde ie¢RMPhrési ng
am no acid sequence SEQ ID No: 1 which is capable of controlling the
i nteracti ahové-menvioxed pRedVdtidnwhéthde! o2, pped a8t Dbh geeepetde t hat

conpri ses an ani no

capabl e of conln glelti agother iemeydetdnd) ohe\PFdsamtt AnBeintdon0fedates

pol ypeptide that contains any of these oligopeptides and is

control | i hg & hevebteemgetirahobtaViiéd by theBairekniny addhbdosnd iannenel
enbodi nent, the present invention relates to an agent against cel
conpri si ngompownd icgpreild d€ EOPfd Bl 1ty &MieNOn 86 dceeaHE e nSERbENQ 1.

still another enbodi nent,

pol ypeptide (B) obtained by drug

aci d sequence honol ogous to the oligopeptide and is

capabl e of

deat h

the present invention relates to a nmethod of

screeni ngof@rolq;petpmi@lmdApaﬁaﬂi ehefprawit okl pdgyperiel @& t(rnota Mldéd Wi th

Bcl -2, wherein the met hod

t he abovley nimig elked gpobypeft dfleinfdnyel i i eheeabRPgbIRA obt AEnHG ESENt
i nvention rel ates

In another embodiment, the present invention relates to
an oligopeptide comprising amino acid sequence SEQ ID No: 1
which is capable of controlling the interaction of verotoxin
2 (VTII) with Bcl-2, or an oligopeptide that comprises an amino
acid sequence homologous to the oligopeptide and is capable of
controlling the interaction of VTII with Bcl-2, or a
polypeptide that contains any of these oligopeptides and is
capable of controlling the interaction of VTII with Bcl-2.

In addition, in one embodiment, the present invention
relates to an agent against cell death comprising an
oligopeptide comprising amino acid sequence SEQ ID NO: 1.

In still another embodiment, the present invention
relates to a method of screening for a compound capable of
controlling interaction of VTII with Bcl-2, wherein the method
utilizes the above-mentioned oligopeptide and/or the
above-mentioned polypeptide.

In yet another embodiment, the present invention relates
to a method for determining a sequence of an oligonucleotide

coding an oligopeptide involved in interaction of a specific

or

In

utilizes the above-nentioned ollgopeptlde and/ or



to a method for determ ning a sequence of an oligonucleotide coding an
ol i gopeptide involved in interaction of a specific 8 protein or polypeptide
(A) with a protein or polypeptide (B) 8that is predicted to interact with
the protein or polypeptide (A), wherein the nethod uses the
above-nentioned prediction nethod or the above-nentioned prediction
device. In a further embodinent, the present invention relates to a series
of conbi nati ons of human proteins, which are predicted to interact with
each otheprotdEntéiipmﬂygep&mdea@bveﬂnﬁnbipmedeﬁnedkcpbbypapphdd OB) t he
above-mentioned prediction device. In addition, in an enbodiment, the
present ihkaehti®predilcitess tbointerbbbdvitdt tdad eebited naoeopbi paepondef
proteins having a protein-protein interaction that is related to a
di sease, WAprewhetdin netidade clooprises sied eshong-hdet 1 cnedi pacddotbased on
the information of a known protein that is related to the disease fromthe
above- nenhebhed sertles aboveanninbined ofediot bbmsdevieéher in anot her
enbodi ment, the present invention relates to a series of conbinations of
proteins havi ngln @ dueitireir endod imeher, acheoprebehtai evest dbrdréDatieseases,
and which are obtained by the above-nentioned nmethod. In yet another
enbodi mento shesqriesendf | pembinanioakatofs hiimam pebhednef sariesni agefor a
conpound that controls the interaction of a certain conbination and/or two
protei ns predicted to interact with each other, identified by the
above-mentioned prediction method or the above-mentioned
prediction device.

In addition, in an embodiment, the present invention
relates to a method for selecting a combination of proteins
having a protein-protein interaction that is related to a
disease, wherein the method comprises selecting the
combination based on the information of a known protein that
is related to the disease from the above-mentioned series of
combination of proteins.

Further in another embodiment, the present invention
relates to a series of combinations of proteins having
protein-protein interaction that are related to diseases, and
which are obtained by the above-mentioned method.

In yet another embodiment, the present invention relates
to a method of screening for a compound that controls the
interaction of a certain combination and/or two proteins
further selected from the series of combinations of proteins

having a protein-protein interaction that are related to

diseases obtained as mentioned above.



further selected fromthe series of conbinations of proteins having a
protein-protein interaction that are related to diseases obtained as
mentioned above. 9 In a still further enbodi nent, the present invention
relates to a conpound identified by the nethod of screening for a conpound
whi ch controls the interaction. In yet another enbodinent, the present
invention relates to a nethod for predicting a processing site of a
protein by predicting the protein-protein interaction of a specific
protein with arlrereyseiktl efvrnigesaenbprddmenn, usheg pries erab overereinti droned
predi ction nethod or device. In addition, in one enbodi nent, the present
inventionrelsted ¢ & compoamdnodant fif sequentacthat hcdrifasogedning for
prot ei n-processing site obtained by the above-nenti oned prediction nethod
for a proi ecompgruooesdiinh sidre; rald/tdre amteardamiaaci d sequence that contains .
a partial sequence honol ogous to the processing site. BRI EF DESCRI PTI ON OF
DRAW NGS Fi g. |Im ykkustotateas eRboddimeatact ite rasisdmesihventiba wal ftces
term nal end of verotoxin 2. Fig. Ib illustrates oligopeptides, each having
an am no tad thesdmueioe berdibtahgSar psodeesinyhs the wef ea bt Gt e1od by
deconposi ng the am no acid sequence consisting of said 20 residues as the
sequence prédiamEingnthsi e qirogmoteii ginterabtishr aifesaol spapeptid des,
each having an am no

protein with an enzyme cleaving said protein using the

above-mentioned prediction method or device.

In addition, in one embodiment, the present invention
relates to an amino acid sequence that contains a
protein-processing site obtained by the above-mentioned
prediction method for a protein-processing site, and/or an
amino acid sequence that contains a partial sequence homologous

to the processing site.

BRIEF DESCRIPTION OF DRAWINGS

Fig. la illustrates 20 amino acid residues from the amino
terminal end of verotoxin 2.

Fig. 1b illustrates oligopeptides, each having an amino
acid sequence length of 5 residues, which were obtained by
decomposing the amino acid sequence consisting of said 20
residues as the sequence information using a program.

Fig. 1lc illustrates oligopeptides,_each having an amino
acid sequence length of 6 residues, which were obtained by
decomposing the amino acid sequence consisting of said 20

residues as the sequence information using a program.



acid sequence length of 6 residues, which were obtained by deconposing the
am no aci d sequence consisting of said 20 residues as the sequence
information using a program 10 Fig. QJgqillustrates oligopeptides, each
havi ng an ami no acid sequence length of 5 residues, which were obtained by
deconposing the 13 residues fromthe amno termnal end of verotoxin 2 as
the sequence information using a program and human proteins conprising
the ami no acid sequence of the oligopeptides. Fig. 3 illustrates the

result of | ocal Fagi gnnentusMienely olakhiopepenidedss chbat haorRyi 88 anpasti on of
verotoxin 2 (VTIl) and human (3-adrenergic receptor kinase 2 (ARK2) were

obt ai ned. aki@. sdguehtystieayen blie sf reguen@ys, ofwigadh R GIBEL théd bﬁrot ein
synt hesis of Escherichia coll. Fig. 4b illustrates the percentage that each

am no aci decom @é@ﬁgnthénwr Pbei Aus¥nirhes $nef dRBiGherd LI dndFbg. S s
a sinplified flow of neans. Fig. 6 illustrates am no acid sequences of

ol i gopeptvdestodenii ¥egs famsweefi@hed RnZoMiaeh odl 8s2h§0aPh8E§PEM| NaRyMaN
proteins that are related to cell death, and the corfesponding human

proteins. hithgn Ppriklussr d@piitadpstheé ahihecalcad i 9agRBh¥heIebyhe
ol i gopepti des that conprise a portion of verotoxin 2 (VTIl) and Bcl-2,
wer e obt abDegopépPidSsi |l ustrates the result of |ocal alignment whereby

Fig. 3 illustrates the result of local alignment whereby
oligopeptides that comprise a portion of verotoxin 2 (VTII) and
human P-adrenergic receptor kinase 2 (ARK2) were obtained.

Fig. 4a illustrates the frequency of each amino acid in
protein synthesis of Escherichia coli.

Fig. 4b illustrates the percentage that each amino acid
is present in protein synthesis of Escherichia coli.

Fig. 5 is a simplified flow of means.

Fig. 6 illustrates amino acid sequences of oligopeptides
derived from verotoxin 2 which are also present in human
proteins that are related to cell death, and the corresponding
human proteins.

Fig. 7 illustrates the result of local alignment whereby
oligopeptides that comprise a portion of verotoxin 2 (VTII) and
Bcl-2, were obtained.

Fig. 8 illustrates the result of local alignment whereby
oligopeptides that comprise a portion of verotoxin 2 (VTII) and

Bcl-xL, were obtained.



ol i gopepti des that conprise a portion of verotoxin 2 (VTIl) and Bcl-xL,

were obtained. 11 Fig. 9 illustrates the result of |ocal alignnment whereby
ol i gopepti des that conprise a portionjpf verotoxin 2 (VTIl) and MCL-1,
were obtained. Fig. 10Ca-b illustrate the result of |ocal alignnment whereby

ol i gopepti des that conprise a portion of verotoxin 1 (VTlI) and Bcl-2 (Fig.
10a) or Bcl-xL (Fig. 10b) , were obtained. Figs. lIla-b illustrate

el ectrophoretic patterns showing the result of confirmational experinents
usi ng Hep&2 celRizy.afdil Bidtcetds thleonesglt haf 1\vefadt aXignRehViHdreamng Bel - 2
interact wth each other ((Fig Ila) and (Fig Iib) right), but that

ver ot oxi nolligafdpt ik Babt2cattpmnicde anp@ratdn Wit heeatbx oh e vTCCFighd | i b)
left). In the figures, Bcl-2 IPs and VTII IPs indicate that Bcl-2 and VTII

wer e i NmMMCIpF ecivye tatast dihedant i - Bcl -2 anti body and anti-VTIIl anti body,
respectively. Fig. 1lla (left) illustrates the result of western blotting

using anti-Bclrig.antopasyif{Bobt2a¥B) theFiksdla 6Fi dbchli ld Uusddmdies the
result of western blotting using anti-VTIIl antibody (VTII WB) . Fig. |lb

i I'] ust r atwise dIB€ I l0RJEp Rt ideRathatNsoaPeWsBlat PErt i88UbE Wrsontig mation of
the subcellular fraction of B10 cells that were treated with verotoxin 1

(VTL) (I eftdI)oandeBolexi(Fig2 (M) lor BeLghL) (Fidenepheserarssel seder e

detected using anti-VTlI antibody and anti-VTIl antibody, respectively.

Fig. 12 illustrtes Lhe-5iiEsusiole eoekesPRRdrk® ikthgatterns showing
the result of confirmational experiments using HepG2 cells and
B10 cells showing that verotoxin 2 (VTII) and Bcl-2 interact
with each other ((Fig 1la) and (Fig 11b) right), but that
verotoxin 1 (VTI) and Bcl-2 do not interact with each other
((Fig. 11lb) left). 1In the figures, Bcl-2 IPs and VTII IPs
indicate that Bcl-2 and VTII were immunoprecipitated by
anti-Bcl-2 antibody and anti-VTII antibody, respectively. Fig.
lla (left) illustrates the result of western blotting using
anti-Bcl-2 antibody (Bcl-2 WB). Fig. lla (right) illustrates
the result of western blotting using anti-VTII antibody (VTII
WB). Fig. llb illustrates electrophoretic patterns showing the
result of confirmation of the subcellular fraction of B10 cells
that were treated with verotoxin 1 (VTI) (left) or verotoxin
2 (VTII) (right), where these proteins were detected using
anti-VTI antibody and anti-VTII antibody, respectively.

Fig. 12 illustrates the sites which correspond to the

local alignment of verotoxin 2 (VTII) and Bcl-2.



| ocal alignnment of verotoxin 2 (VTII) and Bcl-2. 12 Fig. 13 illustrates,
using a wire nodel, the portion that is honologous to the partial sequence
of verotoxin 2 (VTIl) on the stereo d9Rructure of Bcl-xL. Fig. 14
illustrates, using a wire nodel, the portion that 1is honologous to the
partial am no acid sequence of Bcl-xL on the stereo structure of verotoxin
2 that is constructed by honology nodeling. Fig. 15 illustrates that
ol i gopepti de NWEGRI which conprises a portion of verotoxin 2 (VTII) and
Bcl -2, suppresstigy. ¢8lildesittrtiemucednbya Vilrde modal dase: depeddenthatanner of
NWGRI. Figs. l1l6a-b illustrate the result of |ocal alignnent whereby
ol i gopept islédemdiatgorenpoi ke paudritaloreqiichuraof hed petroxin Qel(VTsD) face
protein CD4 and HI V-1 virus surface protein gpl20, were obtained. Fig. 16a
i |lustratiegse odigyopepttdestutmtof @ipilse a portion of CD4 and gpl20. Fig.
16b illustrates amno acid sequences of a region having a high | ocal
honol ogy i n CDFicand4gpl ROstftges,1dsihbus riateemodige, ridsupbrof ohogad t
al i gnnent whereby oligopeptides that conprise a portion of CED-4 (a cell
deat h-r el ¢ édbrErlatgeius ab tRewpardie)a BrehiVRCaL ipr ekeuencehbEhBc bi-gUsor 0
CED-4), were obtained. Fig. 18 illustrates the result of |ocal alignnment
wher eby tdie gopeEpto desradabreoopr rseotiopdnt Ronhaft dny |t tanecisd By
protein (APP) and BASE (an enzyne which cl eaves the protein),

homology modeling.

Fig. 15 illustrates that oligopeptide NWGRI which
comprises a portion of verotoxin 2 (VTII) and Bcl-2, suppresses
cell death induced by VTII in a dose dependent manner of NWGRI.

Figs. 1l6a-b illustrate the result of local alignment
whereby oligopeptides that comprise a portion of human helper
T cell surface protein CD4 and HIV-1 virus surface protein gpl20,
were obtained. Fig. 16a illustrates oligopeptides that
comprise a portion of CD4 and gpl20. Fig. 16b illustrates amino
acid sequences of a region having a high local homology in CD4
and gpl120.

Fig. 17 illustrates the result of local alignment whereby
oligopeptides that comprise a portion of CED-4 (a cell
death-related protein of nematode) and MAC-1 protein (which
binds to CED-4), were obtained.

Fig. 18 illustrates the result of local alignment whereby
oligopeptides that comprise a portion of amyloid precursor
protein (APP) and BASE (an enzyme which cleaves the protein),

were obtained.



were obtained. 13 Figs. 19a-b illustrate the result of |ocal alignnent
wher eby ol i gopeptides that conprise a portion of furin-precursor protein
(furin-pre) and von Wl ebrand factor 13precursor protein (VWAWF-pre), were

obtained. Fig. 19a illustrates oligopeptides that conprise a portion of
both proteins. Fig. 19b illustrates an am no acid sequence of a region
havi ng a high | ocal honology in both proteins. Fig. 20 illustrates the

result of local alignnment whereby oligopeptides that conprise a portion of
anyl oi d precursirgs prbba+in { APR3t aatle ptbhteirrsBCE (ofhidras sbhgndened to be
involved in the processing thereof), were obtained. In the figure, synbol
"=" i ndi cahesehy si tel idateptsiredi dthedt t o cbepaisel eavagepskteonBRI &F
DESCRI PTI ON OF REFERENCE NUVERALS a Means for inputting b Means for
deconposi figrimtprecsesoepraftedln gopephi-ges) antd wiroWing ebltangafi®@ctodeans
for storing d Means for searching and storing e Means for carrying out
local alipneentsand wisrditg (VifF-gqugncy weakcubathngeaenor yrdyspl ayang
means 9 Ranki ng/ menory-di spl ayi ng means h Locati on-di spl ayi ng neans
Stereo stilThsiteatdd collaybpapieaesy thiadpldyipggi S®a8Sportion of both

proteins. Fig. 19b illustrates an amino acid sequence of a

region having a high local homology in both proteins.

Fig. 20 illustrates the result of local alignment whereby
oligopeptides that comprise a portion of amyloid precursor
protein (APP) and protein PC7 (which is considered to be
involved in the processing thereof), were obtained. 1In the

figure, symbol “=” indicates a site that is predicted to be a

cleavage site.

BRIEF DESCRIPTION OF REFERENCE NUMERALS

a Means for inputting
b Means for decomposing into a series of oligopeptides and

storing the same

C Means for storing

d Means for searching and storing

e Means for carrying out local alignment and storing

f Frequency-calculating/memory-~displaying means

g Ranking/memory-displaying means

h Location-displaying means

i Stereo structure-calculating/memory-displaying means

3 Means for classifying proteins and storing



i Means for classifying proteins and storing 14 k Sequentially inputting
means 1 Means for storing m Keyboard n Controlling nmeans o Qutputting
means DETAI LED DESCRI PTI ON OF THE | NVEMTI ON The enbodi nents of the present
invention will be described in nore detail below as well as the principle
and nethod of the present invention, a recording nediumthat carries a
program for carrying out the nethod, a device that works the function,
protei ns and pol ypeptides that are obtained by the nmethod and device. The
f ol | owi ngkdescr$equential by vierputning freganid | ustration, and it not intended
tolimt the present invention. Technical and scientific terns used in the
speci ficali on M¥eams tfer neaorings usual |y understood by one of ordinary

skill in the art to which the present invention pertains, unless
ot her wi semdef i n&@ybdefdrence is made herein to various nethodol ogi es known
to those of ordinary skill in the art. Publications and other materials

setting forth staitkrbohimg medroziol ogi es to which reference is nade are
incorporated herein by reference in their entireties. In one enbodi nent,
the preseant invantpuwrtired ateend o a mnethod for predicting protein-protein
interactions, which is

DETAILED DESCRIPTION OF THE INVENTION

The embodiments of the present invention will be
described in more detail below as well as the principle and
method of the present invention, a recording medium that
carries a program for carrying out the method, a device that
works the function, proteins and polypeptides that are obtained
by the method and device. The following description is given
only for illustration, and it not intended to limit the present
invention.

Technical and scientific terms used in the specification
have the meanings usually understood by one of ordinary skill
in the art to which the present invention pertains, unless
otherwise defined. Reference is made herein to wvarious
methodologies known to those of ordinary skill in the art.
Publications and other materials setting forth such known
methodologies to which reference is made are incorporated
herein by reference in their entireties.

In one embodiment, the present invention relates to a
method for predicting protein-protein interactions, which is

based on the following idea: protein is composed of a sequence



based on the following idea: protein is conposed of a sequence 15
consisting of 20 kinds of am no acids, but these am no acids are not
random y placed. Therefore, it is condbdered that an oligopeptide that is
a partial sequence of a protein has arole in a species of a living
organi sm For exanple, an oligopeptide that is a part of a certain enzyne
is considered to play a role in recognizing a substrate. In another
protein, an oligopeptide that plays an inportant role in interacting with
ot her prot@sisstisngasi2dekdthdsoofxamtino doitlh} Sowaythése i snhesessSidy to
consider the function or interaction of a protein fromthe oligopeptide
| evel . | mradditt randofiignplaecui el rdf axfe f riequencynsfidehedothgopepti de,
the frequency of the appearance of certain oligopeptides in all of the
pr ot ei ns ehtposxpthiydd hbagehorephrtdne O @i SaNdfSa tot €MemasSanEsle
ol i gopeptides frequently occur in various proteins; others do so only
rarely. linis smgidd ke ya tlhiatiran cdgzgopept i de that occurs with | ow
frequency is an oligopeptide that is unique to each protein. Such an
ol i gopept i de nirght edemnpl 8} nen tdie gdeaitird ehatunstd @araf offhg dquetLin. On
the other hand, the fact that proteins interact with each other inplies
that the emtyereadsi conpidd sdsopelépranral ef incicorqniiz ieRopen@dtrmd t h each
ot her whereby the organism carries on its biotical activity. If it is
assumed tlratarattherolpgr@ofedpt,i do QArIRGRPEHd T He JIERES 100, i dpwr- et ei ns
that interact with each other m ght have the sane ol i gopeptide or

role in interacting with other proteins is considered to exist.

In this way, it 1is necessary to consider the function or
interaction of a protein from the oligopeptide level. In
addition, from the viewpoint of frequency of the oligopeptide,
the frequency of the appearance of certain oligopeptides in all
of the proteins encoded by the genome in one organism is not
even. Some oligopeptides frequently occur in various proteins;
others do so only rarely. It is very likely that an oligopeptide
that occurs with low frequency is an oligopeptide that is unique
to each protein. Such an oligopeptide might determine the
feature or function of the protein.

On the other hand, the fact that proteins interact with
each other implies that the interacting proteins perform a
function in cooperation with each other whereby the organism
carries on its biotical activity. If it is assumed that one
oligopeptide corresponds to one function( two proteins that
interact with each other might have the same oligopeptide or

homologous oligopeptides. In addition, these two proteins



honol ogous ol i gopeptides. In addition, these two proteins 16 m ght have
honol ogous sequence structure in a part other than the oligopeptide that
is the sane. As one of the techniquesief simlarity search for analyzing
honol ogy of two proteins, a nmethod of conparison by aligning the primry
structures of both proteins is known (M noru Kanahisa "Introduction to
genone informatics (in Japanese)"” Kyoritsu Publishing Co., Ltd., 93-104,
1996). This sequence alignnment includes 'global alignnment' and "1 ocal
al i gnmentihighbhedvg divalo Llalgogesneaglienoapstisestaté gini Rgphlré oehérrehan
sequences, and the "local alignnent' conprises locally aligning only
honol ogoushparl sgexepadedHatom s hdhe seeriences. | n any alignnent, the
alignnent is carried out so that the relation between/anbng two sequences
or nore can be Zs ohearof ashpossidiirel gudEny o€ ondiinnialt 4 insy exsieatrchn £dwe
al ignnment depending on the length of the sequence. Methods for carrying
out conbiaad by z Bhg duinaticopt bdntwoch polee 11, dy methodpvdgeanpangsonabhod. The
Smth-Waterman nmethod (Smith, TF and Waterman, M5, J. Mol. Biol. 147,
195- 197, dBBdnindathésphaseadyomntirve turiaacif ebothaprdyBanisc iy Ogi&mmi ng
gives an estimation function on the conbinatorial optimzation of
sequences(Minvah ugaabhtibe ‘ERitimEdUCidiNebi afsndmee. infhemalkagy schie' or
"score' permts estimting honol ogy between two proteins. It can be
esti mat edJapdrad sd e Kyoghesut Peb 5Tel endetaveentr, ot ®@3-1504 hatoagr.e Tionpar ed,
t he hi gher the honol ogy between these proteins. As for the

sequence alignment includes ‘global .alignment’ and ‘local

alignment’. The ‘global alignment’ comprises aligning the
entire sequences, and the ‘local alignment’ comprises locally
aligning only homologous parts extracted from their sequences.
In any alignment, the alignment is carried out so that the
relation between/among two sequences or more can be as clear
as possible. Many combinations exist in the alignment
depending on the length of the sequence. Methods for carrying
out combinatorial optimization include the dynamic programming
method. The Smith-Waterman method (Smith, TF and Waterman, MS,
J. Mol. Biol. 147, 195-197, 1981) that is based on the principle
that dynamic programming gives an estimation function on the
combinatorial optimization of sequences. A value of the
estimation function, i.e., ‘homology score’ or ‘score’ permits
estimating homology between two proteins. It can be estimated
that the higher the score between proteins that were compared,
the higher the homology between these proteins. As for the
local alignment, it is carried out by setting a threshold to

the score, followed by carrying out combinatorial optimization



| ocal alignnent, it is carried out by setting a threshold to the score,
foll owed by carrying out conbinatorial optimzation 17 of partial

sequences, when the conbi nati on of seqgences is searched by dynami c
programming (e.g., Gotoh, 0., Pattern matching of biological sequences
with limted storage, Conput. Appl. Biosci. 3, 17-20, 1987). The | ocal
alignnment nethod permts searching the honol ogous structure in a part of
the protein other than where the oligopeptide that is the sane portion to
two proteofispastlietasedueReesei Rhphott@ien dambairatiicanso MM ghdudraves been
conserved in the process of evolution. The case of verotoxin of

Escheri chsaacohedabg Bhinahicasprtspeanniaty | ageg, , | Golties that pgbeefwncti on
has been conserved in the protein-protein interaction beyond species,
whence stmatthiaylof biolbgtcaliswuanias segueniest ¢d Ghioraxiest Compuaddi ti on,
in the processing of anyloid precursor protein and von WI I ebrand Factor
(VW) prkppisoBipsoiei 3, as-descniobeq .l atre lIdweal wigraneof metpdbQol ysis
m ght have been conserved in the protein-protein interaction, and

struct ur abéymstsi s@sraimg wice chGRSLEREES s @bt ueXi 5 . a Aodet hod s
predicting protein-protein interactions that is created based on the above
i dea may ptsveperotherptrRdhcivhageathet Wlﬁl? epituriet itoRg thatt@ssfren known
only as a single function in the past an escribing a new imge of life
based on pdetiesutsd stwdaprowesenpresi cdedon, a conputer and on

Protein-protein interactions might have been conserved
in the process of evolution. The case of verotoxin of
Escherichia coli and Bcl-2, as described later, implies that
one function has been conserved in the protein-protein
interaction beyond species, whence structurally similar amino
acid sequences might exist. In addition, in the processing of
amyloid precursor protein and von Willebrand Factor (VWF)
precursor protein, as described later, the function of
proteolysis might have been conserved in the protein-protein
interaction, and structurally similar amino acid sequences
might exist.

A method for predicting protein-protein interactions
that is created based -on the above idea may also permit
predicting a network of functions that has been known only as
a single function in the past and describing a new image of life
based on the results that were predicted on a computer and on
the overall relation of actions that is different from the image

of life being reached by the accumulation of facts that have



the overall relation of actions that is different fromthe image of life
bei ng reached by the accunul ation of facts that have 18 been obtai ned by
t he enuneration principle of noleculang biology. In addition, if the
prediction for interactions is possible not in one organi smbut between
two organisnms, e.g., human beings and pat hogeni ¢ m croorgani sns, the
el ucidation of the pathogenesis that has not been known so far m ght
beconme possible. Concretely, one enbodi nent of the above nethod for
predi ct i ngegn obbitaipect eby ithieer antmenstisna pwirtmicbled o€ tridld ¢uaand
predicting a counter-protein froma protein database and the |ike, which
i nteract sbiwldgw. protein that was obtained by genone anal ysis or cDNA
anal ysi s whose function is unknown or a protein whose function is known,
wher ei n the nethodaddbopohses.t fotie epasplietihe for | awtegastepssl-As | n
step 1, an amno acid sequence of a specific protein or polypeptide is
deconposembssitlol & reer iasoné otdgopmptutebeth@enngwa preadeses midaeg. ) ength
as the sequence information. In step 2, proteins or polypeptides are
det er m nedumdn be iagepind @atéacgkndki OEEEs deni sms sttee dluboaatogy of
partial structures between the proteins is estimated by |ocal alignnent.
In step the gmtthagjdrgonieptihde hasf Hothpeeavrhoaheso byas i@t essyons
occurrence. Each step will be described bel ow nore in detail:

possible.

Concretely, one embodiment of the above method for
predicting protein-protein interactions is a method of
extracting and predicting a counter-protein from a protein
database and the like, which interacts with a protein that was
obtained by genome analysis or cDNA analysis whose function is
unknown or a protein whose function is known, wherein the method
comprises, for example, the following steps 1-4:

In step 1, an amino acid sequence of a specific protein
or polypeptide is decomposed into a series of oligopeptides
having a pre-determined length as the sequence information. In
step 2, proteins or polypeptides are determined which comprise
each oligopeptide. In step 3, homology of partial structures
between the proteins is estimated by local alignment. In step
4, each oligopeptide is further evaluated by a frequency of
occurrence.

Each step will be described below more in detail:

Step 1:

The amino acid sequence of a specific protein or

polypeptide (A), such as a protein or polypeptide that is



Step 1: The am no acid sequence of a specific protein or polypeptide (A,
such as a protein or polypeptide that is 19 obtai ned by genone anal ysis or
cDNA anal ysi s and whose function is ngt known or a protein or polypeptide

whose function is known, is deconposed into oligopeptides as sequence
information by shifting, serially, by one am no acid residue fromthe
amno termnal end to the carboxyl end. For exanple, Figs. la-b illustrate
ol i gopeptides (Fig. |b) having an amno acid length of 5 residues that

wer e obt adieali ndy byegenpos iang ityisd sf b £ IDN2Dahe sy dilesar{d vl osbagut V& ot oxi n
2 (VTIl) of Escherichia coli 0157:H7 fromits amno term nal end as

sequence ishotnihdwn .o rAsigre tadindsr atd y@ldadrrpihees Airtct WV ER kiowhei r
one-letter synbols hereafter. Wien step 1 is carried out, the am no acid

| engt h of is di¢ gopepiédlei ithatol SgsRaarinse t A5 & e rses UaNESrmdd D5 Ay on i s
4 to 15 residues, preferably 4 to 8 residues. The |longer the |ength of an

ol i gopeptshieft img, grersit=rl i heypanki awliabi byiaf rébedusl FoonRephé dgmigs shown
in Exanple 2. Step 2: In step 2, a protein or polypeptide (C conprising an
anm no acitemeipEncnditand igopeplyderddat was obtai ned by the
deconposition in step 1 or a protein or polypeptide (D) having an am no
acid sequence trat eixamparn| @gges 19-bhel DhégpRePtd DEgopsSperaesheeidor in an
am no aci d sequence dat abase of proteins

1b) having an amino acid length of 5 residues that were obtained

by decomposing the first 20 residues (Fig. la) of verotoxin 2

(VIII) of Escherichia coli 0157:H7 from its amino terminal end

as sequence information. Amino acids and oligopeptides are

given in their one-letter symbols hereafter.

When step 1 is carried out, the amino acid length of

oligopeptide that is decomposed as the sequence information is

4 to 15 residues, preferably 4 to 8 residues. The longer the

length of an oligopeptide, the greater the particularity of the

oligopeptide, as shown in Example 2.

Step 2:

In step 2, a protein or polypeptide (C) comprising an

amino acid sequence of an oligopeptide that was obtained by the

decomposition in step 1 or a protein or polypeptide (D) having

an amino acid sequence that is homologous to the oligopeptide

is searched for in an amino acid sequence database of proteins

or polypeptides. The number of detected proteins or

polypeptides (C) or (D) can be large or can be one depending

on the oligopeptide used.



or pol ypeptides. The nunber of detected proteins or polypeptides (C) or
(D) can be large or can be one depending on the oligopeptide used. 20 For
exanple, Fig. 2 illustrates the resul topg of searching for proteins having 9
ol i gopepti des each consisting of 5 amno acids obtained by deconposing 13
resi dues of verotoxin 2 (VTIl) of Escherichia coif 0157:H7 fromthe am no
termnal end, in a protein database (SW SS-PROT version 35). Verotoxin 2
causes food poisoning and/or renal damage in human bei ngs, so that human

protein can be rar gxlagpfier, Begl chiingukekaeednties NI NSf s&akchih@r act
with VTII. For exanple, such a search shows that a human protein _
conpri si ngoplg@aents davkehle QW ept ilded edch(SeeSNsh ing JB5aghensr gi C
receptor kinase 2 (ARK2 HUMAN). Step 3: Local alignment is carried out

bet ween t heiaborr aineldebP deorPRIMRRP B de {iucNdrtherdr &t 8l 2 PUTIT)
pol ypeptide (C) or protein or polypeptide (D) that is obtained in the

sear ch i noBtegcier fhi £%¥M 615F: 87 Brom!usd ralies ttheriesul bnaf Lacal
al i gnnent between verotoxin 2 (VTII) andf3-adrenergic receptor Kkinase 2

(ARK2) . Speprdin ldatdmadeeqehitr setphbe (esad oRl 3 gNNERL ok oxli@P2 cshons any
honol ogy of partial sequence between the above protein or polypeptide (A

and the desedt sl iy nad/ @Ol yRept idnddd imneifin PEOLREH, 050 PEhyPept i de
(D) , the protein or polypeptide
human protein can be targets for searching for counter-proteins
that interact with VITII. For example, such a search shows that
a human protein comprising oligopeptide KCILF shown in Fig. 2
(second) is B-adrenergic receptor kinase 2 (ARK2 HUMAN) .
Step 3:

Local alignment is carried out between the above protein
or polypeptide (A) and the protein or polypeptide (C) or protein
or polypeptide (D) that is obtained in the search in Step 2.

For example, Fig. 3 illustrates the result of local
alignment between verotoxin 2 (VTII) and f-adrenergic receptor
kinase 2 (ARK2).

Step 4:

If the result of the local alignment in step 3 shows any
homology of partial sequence between the above protein or
polypeptide (A) and the detected protein or polypeptide (C)
and/or protein or polypeptide (D), the protein or polypeptide
(C) and/or protein or polypeptide (D) are/is predicted to
possibly be a protein or polypeptide (B) that interacts with
protein or polypeptide (A). Moreover, the frequency of amino

acid(s) and/or the frequency of oligopeptide that is present



(C and/or protein or polypeptide (D) are/is predicted to possibly be a
protein or polypeptide (B) that interacts with protein or polypeptide (A
. Moreover, the frequency of amino agijd(s) and/or the frequency of

ol i gopeptide that is present 21 in both protein or polypeptide (A and the
detected protein or polypeptide (C) and/or protein or polypeptide (D) is
calculated froma protein database, foll owed by evaluating the
particularity of each oligopeptide in the protein database or in the
genone of iarb®tlgatiotwihayi b I fised idei () OanAot P Ittt ed Arode ihher
detected protein or polypeptide (C) and/or protein or polypeptide (D) . If
the partipulapepyids (0U)odndlbe prctleiabsk idol yplepttheieP( B¢t £QDch Say@l uat ed
to be high that the protein or polypeptide (C) and/or protein or

pol ypepti deoD) a apebtsin pPuait@basel, PEMARMIE HB) dhatudtiesactgew th
the protein or polypeptide (A). For exanple, an index of particularity of

t he abOVepa@ti@@P@ﬂHﬁ&i%ﬂ:%a'e{ﬁ b3igapeptatigdih a e ple84.186X30apQskrom t he

conposition ratio (Fig. hat is calculated fromthe frequency of am no

aci d (Fi gin4ghe igenahk 6f drhe rghelienRafDsguat: JPbtdie gengneyeipEsgberi chia
coif shown in Fig. 4, so that the particularity is high.  An oli gopeptide

consi sti ngapfo:5 3@ A8t ed€blSpEbasih o JAYWRIRD ded (03VankipWrParbtepharity
inthe EE coli genone is LLLLL, i.e., the particularity Index iIs

136344. 340x H¥1lpephidel i gopept i de aonsi §5kegggi%géggi nos aglids, thRE is
cal cul ated to have the highest particularity is :
reliability of the prediction is evaluated to be high that the
protein or polypeptide (C) and/or protein or polypeptide (D)
are/is a protein or polypeptide (B) that interacts with the
protein or polypeptide (A).

For example, an index of particularity of the above
oligopeptide KCILF is calculated to be 1284.86X107!° from the
composition ratio (Fig. 4b) that is calculated from the
frequency of amino acid (Fig. 4a) in all of the proteins encoded
by the genome of Escherichia coli shown in Fig. 4, so that the
particularity is high. An oligopeptide consisting of 5 amino
acids that is calculated to have low particularity in the E.
coli genome is LLLLL, i.e., the particularity index is
136344.34 x 107*°. An oligopeptide consisting of 5 amino acids
that is calculated to have the highest particularity is CCCCC,
with a particularity index of 2.208X107!°, but the oligopeptide
is not found in the E. coli genome. Therefore, the prediction
that verotoxin 2 interacts with B-adrenergic receptor kinase

2 is evaluated to have high reliability from the value of the

particularity index.



with a particularity index of 2. 208 X 10-10, but the oligopeptide is not
found in the E. coif genone. Therefore, the prediction that verotoxin 2
interacts with (3-adrenergic receptor 2Rinase 2 is evaluated to have high
reliability fromthe value of the particularity index. 22 In order to
confirmfurther the protein-protein interaction, the gene encoding the
protein may be cloned for expression based on the information of the
obtained proteins that interact with each other. For exanple, as described
in the exanpl €| atrder VUd awhiBoim 2 fvertther ediled edotateinepacteimi t h
each other by the above predicting nethod or a predicting device carrying
a programiteeradieion ediha igegperenicodinghichecpubtdeibemapnbe r akondy for
experiments wherein cells in which Bcl-2 is expressed and cells in which
Bcl -2 is exprespiesdmbakoa theattedormatholToE, thel dloweindy proteins
co-immunoprecipitating with anti-Bcl-2 antibody and anti-VTIIl antibody. In
addi ti on,that iimtpossithive tht easpecithert heFoki graepl ¢ dea aisdasc tiped t Ant
interacting site, for exanple, by introducing a nutation by a well-known
met hod itho ddepdrsndaseird ¥8HlUeod Bafl -enwelriegppegt ctdedt batintsergutedi ct ed
to be an interacting site, followed by confirmng that the interaction is
| ost. Thewiish kedhf otheoprfy roiengboirateradi ¢ oirsg exgigrddrent alpyed sctiaig | i i t ed
to the above ones, but any of techniques that are applicable by those
skil | ed idevidwecarrymny doprogedm flar abdigrdeahi,ctiffng hetBodonThisesbuldt an
ol i gopepti de,

be confirmed by experiments wherein cells in which Bcl-2 is

expressed and cells in which Bcl-2 is not expressed were treated
with VTII, followed by co-immunoprecipitating with anti-Bcl-2
antibody and anti-VTII antibody. In addition, it is possible
to specify the oligopeptide as an important interacting site,
for example, by introducing a mutation by a well-known method
into the amino acid sequence of an oligopeptide that is
predicted to be an interacting site, followed by confirming
that the interaction is lost. The method for confirming
interactions experimentally is not limited to the above ones,
but any of techniques that are applicable by those skilled in
the art may be used.

In addition, if it is confirmed that an oligopeptide,
which was predicted to be an interacting site, interrupts a
protein-protein interaction and suppresses any function or
action of the protein, then such an oligopeptide can be utilized
as an agent for suppressing the action of the protein. For
example, as described in an example below, oligopeptide NWGRI,

which was predicted to be the interacting site for VTII and



whi ch was predicted to be an interacting site, interrupts a
protein-protein interaction and suppresses any function or action of the
protein, then such an oligopeptide car3be utilized as an agent for
suppressing the action of the protein. For exanple, as described in an
exanpl e bel ow, ol igopeptide NWGRI, which was predicted to be the
interacting site for VTII and 23 Bcl -2, suppresses cell death induced by
VTI1 and can be used as an agent against cell death. Such a

| ow- nol ecBEar2nesyppresompaaid ceethe imduderethya¥ TiRaandceati bal ssed

reagents, and the 1like. Next, a recording nedium and device that carry a
program #%ran mrgeijo\sgaigtsiodefldr dprédi.ct Bnghpaocl @vrmpletel ar-vatgh@act i ons
wi || be described. The above recordi ng nedium and device conprise at | east

t he fol | owpmgowedmsmn by wioi [(fded abigharbacélhustads premyeaxayphadothe he
constitution. Inputting neans (a): A neans for inputting the amno acid
sequence lhkermati on concerning a specific protein or polypeptide (A) such
as a protein or polypeptide, which was obtai ned by genone anal ysis or
cDNA anal ysi s, Newise af nacoréihng snathiturk newndev ipeottedth carrrypal ypeptamle whose
function is known. Means for deconposing into a series of oligopeptides and
storing tfer satbe( bjaboAereamstHad dEconpesieny dthiegan puwo taei - sestenc e
information that was input by inputting neans (a) into a series

interactions will be described. The above recording medium and

device comprise at least the following means (a) to (f). Fig.

5 illustrates an example of the constitution.

Inputting means (a):

A means for inputting the amino acid sequence information

concerning a specific protein or polypeptide (A) such as a

protein or polypeptide, which was obtained by genome analysis

or cDNA analysis, whose function is not known or protein or

polypeptide whose function is known.

Means for decomposing into a series of oligopeptides and

storing the same (b):

A means for decomposing the amino acid sequence

information that was input by inputting means (a) into a series

of oligopeptides having a pre-determined length as sequence

information by shifting, serially, by one amino acid residue

from the amino terminal end to the carboxyl end, and storing

the result.

Storing means (c):

A means for storing a database that was input in

concerning with a protein or polypeptide.



of oligopeptides having a pre-determ ned | ength as sequence information by
shifting, serially, by one amno acid residue fromthe amno term nal end
to the carboxyl end, and storing the 2esult. Storing neans (c): A neans
for storing a database that was input in concerning with a protein or

pol ypeptide. 24 Searching/storing neans (d): A neans for accessing a

dat abase concerning a protein or polypeptide that is stored in storing
means (c), followed by searching for a protein or polypeptide (C

conpri si n§eahehanbhetoatnd seguencd) of the above ol i gopeptide or a protein
or polypeptide (D) conprising an am no acid sequence that is honol ogous
to the am no achdessguénceaotes hienabode tebrgepeptcdeningral pstodieiimgorhe
result. Carrying out |ocal alignment/storing neans (e): A neans for

carryi ng patypepalidal tlyabeis deinesbnn Is¢ordingyeepnst écn, ofopdbypdpbiyde (A)
and the detected protein or polypeptide (C and/or (D), and storing the

result. Feagokhey-foat euaitiaigl oenes yyphspldyi(0y ceapsiéing theneansof or
calculating an index for predicting protein-protein interactions fromthe

result ofathd aeowencecadf ahegratente andiybpepesdet bt ai nadbafireror
calculating a frequency of an am no acid and/or a frequency of an
ol i gopept pdeypeptideedDi decoprieliyge i demthad abase, sargthesioey i tigatands
di spl ayi ng t he
homologous to the amino acid sequence of the above oligopeptide,
and storing the result.
Carrying out local alignment/storing means (e):

A means for carrying out local alignment between the
above protein or polypeptide (A) and the detected protein or
polypeptide (C) and/or (D), and storing the result.
Frequency-calculating/memory-displaying means (f):

A means for calculating an index for predicting
protein-protein interactions from the result of the above local
alignment and the result obtained after calculating a frequency
of an amino acid and/or a frequency of an oligopeptide in a
peptide or polypeptide database, and storing and displaying the
result.

In addition, in the above program for predicting
protein-protein interaction, it is also possible to comprise
the following means (g) to (1) in an appropriate combination:
Ranking/memory-displaying means (g):

A means having a function of ranking proteins or

polypeptides (B), when more than one protein or polypeptide (B)

is detected, by using the result of the local alignment and the



result. In addition, in the above programfor predicting protein-protein
interaction, it is also possible to conprise the followng neans (g) to
(1) in an appropriate conbi nation: Rapgki ng/ menory-di splaying neans (g): A
means having a function of ranking proteins or polypeptides (B), when nore
than one protein or polypeptide (B) is detected, by using the result of
the I ocal alignnment and the 25 result of the cal culation of a frequency of
an amino acid and/or a frequency of an oligopeptide froma protein

dat abase assuldgxeheand culfati@d 68 DEre4aehbY Sh apl i Mg he s880bt -
Location-indicating nmeans (h): A neans for displaying full-length am no

aci d sequengesquehcyheprot eb i @spddt YRePEiaR GAL A itheg P AN Lld 94
pol ypeptide (B) followed by indicating a | ocation of partial sequence to

be al i gnethdaxébheahd! 4 - FeRgt Do esitleNESSi ndY dDep TAFEn g Netke 2Pk Hi91 + aci d
partial sequences are aligned between the protein or  polypeptide (A and

t he det ecLedapioneimdDiaPPhyprpdngeB). Stereo
structure-cal cul ati ng/ menory-di splaying nmeans (i): A means for cal culating

a stereo structin@aMedebrf @l sonedndyrudilsnlaly g s cShEYat #E§udficdde ani no
acid partial sequences that are aligned between the protein Or polypeptide

(A) and THE ther it i RbrRRs Ypsdlt (e (B) My the Stem Shryei whépt fud he case
that a stereo structure of the protein or polypeptide (A or  the protein
or polypeps) des (1Bwddady iihdla@ath@d al $0KABYWBNObfi Partial sequence to
be aligned in the full-length sequences in the case that amino
acid partial sequences are aligned between the protein or
polypeptide (A) and the detected protein or polypeptide (B).
Stereo structure-calculating/memory-displaying means (i):
A means for calculating a stereo structure model followed
by displaying the structure of the amino acid partial sequences
that are aligned between the protein or polypeptide (A) and the
protein or polypeptide (B) on the stereo structure in the case
that a stereo structure of the protein or polypeptide (A) or
the protein or polypeptide (B) that is detected is known or in
the case that a stereo structure model can be constructed by
homology modeling.
Protein-classifying/storing means (j):
A means having a function of classifying proteins or
polypeptides in a protein or polypeptide database by feature,
function, and/or origin to narrow a searching area followed by

storing them.

Sequentially inputting means (k):



the case that a stereo structure nodel can be constructed by honol ogy
nodel i ng. Protein-classifying/storing neans (j): A neans having a function
of classifying proteins or polypeptiggs in a protein or polypeptide

dat abase by feature, function, and/or origin to narrow a searching area
followed by storing them Sequentially inputting neans (k): 26 A neans for
sequentially inputting each protein or polypeptide in a protein or

pol ypepti de dat abase as the protein or polypeptide (A). Storing neans (1):
A nmeans havi ng A feaasi divmof setjoenhtgadl gereomr tddinrpasech ta1QV eo AeANS
are carried on an appropriate nedium As one enbodi nent of use, each of

these neapslypypbide imoxiplest s ardliiRegidiatat BBagel £5@hdi HPoF@h um
selectively carrying it as a program A device for predicting

pr ot ei n- poot pohypebetdet (NS i s operated as descri bed below (see Fig. 5).
A specific protein or polypeptide (A), such as a protein or peptide which
was i nput Sbyrimng imeatid i (p) neans (a) and whose function is unknown or
known, is deconposed by neans for deconposing into a series of

ol i gopept i des a@ehesing’ hagihfea samct{dh) IR o218 he§eRbme! dgOPePd des
having a pre-determned |ength as sequence information, and the

ol i gopepti des arg: above means are carried on an appropriate medium.

As one embodiment of use, each of these means may be
provided as a device containing a recording medium selectively
carrying it as a programn. A device for predicting
protein-protein interactions is operated as described below
(see Fig. 5).

A specific protein or polypeptide (A), such as a protein
or peptide which was input by an inputting means (a) and whose
function is unknown or known, is decomposed by means for
decomposing into a series of oligopeptides and storing the same
(b) into a series of oligopeptides having a pre-determined
length as sequence information, and the oligopeptides are
stored. In this case, the protein or polypeptide (A) is
sequentially input by a sequentially inputting means (k) from
a means (c) that stores a database that was input concerning
the protein or polypeptide, when desired. A search is carried
out through a means (c) for the amino acid sequence of the
above-stored oligopeptide by a searching/storing means (d),
and a protein or polypeptide (C) comprising the amino acid

sequence of the oligopeptide or a protein or polypeptide (D)



stored. In this case, the protein or polypeptide (A is sequentially input
by a sequentially inputting neans (k) from a neans (c) that stores a

dat abase that was input concerning tlpy protein or polypeptide, when
desired. A search is carried out through a nmeans (c) for the am no acid
sequence of the above-stored oligopeptide by a searching/storing neans
(d), and a protein or polypeptide (C) conprising the amno acid sequence
of the oligopeptide or a protein or polypeptide (D) 27 conprising an am no
aci d sequenmpribahgi snhambhogausdt sedhencant gt ats dh6REUEHEEs Ot ot BRe
oligopeptide is detected and stored. Wien searching, it Is also possible
to cl assi éyipoaicidisequenpelypentisesgdpest b abaset Ot ddlanastBeegear chi ng
area by a protein-classifying/storing neans (j), followed by searching

wi thin theherssétnohingeait The absveppsoilelia o6 PLAyPepyigeotéMsand the
detected protein or polypeptide (C) or (D) are subjected to |ocal

al i gnment pbyypepotaés yin al idatiang sy adirdsi &8YiengeARaRSnGEhreanByt €
result is stored. Next, by a frequency-cal culating/storing nmeans (f), the

f r equencypobtainagi aes BEY th@nelt oF 1 ianddraguengy refi 1bhed Bl gopeehidg arel/is
cal cul ated froma database that was stored on a neans (c), and an index

for predielthinptios etdsyirteirti tirdat eraet bBBsei preabeHl ategof ypapt hger esul t
and the above-obtained result of the local alignnent and stored. Then,

those obt ghnednar ehdi aptayeddoprovheiacbeepfydepe idevi @, i ) are the
protein or polypeptide (C) or (D) that are predicted
subjected to local alignment by a locally
aligning/memory-displaying means (e), and the result is stored.
Next, by a frequency-calculating/storing means (f), the
frequency of an amino acid and/or the frequency of the
oligopeptide are/is calculated from a database that was stored
on a means (c), and an index for predicting protein-protein
interactions is calculated from the result and the
above-obtained result of the local alignment and stored. Then,
those obtained are displayed on the screen of the device, which
are the protein or polypeptide (C) or (D) that are predicted
to interact with the above protein or polypeptide (A), an amino
acid sequence of an oligopeptide that is the same in these
proteins, a frequency of the oligopeptide, indexes for
predicting protein-protein interactions, and so on. Displayed
results permits giving a protein or polypeptide (B) that has
interaction with the above protein or polypeptide (A) based on
the indexes for predicting protein-protein interactions. In
addition, concerning the above protein or polypeptide (B), it

is also possible to display the functional information of a



to interact wwth the above protein or polypeptide (A) , an amno acid
sequence of an oligopeptide that is the sanme in these proteins, a
frequency of the oligopeptide, indexe®8for predicting protein-protein
interactions, and so on. Displayed results permts giving a protein or

pol ypeptide (B) that has interaction wth the above protein or polypeptide
(A) based on the indexes for predicting protein-protein interactions. In
addi tion, concerning the above protein or polypeptide (B), it 1is also
possi bl e pootesplthatt ie stocedomala mertiasmat) amdftha d8npr dhEbnmabadni s
stored on a neans (c) and the gene information froma nmeans (1) equi pped
when desi fedmt haneshsr €5) cegehoped wabdsei rdherhaoretdéhen angepowéei n or
pol ypeptide (B) is detected, a ranking/ nenory-displaying neans (g) permts
ranki ng ttetabasei n Wnepahypepthae ¢M) provsteroofpdhgoepatdeécyBprisy to

interact with the above protein or polypeptide (A . It is also possible
to indi catletéytad) ocat iramkiimgi/oetrory -diesplayimy wheahspaly) ofpéheits
full-length am no acid sequences of the above prot ein or polypeptide (A)

and the detrkimg fhet epnotein palrypeplydeptBlei s(B)heipardiddr awifnotiaei d
sequence that is aligned between the protein or polypeptide (A and the
protein parpdtypepttygeo(B)terdat addhttilonabotreisrat sin pessse bygepoide spl ay
a stereo structure of the protein or polypeptide (A) and the protein or
pol ypept i t&) ( BIt, isasalwed boasibhe parindiaitd ®yahiphest i bet iveencidbendr ot ein
or polypeptide (A) and the protein or polypeptide (B) by a stereo

means (h) which part of the full-length amino acid sequences

of the above protein or polypeptide (A) and the detected protein

or polypeptide (B) is the partial amino acid sequence that is

aligned between the protein or polypeptide (A) and the protein

or polypeptide (B). In addition, it is also possible to display

a stereo structure of the protein or polypeptide (A) and the

protein or polypeptide (B), as well as the part that is aligned

between the protein or polypeptide (A) and the protein or

polypeptide (B) by a stereo

structure-calculating/memory-displaying means (i). This

device may be equipped with keyboard (m), controlling means (n),

outputting means (o), as shown also in Fig. 5, and so on as well

as these means (a) - (l).

The above method for predicting protein-protein

interactions or the above prediction device can further be used

for screening for a novel compound that controls the

interaction of a specific protein or polypeptide (A) with a

protein or polypeptide (B). The above method of screening for

a novel compound that controls the interaction of a specific



structure-cal cul ati ng/ menory-di splaying means (i). This device may be

equi pped with keyboard (m , controlling neans (n) , outputting neans (0)

, as shown also in Fig. 5, and so on @9 well as these nmeans (a) - (1). The
above nethod for predicting protein-protein interactions or the above
predi ction device can further be used for screening for a novel conpound
that controls the interaction of a specific protein or polypeptide (A
with a protein or polypeptide (B) . The above nmethod of screening for a
novel conpbohdinher pokitpentsidedA)nwethchi pnobkia epepdlypegOigeot®) n or

pol ypeptide (A) with a protein or polypeptide (B) is carried out based on
t he i nf or bat conrdedt batamasedacind tisegieficematiankey ahiegapeinis decidn ani no
aci d sequence of a selected oligopeptide, an anm no aci d sequence of an

ol i gopept $eleudnes| @f cukdherldigopept iaepol ppepmide aofpr setagncehef aai no
aci d sequence or the honol ogous am no acid sequence per se can be capable
of contros¢legtedie ohigopeptide of she apiabei acdd palepepidade ¢A) amth the
protein or polypeptide (B). For exanple, in the case that the protein or

pol ypept i @bl ¢@)ephiae rgone resept ahefrenct,i om &opd hepepoi @ Ncdtip PO ypept | de
(A) is in existence, it is likely that an oligopeptide that is screened
by the above amictmiaguiel Esqaahagost thec hiomotlbejouisnbmtaet 40hd afednends ot ei n
or polypeptide (A) with the protein or polypeptide (B) . For exanple, in
t he case pdmatse¢ heamprind etapalolre pof yepirdalel i) tlse antiavd@didy dheche
interaction with the

protein or polypeptide (A) with the protein or polypeptide (B).

For example, in the case that the protein or polypeptide (B)

having a receptor function to the protein or polypeptide (A)

is in existence, it is likely that an oligopeptide that is

screened by the above technique is antagonistic to the

interaction of the protein or polypeptide (A) with the protein

or polypeptide (B). For example, in the case that the protein

or polypeptide (A) is activated by the interaction with the

protein or polypeptide (B), it is likely that an oligopeptide

that is screened by the above technique has a function as an

agonist.

Concretely, as described in detail in the examples below,

it was experimentally confirmed that an oligopeptide NWGRI

described in SEQ ID NO: 1, which comprises a portion of VTII

and Bcl-2, that were predicted and experimentally confirmed to

interact with each other by the present invention, interrupts

complex formation due to the interaction of VTII with Bcl-2,

and suppresses cell death induced by VTII. Therefore, NWGRI

oligopeptide can be used as a medicament for controlling a



protein or polypeptide (B), it is likely that an oligopeptide that is
screened by the above technique has a function as an agonist. Concretely,

as described in detail in the exanpl esobelow, it was experinentally
confirmed that an oligopeptide NAWGRI described in SEQ ID NO 1, which
conprises a portion of VTIl and Bcl-2, that were predicted and

experinentally confirmed to interact with each other by the present
invention, interrupts conplex formation due to the interaction of VTII
with Bcl -2iscasd sebpres des cedlll ddeahhinddoee bW, fofherafipile, a dhVGRI
ol i gopeptide can be used as a nedi canent for controlling a 30 di sease
rel at ed to rgwlicaieatth fomduceslt byg ATHE sebee exaspd dagscaergdihdaneal if or
treating a disease caused by Escherichia coli 0157 expressing VTII, nore
concr et el §19% exprgEninayaildstneet lcomteaitel Maseaw ergeran aghigepepsl e
having an am no aci d sequence honol ogous to the am no acid sequence and
capabl e ofleationt Mokeomgri ke bl gopept bde dfawld awi drimelac2d S&qaence
pol ypepti de conprising the am no acid sequence or an amino acid sequence
horol ogouBonoledeusmnitm adiead seduencacddd sepakheeof andontaphblieg dhe
interaction of VTIl with Bcl-2, can also be used as a nedicanent for
control | i ngnerell seege tled atiedtdraatdldn dedt hvTiinduaedhbyByIHR, |oraddition,
a novel conpound capable of controlling the interaction of VTII with Bcl-2
can be obpalyweebtide ldomprd stihgseholamjopeptidesarhdqobypapbindes Hyidhe drug
desi gn nmet hod or by applying of a known screeni ng net hod.
sequence homologous to the amino acid sequence and capable of
controlling the interaction of VTII with Bcl-2, can also be used
as a medicament for controlling a disease related to cell death
induced by VTII. In addition, a novel compound capable of
controlling the interaction of VTII with Bcl-2 can be obtained
utilizing these oligopeptides and polypeptides by the drug
design method or by applying of a known screening method.

In this way, a novel compound, which is obtained by drug
design based on the information of an oligopeptide that is
obtained by the above screening method according to an
embodiment of the present invention, is capable of controlling
the interaction of a specific protein or polypeptide (A) with
a protein or polypeptide (B). Namely, to predict interaction
of the above protein or polypeptide (A) with the above protein
or polypeptide (B) permits one to make a derivative of the
oligopeptide obtained by the above screening method and a

low-molecular-weight compound having a structure homologous to

the oligopeptide by a well-known drug design technique.



In this way, a novel compound, which is obtained by drug design based on
the information of an oligopeptide that is obtained by the above screening
nmet hod according to an enbodi ment of &lhe present invention, is capable of
controlling the interaction of a specific protein or polypeptide (A with
a protein or polypeptide (B). Nanely, to predict interaction of the above
protein or polypeptide (A) with the above protein or polypeptide (B)
permts one to make a derivative of the oligopeptide obtained by the above
screeni ng net hobhambave | pHedbtleken aretidghts cohpounernavsefua §oruature
honol ogous to the oligopeptide by a well-known drug design technique. 31
The abovelMpEbadcfpsndeserodnisgaltde \sequensef Wf fioie aoligohodléotide
determ ni ng the sequence of the oligonucleotide coding an oligopeptide
i nvol ved FAAing ez} wrordp il dpdaividlaediot entteracpdoppefit adepédlfuct h a
protein or polypeptide (B). Applying well-known nethods such as
substi t ut Poptede| @t ipon,ypegddide dA) vihklkerd ippmtedm iomdpodgpeptatieoiBpased on
this information permts one to obtain a useful oligonucleotide. The
obt ai ned BPPgphug| ot i dkncen hethsds $och obs aswbaygi tut tompodaief bon,
control li ng the interaction of protein or polypeptide (A) with protein or
pol ypept i @@diBlomn a gt iavel or Fondexedplmejtations Utaddedzednf othimki ng an
antisense oligonucleotide to interrupt the protein-protein interaction.
I n addi t i ohfoxmat bin apeenii o$ | gonutd edttatn canudef wsedl f gonudiagnbdéng a
di sease that is related to the protein-protein

The obtained oligonucleotide can be used for obtaining a

compound for controlling the interaction of protein or
polypeptide (A) with protein or polypeptide (B) on a gene level.
For example, it is wutilized for making an antisense
oligonucleotidé to interrupt the protein-protein interaction.
In addition, the obtained oligonucleotide can be used for
diagnosing a disease that is related to the protein-protein
interaction.

In another embodiment, the present invention relates to
a series of combinations of human proteins that are predicted
to have protein-protein interactions, which are predicted by
the above method or device for predicting protein-protein
interaction. The series of combination of proteins can be
provided as a catalogue or as a database. A series of
combination of proteins which interact with each other that are
involved in a disease can be obtained by selecting ones having
protein-protein interactions that are related to a disease
based on the information of known proteins that can be related

to the disease from the series of combination of proteins having



interacti
series of

protein-protein interactions, which ar® predicted by the above nethod or

on. I n another enbodi nent, the present invention relates to
conbi nati ons of human proteins that are predicted to have

device for predicting protein-protein interaction. The series of

conbi nat i
series of
i nvol ved

prot ei n- pPEPERANTRYeEQLR| dnserhatiane.relHiank toam Yeseaswideabsets oa t he
information of known proteins that can be rel ated
seri es of cebabpaueighasfa gesabass .hdhiese 82mpintatinnprof @nvtiedner acéi ons.

These can be provided as a catal ogue or as a database. These conbi nati ons

on of proteins can be provided as a catal ogue or as a dat abase.
conbi nation of proteins which interact wwth each other that are

in a disease can be obtai ned by sel ecting ones havi ng

a

to the di sease fromthe

A

of protei Keh¥e asgeimghligemgntefiorameent iy dnr pakeivegtdngpdésenskesgodi seases
or as ways to obtain nedicanents. For exanple, a conpound capable
control | i A Watksekactoriromethicapeotei. n§'occaaxbepbdbt & wetpbyndscapebiag usi ng

a wel | -known screening nethod and by utilizing
that is obfatenkollnindéntasadtian afobgo qoudtieiats e bensbshiingdobyt wo
having a protein-protein interaction, one protein is an enzyne

pr ot ei ns

capabl e ofcpeorErsiusdny atws Il dabwl eavesntihg w¢tkod radbei utilheing

processing site of the protein that is cleaved can be predicted by the

above netaodompinriier dHrppreating ithpt piotabteimed ei n i nt eracti ons.

In the case that among combinations consisting of two
proteins having a protein-protein interaction, one protein is
an enzyme capable of processing protein and cleaves the other
protein, the processing site of the protein that is cleaved can
be predicted by the above method or device for predicting
protein-protein interactions.

For example, as shown in an example below, prediction
could be accomplished on the subject of the interaction of an
amyloid precursor protein with an enzyme that is involved in
its processing, and on the subject of the interaction of von
Willebrand factor precursor protein with an enzyme furin that
is involved in its processing. Namely, the above method or
device for predicting protein-protein interactions permits
predicting a cleavage site when a precursor protein is cleaved
to act as a mature protein. In this way, a hitherto-unknown
enzyme having a protein-processing action related to a disease
and a protein that is cleaved by the enzyme can be obtained by

predicting protein-protein interactions.

of

a conbi nati on of proteins



For exanple, as shown in an exanple below, prediction could be
acconpl i shed on the subject of the interaction of an anyloid precursor
protein with an enzyne that is involvéd in its processing, and on the
subject of the interaction of von WIIlebrand factor precursor protein with
an enzyme furin that is involved in its processing. Nanely, the above

nmet hod or device for predicting protein-protein interactions permts
predicting a cl eavage site when a precursor protein is cleaved to act as a
mature protein. In this way, a hitEsamplesknown enzyne having a

protei n-processing action related to a disease and a protein that is

cl eaved by the &HAyanglcan bdvebtapred by femtmuiet,i ng pndt ei repssikla
interactions, 33 Exanples Although advantages, features, and possible

appl i cat i aPRlbtathenprafdite presenitonnaeatdescairbedebek bednbejovater

detail with reference to exenplary enbodi nents, the present invention is
not |inmt@seder hdetfall oty exGemdrese o exatadXa on, enabddiiruepint SW S5 PROT
version 35 was used as a protein database in the follow ng exanples, other
protei n daredeiednyenttiba 15 ketcanmated the theefiol Bxaimd extanfplgss. | Bac
illustrate oligopeptides that were deconposed fromthe first 20 residues
(Fig. |a)addivionmt edithorghVIVIFSePROEschesiahi3d waslukdd ds M fstoan he

am no termnal end, where the oligopeptides have an am no acid seqguence

| engt h ofd&taksielén the following examples, other protein databases or

the like can also be used.

Example 1

Figs. la-c illustrate oligopeptides that were decomposed
from the first 20 residues (Fig. la) of verotoxin 2 (VTII) of
Escherichia coli 0157:H7 from the amino terminal end, where the
oligopeptides have an amino acid sequence length of 5 resides
(Fig. 1lb) as an example of step 1. Fig. 1lc illustrates
oligopeptides that were decomposed from the first 20 residues
of verotoxin 2 (VTII) from the amino terminal end, where the

oligopeptides have an amino acid sequence length of 6 residues.

Example 2
In step 4 of the above method for predicting
protein-protein interactions, values are used as an index for
predicting the interaction of proteins or polypeptides. The
values are calculated from the frequency of an amino acid in
a protein or polypeptide database and the frequency of an

oligopeptide in the protein or polypeptide database. By way



(Fig. I'b) as an exanple of step 1. Fig. Ic illustrates oligopeptides that
wer e deconposed fromthe first 20 residues of verotoxin 2 (VTIlI) fromthe
am no termnal end, where the oligopeétides have an am no acid seqguence

|l ength of 6 residues. Exanple 2 In step 4 of the above nethod for
predicting protein-protein interactions, values are used as an index for
predicting the interaction of proteins or polypeptides. The values are
calculated fromthe frequency of an amino acid in a protein or polypeptide
dat abase afdexameple eduendp rdficar ardltiygofepliidepentitespist eahcotated

pol ypepti de dat abase. By way 34 of exanple, the particularity of

ol i gopept fdes thechreaneneyl of rume tdreifo eguibncin odll hef avheopactding al | of
the proteins encoded by the genone of Escherichia coli shown in Figs.

4a-b. Thenpededntagbe g¢honé cfadlscaminichda dolaishaan ibeFtgkcublatied to be
as shown in Fig. 4b fromthe frequency of occurrence (Fig. 4a) of the 20
ki nds of Tt eeredntzaden ‘Ail’ of ¢heh prmimd rescishdadédcahybé hea jenbaee df
Escherichia coli. The particularity of oligopeptide al a2a3ad4a5 is

cal cul at etiothe be HowdA2n XAy XAH XASn ther fexquphey dmotbarcasee OFig.

ol i gopeptide KCILF, it is calculated to be 4.406610 X 1.170608 X 6.004305
X 10. 639642 X1I3t89@P6Rknds bF. afheo guards tolall by e pribgepepst éneoddd LL is
calculated to be 136344.34X10', and the particularity of oligopeptide
CCCCC i sbxatleell gemeing coheEScpdxidhia coli.

The particularity of oligopeptide ala2a3a4a5 is
calculated to be A1LXA2XA3XA4XA5. For example, in the case
of oligopeptide KCILF, it is calculated to be 4.406610 X
1.170608 X 6.004305 X 10.639652 X 3.898962x107!°. The
particularity of oligopeptide LLLLL is calculated to be
136344.34X107'°, and the particularity of oligopeptide CCCCC
is calculated to be 2.20X107%°,

The smaller the value, the greater the particularity of
the oligopeptide. The oligopeptide that has the highest
particularity among those having an amino acid sequence length
of 5 residues is oligopeptide CCCCC, but this oligopeptide does
not occur in any of the proteins encoded by the genome of
Escherichia coli. 1In contrast, the oligopeptide that has the
lowest particularity is oligopeptide LLLLL.

When a protein or polypeptide (A) is decomposed into
oligopeptides in step 1, the longer the oligopeptide, the

greater the particularity of the oligopeptide.

Example 3



The smal ler the value, the greater the particularity of the oligopeptide.
The ol i gopeptide that has the highest particularity anong those having an
am no acid sequence length of 5 residfes is oligopeptide CCCCC, but this
ol i gopepti de does not occur in any of the proteins encoded by the genone
of Escherichia coli. In contrast, the oligopeptide that has the | owest
particularity is oligopeptide LLLLL. When a protein or polypeptide (A is
deconposed into oligopeptides in step 1, the | onger the oligopeptide, the
greater the parincufhept y4of ofhe tdlei gepepts denetBxahpl £08 3prédistepg4 of
the above nmethod for predicting protein-protein interactions, as an index
for predi BEPREIRhRrotaier ket vacfons otad @ dndeal fpepprddsctihg thsul t of
the local alignment is used. Here is nentioned an exanple in which scores
of the al tghaEAEtdPnachaprPikineqeenpe lypepsticle's,s et hoebultGooHhthe. |

Pattern matching of biological sequences with limted storage, Conput.
Appl . Bi osefalalignmEnt i9373edr eHased.s menttiloaeldosh exiamp laxampiesch when
the score was 25.0 or higher, it was judged that the partial am no acid

sequencess@apeealdighbd alimmerdyods) peethiednsagpenteilty Gotpal gpepthde (A)
and another protein or polypeptide (B). The "m' am no acid parti al
sequences (@@eohr efi.sedatdcera e tigniety bef wedo lagpcatleigeqrerpm sy pepthde (A)
and another protein or polypeptide (B) with their scores being Si (lci
limited storage, Comput. Appl. Biosci. 3, 17-20, 1987) are used.
In the following examples, when the score was 25.0 or higher,
it was judged that the partial amino acid sequences are aligned
(homologous) between a protein or polypeptide (A) and another
protein or polypeptide (B).

The “m” amino acid partial sequences are premised to be
aligned between a protein or polypeptide (A) and another
protein or polypeptide (B) with their scores being Si (1=i
=m) and the amino acid length of protein or polypeptide (B)
being LB. The index for predicting the interaction of protein
or polypeptide (A) with protein or polypeptide (B) calculated
from the result of local alignment is defined as the sum (Si)/LB.

It is predicted that the higher the index, the stronger the

interaction.

Example 4

Prediction of interaction of VTII with Bcl-2

Verotoxin 2 (VTII) of Escherichia coli 0157:H7 causes
food poisoning and renal damage in human beings, but the

mechanismof action is not well-known (Sandvig, K., et al., Exp.



cm) and the amno acid length of protein or polypeptide (B) being LB. The
i ndex for predicting the interaction of protein or polypeptide (A with
protein or polypeptide (B) cal culated36fromthe result of |ocal alignnent
is defined as the sum(Si) /LB. It is predicted that the higher the index,
the stronger the interaction. Exanple 4 Prediction of interaction of VTII
with Bcl-2 Verotoxin 2 (VTIl) of Escherichia coli 0157: H7 causes food
poi soni ng and renal danmage in human beings, but the nechanismof action is
not wel | -MedwBicSandlRg,228~-23%t 18P7; ,Pd&xm, J€ .VeandBladlan,4AR,. QP 232,
1997; Paton, JC., and Paton, AW Cdin. Mcrobiol. Rev. 11, 450-479, 1998)

Thi s pridierebicl a Resxi cl1,prddt0ei47.9, TAOOEN or eThhhemanopebhei ssaredaténg to
cell death serve as candidates of proteins interacting with this protein.
Thus, huneropeibn ei nthehafonay hnmenaptonetinst ied apricigeito vesrlel deatiched,
specifically for human proteins relating to cell death, in protein
dat abase SWBSaRRAAndedstes GSprandian imkanpteing wjittehhhel mroisdioni ng t hat
they actually interact with each other. Anong ol i gopeptides having an
am no aci theequenen peogelinsothsdt mesy duese mfcty eriathoxhtis2prohese detwd to be
contained in a human protein relating to cell death were the foll ow ng
four, i searched/|l CGipéci RNy EFGGNhumad NAGREinisn rBWaSIngREb ves k1 on 35
(see Fig. 6, where the human proteins are shown by using protein

death, in protein database SWISS-PROT version 35, and an

example is given below showing that they actually interact with
each other.

Among oligopeptides having an amino acid sequence length
of 5 residues of verotoxin 2, those found to be contained in
a human protein relating to cell death were the following four,
i.e., LCLLL, QRVAA, EFSGN, and NWGRI, in SWISS-PROT version 35
(see Fig. 6, where the human proteins are shown by using protein
IDs of SWISS-PROT version 35). Values of particularity for
these oligopeptides were calculated from the amino acid
frequencies in all of the proteins encoded by the genome of
Escherichia coli shown in Figs. 4a-b, i.e., the particularity
of LCLLL was 15001.03X107*°; that of QRVAA was 15584.55X107%;
that of EFSGN was 3801.65X107'°; that of NWGRI was 1479.85X
107'°, It was found that NWGRI has the highest particularity
among these four oligopeptides.

Oligopeptide NWGRI comprises a portion of verotoxin 2 and
each of three human proteins, i.e., Bcl-2, Bcl-xL, and MCL-1.
Local alignment between verotoxin 2 (VTII) and each of Bcl-2,

Bcl-xL, and MCL~1 revealed partial homology in their amino acid



| Ds of SW SS-PROT version 35). Values of particularity for these

ol i gopepti des were calculated fromthe amno acid frequencies in all of
the proteins encoded by the genone of 37Escherichia coli shown in Figs.
4a-b, i.e., the particularity of LCLLL was 15001. 03 X 10-10; that of
QRVAA was 15584. 55 X 10-10; that of EFSGN was 3801. 65X10-10; that of
NWERI was 1479.85X 10-10. It was found that NWERI has the highest
particularity anong these four oligopeptides. Oigopeptide NWGRI conprises
a porti onsSegueREd: ¢xd rshPwindn EBagh. of, t8hr eadhQuarThprot dibres sum. of, tidel - 2,

Bcl -xL, and MCL-1. Local alignnent between verotoxin 2 (VTIl) and each of
Bcl -2, Befoxes anthplodal eMdagingengava s allhicthsd byythe ltdrejth afi eaclaci d 37
sequence, as shown in Figs. 7, 8, and 9. Then, the sumof the scores of
the | ocal PubEghmene gwge dindeerdapydeheribadt hnokxamphe Py otand $lvowh ve

i ndex as described in Exanple 3, and shown below Bcl-2 (30.0+ 27.0 +
25.0) / 2B9le. 343 Bcl -xL(30.0 + 29.0 + 27.0) /233 =0.369 MCL-1 (34.0+ 30.0
+ 28.0 + 26.0) /350= 0.337 Anpong these three proteins, Bcl-2 and Bcl - xL
constitutes the sanBdlai?i I(B0.Base@d700 thebiofex eabcel at.ed3fromthe | ocal
al i gnnment by the above nethod, the prediction is that Bcl-2 and Bcl-xL
have hi gher interactiBol-with ver ¢80x0n+22andng BElop, / BeB-xL0aBdoMCL- 1.
Verotoxin 1 (VTlI) is one of the verotoxins produced by

MCL-1 (34.0 + 30.0 + 28.0 + 26.0) / 350 = 0.337

Among these three proteins, Bcl-2 and Bcl-xL constitutes
the same family. Based on the index calculated from the local
alignment by the above method, the prediction is that Bcl-2 and
Bcl-xL have higher interaction with verotoxin 2 among Bcl-2,
Bcl-xL and MCL-1.

Verotoxin 1 (VTI)'is one of the verotoxins produced by
Escherichia coli 0157:H7, and is an isoform of verotoxin 2. The
toxicity of verotoxin 1 is weaker than that of verotoxin 2, with
the former being about one fiftieth the latter (Tesh, VL., et
al., 1993, Infect. Immun. 61, 3392-3402). 1In protein database
SWISS-PROT version 35, a human protein that contains an
oligopeptide having an amino acid length of 5 residues that
comprises a portion of verotoxin 1 and is related to cell death
is P2X1_HUMAN, the oligopeptide being SSTLG. However, the
particularity of oligopeptide SSTLG, which is calculated to be
14385.63X107!° from the amino acid frequencies in all of the
proteins encoded by the genome of Escherichia coli shown in Figs.

4a-b, is lower than that of NWGRI, by about one tenth.



Escherichia coli 0157: H7, and is an isoformof verotoxin 2. The toxicity
of verotoxin 1 is weaker than that of verotoxin 2, with the former being
about one fiftieth the latter (Tesh, \8., et al., 1993, Infect. Inmun. 61,
3392-3402) . In protein database SW SS-PROT version 35, a human protein
that contains an oligopeptide having an amno acid | ength of 5 residues
that conprises a portion of verotoxin 1 and is related to cell death is
P2X1_HUMAN, the_oligopeptide being SSTLG However, the particularity of

ol i gopept i de SSTREeLMtEH N &/ che vldvepers ide NHERB5 t&3X100tHesponds he

am no acid frequencies in all of the proteins encoded by the genone of
Escheri chfa Qlgorapiiidle NWERgshaviseg bn aminowerid hangthatf 6f rédBRIes by
about one tenth. 38 In verotoxin 1, the oligopeptide NAGRL that corresponds
to ol i gopépt iVéEoNQ@RN Haviayeahsam namcichlangth of R a2sixus10i'A,
verotoxin 2 reveals a particularity of 2622.30 X 10-10, calculated from
Fi gs. 4a-B2lenddted frpmeFigran 4ehlt bhaeRIlowaBotthaBelthatand BEGRXL
contain oligopeptide NWGR having an ami no acid sequence |length of 4

resi dues Babl Bedmpr aseBcd 1dr cPohadh o Meyagiepd inlel NWGBnpav i spanbanieen t he
particularity of NWERI and that of NWERL permits prediction that both

Bcl - 2 and@Bed -s@queanseedgogthoed Stresigugswihat veompoksaes 2 pbanivht dif
verotoxin 1. In addition, the indexes obtained by the calculation fromthe
result (Frgrotoyinil .t Kempeodlscal bghween thet peehivelatrdxiyrnoflNNGRI Bed- 2 or
Bcl -xL are (27.0 + 26.0)/239 = 0.222 and 26.0/233 = 0.112, respectively
(there i stit holWiRluscarmios aufet petridomlthat both Bcl-2 and Bcl-xI,

interact more strongly with verotoxin 2 than with verotoxin 1.
In addition, the indexes obtained by the calculation from the
result (Fig. 10) of the local alignment between verotoxin 1 and
Bcl-2 or Bcl-xL are (27.0 + 26.0)/239 = 0.222 and 26.0/233 =
0.112, respectively (there is no homologous amino acid partial
sequence other than the NWGR part). Consequently, it is
predicted that the interaction of verotoxin 1 with Bcl-2 or
Bcl-xL is considerably weaker than the interaction of verotoxin

2 with Becl-2 or Bcl-xL.

Examele 5

Experimental confirmation of prediction of interaction of VTII
with Bcl-2

In Example 4, the reliability of prediction that

verotoxin 2 interacts with human Bcl-2 or Bcl-xL was predicted

to be high. Based on the result of this prediction, it was

experimentally confirmed that verotoxin 2 actually interacts

with Bcl-2 (Fig. 1la and Fig. 11b (right)). Specifically, human



sequence ot her than the NWER part) . Consequently, it is predicted that
the interaction of verotoxin 1 with Bcl-2 or Bcl-xL is considerably weaker
than the interaction of verotoxin 2 W#9th Bcl-2 or Bcl-xL. Exanple 5
Experimental confirmation of prediction of interaction of VTIlI wth Bcl-2
In Exanple 4, the reliability of prediction that verotoxin 2 interacts
with human Bcl -2 or Bcl-xL was predicted to be high. Based on the result
of this prediction, it was experinmentally confirmed that verotoxin 2

act ual | y PAPaEhetcanagint ¢e Bt HepGRF| g5 s¢niai ahby Fiog. edibe$sightthe Bcl-2
Specifically, human 39 hepatic cancer cell Hep& (essentially not

expressi ngeh@e @Bl B20 ephl) paegaBrd kelt saprdpsimer abct + 2nsgipce sgiag

Bcl - 2-expressing vector into Hep& so as to express Bcl-2, were treated
with verveoken nfw/THenG2 asel adhero cexprasmopeBe? pivate onremsed with
conventionally carried out using anti-Bcl-2 antibody (Bcl-2 1Ps) and
anti- VTl IVaretesdly Q/THVTIRS). #d. them (keftimihbpstrapésathenr esabt of
the western blotting analysis using anti-Bcl-2 anti body after

co- i munopereepiiendbly Figried sotighingidhustBal€d dmeibodpulBcbf2t he

western blotting analggés using anti-VTIl antibody. It was confirnmed from
t hese reslP$s amatartAAYTIBant2ibadynp K WeBP<)o- i nunopr eci pitated in the
B10 cells, i . e . , these two proteins interact with each other.

Mor eover, B10 d#ld.s Mer e(left) illustrates the result of the western
blotting analysis using anti-Bcl-2 antibody after
co-immunoprecipitation; Fig. 1la (right) illustrates the
result of the western blotting analysis using anti-VTII
antibody. It was confirmed from these results that a VTII/Bcl-2
complex was co-immunoprecipitated in the B10 cells, i.e., these
two proteins interact with each other. Moreover, B10 cells were
treated with verotoxin 1 (VTI) or verotoxin 2 (VTII) to examine
in which subcellular fraction these proteins were detected
using anti-VTI antibody and anti-VTII antibody. Bcl-2 in
mitochondria plays a very important role in cell death.
Verotoxin 2 (VTII) was detected also in a mitochondria fraction
(Fig. 11lb (right)).

On the other hand, verotoxin 1 was not detected in the
mitochondria fraction. Thus, it was proved experimentally that
verotoxin 1 does not have a strong interaction with

mitochondria Bcl-2. The result is shown in Fig. 11b (left).

Example 6



treated with verotoxin 1 (VTl) or verotoxin 2 (VTlIl) to examne in which
subcel lul ar fraction these proteins were detected wusing anti-VTl antibody
and anti-VTIl antibody. Bcl-2 in mtaohondria plays a very inportant role
in cell death. Verotoxin 2 (VTIl) was detected also in a mtochondria
fraction (Fig. 11b (right)). On the other hand, verotoxin 1 was not
detected in the mtochondria fraction. Thus, it was proved experinentally
that verotoxin 1 does not have a strong interaction with mtochondria
Bcl -2. The reswlig.i slkshdimsitraieg. ahi bxéiple) wvh&Exaiml ehé #4601 F Dendh
illustrates an exanple wherein the full-length am no acid sequences of
ver ot oxi naRifd/TacidasegBehe@sweife velicgmlxayed soVasIf oasdoBdlhe lweed i ons of
the partial sequences aligned in the full-length sequences. Exanple 7 The
stereo stdisplayedfsdBaeb-td showkhbenloakthondief sheuss vt tabesaguergs st er ed
in PDB, that is a protein stereo structure database. Based on the result
of the | ozhigrdd gimeriie ©fl1FHIgendth parduealcemti no aci d sequences honol ogous
to those of verotoxin 2 in the stereo structure of Bcl-xL are shown with
bold Iines in Fig. 13. Exanple 8 Verotoxin 2 is believed to cleave a part
of ribosomal RNA so as to stop protein synthesis, thereby exerting its

toxicity. Example 7

The stereo structure of Becl-xL is known, with the
structure being registered in PDB, that is a protein stereo
structure database. Based on the result of the local alignment
of Fig. 8, partial amino acid sequences homologous to those of
verotoxin 2 in the stereo structure of Bcl-xL are shown with

bold lines in Fig. 13.

Example 8

Verotoxin 2 is believed to cleave a part of ribosomal RNA
S0 as to stop protein synthesis, thereby exerting its toxicity.
The stereo structure of protein ‘ricin’ that cleaves a part of
ribosomal RNA is registered in PDB, that is a protein stereo
structure database. Based on the structure, homology modeling
of verotoxin 2 was carried out. Based on the result of the local
alignment of Fig. 8, the amino acid partial sequences
homologous to those of Bcl-xI is shown in the stereo structure

model with bold lines in Fig. 14.

Example 9

Suppression by NWGRI of cell death induction by VTII



The stereo structure of protein "ricin' that cleaves a part of ribosonal
RNA is registered in PDB, that is a protein stereo structure database.
Based on the structure, honol ogy nodel4;ng of verotoxin 2 was carried out.
Based on the result of the local alignment of Fig. 8, the amno acid
partial sequences honologous to those of Bcl-xL is shown in the stereo
structure nodel with bold lines in Fig. 14. Exanple 9 Suppression by NAGR
of cell death induction by VTIl 41 Next, it was experinentally confirned

that ol i gopept i Next NiERWalsSERbE Pitehtd) 1y v Efrm@s tﬁﬁt@l&@oﬁé?ﬁﬁ!ﬁ@ 4 and

conprises a portion of VTIl and Bcl-2, can control the intéraction of VTII

wi th Bcl - RWGRIr 63E@IDali0; IHhewhosRiwes E6uABLI OB xARS 1RXAHMELomPe 88san
extract of the Bcl-2-expressing B10 cells used in Exanple 5 and

bi oti nyl atgubMidn bff VTEL RhESBECE 0tadl ESMPEPT tR inBBdathedn ¥l ¥zed by
Far Western blotting analysis. digopeptide NAGRI interrupted the conpl ex

for mat i onwathVBt1-2 andriele- 3£ 518, dase RALFo RIS whe addihiheq, BILO
cells were pretreated with oligopeptide | at O, 10, 50, 100 g and

were treatieingi bh ¥Xtrast 3¢ the/ Belfor <2 MssiaRf B daducti9oqof,cel |
deat h by, apoptosis was assayed. A totg%ibfsgﬁgﬁﬁ 5, 000 nuc é?dmég dyed

methodh and The rat o o nocler That - Shawc- dosnrae ¢ S EIMUPTIAE S 16,

As shown andthehéhguafalghedt B89% @hrCeldes1aYSedlotting analysis.
Oligopeptide NWGRI interrupted the complex formation of VTII
and Bcl-2 in a dose dependent manner.

In addition, B10 cells were pretreated with oligopeptide

NWGRI at 0, 10, 50, 100 uM and were treated with VTII at 10
ng/ml for 24 hr, and the induction of cell death by apoptosis
was assayed. Atotal of about 5,000 nuclei was dyed with Hoechst
33342/PI (Propidium iodide) | according to the conventional
method, and the ratio of nuclei that showed apoptosis is shown
in Fig. 15. As shown in the figure, about 85% of cells caused
apoptotic cell death by the treatment with only VTII, while the
induction of apoptotic cell death was suppressed by
pretreatment with oligopeptide NWGRI in a dose dependent manner.
Thus, it was confirmed that oligopeptide NWGRI, which comprises
a portion of VTII and Bcl-2, interrupts the interaction of VTII

with Bcl-2 so as to inhibit the complex formation of these

proteins and suppresses cell death induction by VTII thereupon.

Example 10

CD4/gpl20HIV-1



apoptotic cell death by the treatnment with only VTII, while the induction
of apoptotic cell death was suppressed by pretreatnent with oligopeptide
NWGRI in a dose dependent manner. Thug, it was confirmed that oligopeptide
NWGRI, which conprises a portion of VTII and Bcl-2, interrupts the
interaction of VTIII wth Bcl-2 so as to inhibit the conplex formation of
these proteins and suppresses cell death induction by VTl | thereupon.
Exanple 10 CD4/gpl20H V-1 42 Hurman AIDS virus H V-1 infects helper T
cells. An inpofemae ALPSt wimps tBHIVnE ednifrgtshdselmst | T icelillsat pAot ei n
gpl120 on the viral surface binds to surface protein CD4 of helper T cells.
In this exappreanttfivast etap tedinfechéndi ey calfl guk2@handpEdetan be
predi cted by the above prediction method. Protein CD4 was deconposed into
ol i gopept gHé80hani hheanwiradi sardeiced dPequisnds |sangidcofpfotetn des4 and
proteins having the am no acid sequence of the oligopeptide derived from
CD4 wer ehedpéall gedéar chadthins @xamptle, nitatabaseniaed gp12@ wasdirgt ract ed
as a protein that contains oligopeptide SLMDQ (Fig. 16a) . A igopeptide
SLVWDQ exi sfsgphk amdprditdei aarChde apradhatrad byr athed nbawvSWb B84 PREToner si on

35, i . e . , the frequency in human proteins is 1 and the particularity
is very hihghhodbreover, besides this oligopeptide, a locally honol ogous
region exists (Fig. 16b) . It is known that am no acid residue arginine
(Arg) Protein CD4 was decomposed into oligopeptides having an

amino acid sequence length of 5 resides, and proteins having
the amino acid sequence of the oligopeptide derived from CD4
were serially searched in a protein database, and gpl20 was
extracted as a protein that contains oligopeptide SLWDQ (Fig.

16a). Oligopeptide SLWDQ exists only in protein CD4 as a human
protein in SWISS-PROT version 35, i.e., the frequency in human
proteins is 1 and the particularity is very high. Moreover,

besides this oligopeptide, a locally homologous region exists
(Fig. 16b). It is known that amino acid residue arginine (Arg)

next to oligopeptide SLWDQ in the N-terminal side and
67-SFLTKGP-73 play important roles when CD4 binds to gpl20
(Kwong, PD., et al., Nature, vol. 398, 648-659, 1998). It is
also known that a few amino acid residues next to the homologous
region (289-KTIIVQLNETVKINCIRPNNKT-310) shown in Fig. 16b in
the N-terminal side is one of the regions playing an important
role when CD4 is recognized by gpl120 (Kwong, PD., et al., Nature,
vol. 398, 648-659, 1998). Therefore, even if the binding
between gpl20 and CD4 is not known, it can be predicted by the

above prediction method.



next to oligopeptide SLMDQ in the N-terminal side and 67-SFLTKGP-73 play

i nportant roles when CD4 binds to gpl20 (Kwong, PD., et al., Nature, vol.
398, 648-659, 1998). It is also know#3that a few am no acid resi dues next
to the honol ogous region (289-KTI I VQNETVKI NCI RPNNKT- 310) shown in Fig.
16b in the N-termnal side is one of the regions playing an inportant

role when CD4 is recogni zed by gpl20 (Kwong, PD. , et al. , Nature, vol
398, 648-659, 1998) . Therefore, even if the binding between gpl20 and CM4
is not known, it can be predicted by the above prediction nethod. 43
Exanpl e 11 CED-4/ MAC-1 Nematode Caenorhabditis elegans is the first

mul ticellular organi smwhose enti Exagpdendli nformati on was el uci dated. One
exanpl e concerning C. elegans is described here. Protein CED-4 plays a
central role in the control of pFEyr&#ACH-Tell death. MAC-1 was found to
be a protein that binds to CED-4 and suppresses cell death (Wi et al. ,
Devel opnent, \Wsimatigi 9 Cazi@it208litik999k]leginer ef bse, bhégopEptstes t hat
conprise a portion of these two proteins were exanined so as to verify the
present imveRi¢ohluldr hougdntsre whodengnbéteegenomaC-ihn 36D was known.
As a result, it was found that MACC1 and CED-4 contain the sane

ol i gopepteHecRR\ERl hadmey exrangm e ccorams xh iseyjuéncel éeagt hi ©fdéscesheties, and
the present invention was verified. The index of this oligopeptide,

cal cul at dte¥ge omProtein CED-~4 plays a central role in the control of

programmed cell death. MAC-1 was found to be a protein that
binds to CED-4 and suppresses cell death (Wu et al. , Development,
vol. 126, 9, 2021-2031, 1999). Therefore, oligopeptides that
comprise a portion of these two proteins were examined so as
to verify the present invention, although the binding between
MAC-1 and CED-4 is known. As a result, it was found that MAC-1
and CED-4 contain the same oligopeptide FPSVE having an amino
acid sequence length of 5 residues, and the present invention
was verified. The index of this oligopeptide, calculated from
a frequency of amino acids in the genome of C. elegans, was 5.436.
Moreover, as illustrated in Fig. 17, there are many homologous
regions between these two proteins, whereby the binding of
these proteins was strongly suggested (top sequence, CED-4;

bottom sequence, MAC-1).

Example 12

APP/BASE
APP (amyloid precursor protein), which is one of the

proteins causing Alzheimer’s disease, gives rise to amyloid



a frequency of amno acids in the genone of C. elegans, was 5.436.
Moreover, as illustrated in Fig. 17, there are many honol ogous regions
bet ween these two proteins, whereby tHd binding of these proteins was
strongly suggested (top sequence, CED-4; bottom sequence, MAC-1). Exanple
12 APP/BASE APP (anyloid precursor protein), which is one of the proteins
causi ng Al zheiner's di sease, gives rise to anyloid 44 upon being cl eaved at
two sites. An enzynme (BASE, bata secretase) that cleaves the site on the
am no terwpPpRl bsiide cileavrd tab dweavalfeesi t eRmasnegnent (BASH,s clovez ed
(VASSAR et al. , Science, 286(5440), 735-741, 1999). O eavage of APP by
BASE i ndfearesaséek thradsedeeved the siftepacthermming hesmingd pideedfis. To
verify the present invention, oligopeptides that conprise a portion of
t hese t wothediwsi adeavrgeextidneds APPenhily BASE ohewed hoiAS Bgoas al.,
ol i gopepti des WYFDV and WYYEV havi ng an am no acid sequence length of 5
resi dues $hdenconp?i e & Qlor t1n- 71, d89)of Cheavafkeodl A§Bpept BAIRE WFDV
exists only in protein APP as a human protein in SWSS-PROT version 35. A
human pr otedicatesphiesp negs $WYEV fi shadntreegicstiemed £ yiete sdBawb ot dogeept | des
have high particularity. This result verified the present invention. Fig.
18 il | ustTatesrifie thegipoesehtmbhvgousobet akkbgopbptides phat ecomspstop
sequence, APP; bottom sequence, BASE). Exanple 13

a portion of these two proteins were examined. APP and BASE

have homologous oligopeptides WYFDV and WYYEV having an amino '
acid sequence length of 5 residues that comprise a portion of
each of them. The oligopeptide WYFDV exists only in protein
APP as a human protein in SWISS-PROT version 35. A human protein
comprising WYYEV is not registered yet. Both ocligopeptides have
high particularity. This result verified the present invention.
Fig. 18 illustrates the regions homologous between the two

proteins (top sequence, APP; bottom sequence, BASE).

Example 13

Furin and von Willebrand factor

Furin is an intracellular serine protease, and is related
to the secretion system pathway, such as von Willebrand factor
(VWF), albumin, and complement C3. An example of the
interaction of furin with VWF is mentioned here. VWF is cleaved
from a precursor protein by furin to act as a mature protein.
Cleavage of the VWF precursor protein by furin requires the
interaction of these two proteins. Moreover, furin per se

becomes a mature protein from a precursor protein of furin by



Furin and von WIllebrand factor Furin is an intracellular serine protease,
and is related to the secretion system pathway, such as von WI I ebrand
factor (VW), albunin, and conpl enent46C3. An exanple of the interaction
of furin with VA is nentioned here. VAW is cleaved froma precursor
protein by furin to act as a mature protein. C eavage of the VW precursor
protein by furin requires the interaction of these two proteins. Moreover,
furin per_se beconmes a mature protein froma precursor protein of furin by
45 bei ng PPeBYcEl VAR IERSCE BFoR caketedder eflhiege fiarevertiof yerhéy phesent
invention, an oligopeptide that conprises a portion of furin precursor
prot ei n aRHSYRRt pre@iEian past @l FoeRer eidsithad. comhsisas dpotdiien of
conpri si n% t he same oligopeptide HCPPG at positions 613-617 of furin
pr ecur sor - BF SR ALFCAFF o4t PHoke i gisl VIH Paerug® oaf PXAe bh a@sr spampnedei n
(Fig. 19a) . Both locations are within the regions of the mature proteins.
The ol i goé]é%t FHe PHOPRDIEoRprpEEsing pohe i amefobiypémt ide pH@BBEsoat prot ei n
and VW precursor protein as human proteins in SWSS-PROT version 35, and
has hi gh Bafttterarek3r §omtt Rerihewpetwrsef framienend avWopieLonsor
protein is cleaved by furin at the site between the 763rd am no acid
resi due ahd’ehbl&GathVHRi preeceisor egichedn (Edgal1%d) gnBenh betaeson$urin
precursor protein and VW precursor protein reveals that the region near
the site ®FCWAEhiprEhqirsgiopsnrfeithediaiavesl pypteinisn Fas al peopéptidegi on
honol ogous_to furin precursor protein (Fig. 19b) . Thus, even

PPG comprises a portion of only furin precursor protein and

VWF precursor protein as human proteins in SWISS-PROT version
35, and has high particularity from the viewpoint of frequency.
VWE precursor protein is cleaved by furin at the site between
the 763rd amino acid residue and the 764th amino acid residue.
Local alignment between furin precursor protein and VWF
precursor protein reveals that the region near the site of VWF
precursor protein cleaved by furin has a partial region
homologous to furin precursor protein (Fig. 19b). Thus, even
if a novel protein was presumed to be a protease by the motif
of the active part, and a counterpart protein as well as the
cleavage site in the counter protein was not known, the present
invention permits predicting the counterpart protein, as well

as the cleavage site in the counter protein.

Example 14

APP and PC7
APP alpha is a peptide formed by cleavage of amyloid

precursor protein (APP) at a site different from the two



if a novel protein was presuned to be a protease by the notif of the
active part, and a counterpart protein as well as the cleavage site in the
counter protein was not known, the pretent invention permts predicting
the counterpart protein, as well as the cleavage site in the counter
protein. Exanple 14 APP and PC7 APP al pha is a peptide fornmed by cl eavage
of anmyloid precursor protein (APP) at a site different fromthe two 46

cl eavage sites to formanyloid. It was recently found that PC7 (proprotein
convert as€leapageisitykéni forypmyioiid |y olasedecant ty efoayge that PO7m ng
APP al pha (Lopez-Perez E et al., J. Neurochem, vol. 73, 5, 2056-2062,
1999) . ExARFABEPBALBICAVErt@segspbplldeinhbextomypesds bs povioiloredoint he two
proteins APP and PC7 reveal ed that APP and PC7 have honol ogous

ol i gopept F483VagsDESEG HrmBSROPNEP Pawilphaan Iariare Bxoiak seqeencel J,endth of 6
resi dues that conprise a portion of both of them The oligopeptide DSDPSG
exi sts onN§urachemt eivPJAPF 3as5a RORMGN20H2 ot 9 I0) n SWERSNBRIBrnverfstiba 35. A
human protein conprising DSDPNG is not registered yet. Both oligopeptides
have veryohigbpreptidée ciliaty icopprilsies resottioerdf itded the presemnhsi APENt I oON.
Fig. 20 illustrates regi ons honol ogous between the two proteins. Between K
and L of &8F-BANFEReD/ES- BT BPPARPR PA7Hiave BOmoileogbhe ¢l sgopget Si¢e to

form APP al pha, and Fig. 20 illustrates
DSDPSG and DSDPNG having an amino acid sequence length of 6

residues that comprise a portion of both of them. The
oligopeptide DSDPSG exists only in protein APP as a human
protein in SWISS-PROT version 35. A human protein comprising
DSDPNG is not registered yet. Both oligopeptides have very high
partiéularity. This result verified the present invention.
Fig. 20 illustrates regions homologous between the two
proteins.

Between K and L of 687-KLVFFAEDVGS-697 of APP in Fig. 20
is the cleavage site to form APP alpha, and Fig. 20 illustrates
that a partial sequence (359-RMPFYAEECAS-369) homologous to
this exists in PC7. Namely, this example shows that the present
invention permits predicting a protein involved in cleaving

another protein.

INDUSTRIAL APPLICBILITY

As described above in detail, the present invention
permits predicting, by using a protein database, a counterpart
protein that interacts with a protein having an unknown

function that is obtained by genome analysis or cDNA analysis



that a partial sequence (359- RVWPFYAEECAS- 369) honol ogous to this exists in
PC7. Nanely, this exanple shows that the present invention permts
predi.cting a protein involved in clea#i’lng another protein. |NDUSTRI AL
APPLI CBI LI TY As descri bed above in detail, the present invention permts
predicting, by using a protein database, a counterpart protein that
interacts with a protein having an unknown function that is obtained by
genone anal ysis or cDNA anal ysis 47 or a protein having a known function.
Nanely, tRE  Pr oPEPHEPR ot RA LRSIt €t ackin | nfgmet beyani sriaebe: geblrre
information was el uci dated can be predicted on a conputer using a protein
dat abase PESESLBTPHeFORR dndleyscsiand EDNANgnad YRl sE hathosgy egdrene
recently enhanced, If the prediction on a conputer becones possible,

i nf or mat | A LERREEPR WG Spebieidated kan hemx gshicdiad ed a eomptiseacesiigh each
ot her based on the prediction on a conputer can be easily obtained w thout
adopt i ng & REAELR atagse hAsedi on taRNGNs @ ldsiendsdoaDBAcONALY$1rary
used, such as the two-hybrid nethod. The prediction becane possible, so
that it betdheBapesbeBne regeaidvl enheadiest- the sbqueredistiam ol gopepti de
involved in the interaction, and to design a novel conpound capabl e of
control | i FRP % ePACHPDE ePASERPERacindRsMBidon cronderninforpmeioins The
present invention makes elucidating protein-protein interactions

ef fi ci entthathd'eih mediicdad) tet iintesdcitnwishi eash other based on the

prediction on a computer can be easily obtained without
adopting a risky technique wherein the result depends on a cDNA
library used, such as the two-hybrid method. The prediction
became possible, so that it becomes possible to easily predict
the sequence of an oligopeptide involved in the interaction,
and to design a novel compound capable of controlling
protein-protein interactions based on the information. The
present invention makes elucidating protein-protein
interactions efficient, and can be widely utilized in various
fields including biochemistry, molecular biology,
pharmaceutical development, agriculture, and biotechnology.
Especially, in the development of pharmaceuticals, the present
invention permits predicting the mechanism of disease that has
not so far been known, and gives a possibility of creating novel

pharmaceuticals.



fields including biochem stry, nolecul ar biology, pharmaceutical
devel opnent, agriculture, and biotechnol ogy. Especially, in the
devel opnent of pharmaceuticals, the prM8sent invention permts predicting
t he nechani sm of di sease that has not so far been known, and gives a
possibility of creating novel pharmaceuticals. 48 What is clainmed is: 1. A
nmet hod for predicting a protein or polypeptide (B) that interacts with a
specific protein or polypeptide (A), wherein the nmethod is characterized
by corrpri‘ghﬁb:li)chéé@%o%$hg the am no acid sequence of protein or
pol ypeptide (A) into a series of oligopeptides having a pre-determ ned
| engt h aslséqueiréed #rsr paeddéatiny seprehehy, owi PhlyvpeptadabéBe thaprotein
or polypeptide am no acid sequences, for a protein or polypeptide (C
conpri si ng aAt&HATE Sacv HtR eguetieecibic eaclktedmberr opotllypepsddees (BY, for a
protein or polypeptide (D) conprising an am no acid sequence honol ogous to
an am no acvw@ieseduende fethodadls rbabvertefrizied bar cempridpiogrryi ng out
| ocal am no acid sequence alignnent between said protein or polypeptide
(A and the ldetdecenppsbrei ther apbhypeptidleseé@enredeatecpedtpiot edn or
pol ypeptide (D); and 4) predicting whether the detected protein or
pol ypept i dePol@pertdder @rotisite ;@ perypepbifde (iQopeptd desotleivirgy a
pol ypeptide (B) that interacts with the protein or

pre-determined length as sequence information;

2) searching, within a database of protein or polypeptide
amino acid sequences, for a protein or polypeptide (C)
comprising an amino acid sequence for each member of the
series or for a protein or polypeptide (D) comprising an
amino acid sequence homologous to an amino acid sequence for
each member of the series;
3) carrying out local amino acid sequence alignment between
said protein or polypeptide (A) and the detected protein or
polypeptide (C) or detected protein or polypeptide (D); and
4) predicting whether the detected protein or polypeptide
(C) and/or protein or polypeptide (D) is a protein or
polypeptide .(B) that interacts with the protein or
polypeptide (A) based on the results of the local amino acid
sequence alignment and a value calculated from a frequency
of amino acids and/or a frequency of said oligopeptides in
said amino acid sequence database.

2. The method according to claim 1, wherein the oligopeptide

is 4-15 amino acids in length.



pol ypeptide (A) based on the results of the local am no acid sequence
alignnent and a value calculated froma frequency of am no acids and/or a
frequency of said oligopeptides in sai9d am no acid sequence dat abase. 2.
The net hod according to claim1, wherein the oligopeptide is 4-15 am no
acids in length. 49 3. A recording nediumcarrying a programto predict a
protein or polypeptide (B) that interacts with a specific protein or
pol ypeptide (A), wherein the recording mediumis characterized by
conpri si ng- & rb@@wlnlgemédhumv\u:angryreraglsa podyam o areddos foproueimting
am no acid sequence information of the protein or polypeptide (A and
stori ng t he dampodiypeipdide HB)atheansnferadesowpbbi agspaciifiafpraveiovn into
a series of oligopeptides having a pre-determ ned | ength as sequence
i nf or mat i onocrangodymeatddeor (B} priwigetdien sedueencecordfiagmamedbunonsequent |y
obtained; c) a neans for storing an input protein database; d) a neans for
accessi ng t lvdageoted igesct dyn aatpelissecarad ldstscting foploteg means
pol ypeptide (C) having an amino acid sequence of said oligopeptide or a
protein or polfpeptide (D) having an ami no aci d sequence honol ogous to the
am no acid sequence of said oligopeptide, and a neans for storing and
cal cul ati ngaa detenedarsubuttéehgaamemosadiot seaueyiceginfbriacabnadf gnnent
bet ween sai d

the protein or polypeptide (A) and storing the information;

b) a means for decomposing said information into a series

of oligopeptides having a pre-determined length as sequence

information, and a means for storing the sequence

information consequently obtained;

c) a means for storing an input protein database;

d) a means for accessing the stored protein database and

detecting a protein or polypeptide (C) having an amino acid

sequence of said oligopeptide or a protein or polypeptide

(D) having an amino acid sequence homologous to the amino

acid sequence of said oligopeptide, and a means for storing

and calculating a detected result;

e) a means for carrying out local alignment between said

protein or polypeptide (A) and the detected protein or

polypeptide (C) or protein or polypeptide (D), and a means

for storing and calculating a result; and

f) a means for obtaining a resultant value of a frequency

of an amino acid and/or a frequency of said oligopeptide from

a protein database, followed by showing an index for

predicting protein-protein interactions from the resultant



protein or polypeptide (A) and the detected protein or polypeptide (C or
protein or polypeptide (D), and a neans for storing and calculating a
result; and f) a means for obtaining &resultant value of a frequency of
an amino acid and/or a frequency of said oligopeptide from a protein

dat abase, followed by showi ng an index for predicting protein-protein
interactions fromthe resultant 50 value and a resultant value of said

| ocal alignnent, and a neans for storing and displaying the result and
consequent | Yal4st aBfli agroyetieant oralpst plepeildeleBR1vhALaninanss agnd &t h

the protein or polypeptide (A). 4. A recording nmediumcharacterized by
conpri si ng EaNEaEer shering dodidigrisariad hhaduisildnand coresepaerst ke cor di ng
to claim 3: g) a nmeans for ranking strength of protein-protein
interactiongegﬁﬁﬁgngepéét@énpﬁétE@hsp©ptp@¢yp©ptwmiﬁh(Enteb@s@@ with he

i ndexes calculated froma resultant value of |ocal alignnment and a

resul tant v&hgepsptainr egupndypeptade &h)no acid and/or a frequency of an
ol i gopeptide in a protein database in the case that nore than one protein
or pol ypephi seceB)irximsditimatrharscteréeeddyy arminpe irians aftoteast ortheng and
di splaying the result. 5. A recording nediumcharacterized by conprising at
| east the folilowing meams imaddditioonto chshaemanscaocdidignotalaimi m 3

or 4:
3:

g) a means for ranking strength of protein-protein
interactions among detected proteins or polypeptides (B)
based on the indexes calculated from a resultant value of
local alignment and a resultant value of a frequency of an
amino acid and/or a frequency of an oligopeptide in a protein
database in the case that more than one protein or
polypeptide (B) exist that are detected, and a means for
storing and displaying the result.

5. A recording medium characterized by comprising at least the
following means in addition to the means according to claim
3 or 4:

h) ameans for displaying full-length of amino acid sequences
of said protein or polypeptide (A) and said protein or
polypeptide (B) that is detected, followed by indicating a
location of partial sequence to be aligned in the full-length
sequence in the case that amino acid partial sequences are
aligned by local alignment between the protein or

polypeptide (A) and the protein or polypeptide (B).



h) a neans for displaying full-length of am no acid sequences of said
protein or polypeptide (A) and said protein or polypeptide (B) that is
detected, followed by indicating a |d&dation of partial sequence to be
aligned in the full-length sequence in the case that am no acid parti al
sequences are aligned by local alignnent between the protein or

pol ypeptide (A and the protein or polypeptide (B). 51 6. A recording

medi um characterized by conprising at |east the follow ng neans in

addi ti on Po%t RECREAHBY QBN §ate ctleailmedBby Lrp i sing atndeastf ohe
calculating a stereo structure nodel in the case that a stereo structure
of said protféildowingongaeptin@ddisyoor teathe mesnd acoonddingpept ceifB) t hat
is detected is known or in the case that honol ogy nodeling enables to nake
a stereo stPuctiuP& fvdel, foll owed by displaying the structure of the

am no acid partial sequences that are aligned by |ocal alignnent between

t he proteinidra peaypefrt daA)latricha ke speskesi stoncpokppeptiedeigBihen t he
stereo structure. 7. A recording medi um characterized by conprising at

| east the faBkrothal arsdeseonsaddctiion ¢ tahiel pratsiacoorpd hgpept tdai m 3,
4, 5 or 6: j) a means of classifying and storing proteins in a protein

dat abase to (Aar Powsald earate iy car e@ly®epAidecdBdi hjatreds udetbatadt si zed by

conprising at |east the
known or in the case that homology modeling enables to make

a stereo structure model, followed by displaying the
structure of the amino acid partial sequences that are
aligned by 1local alignment between the protein or
polypeptide (A) and the protein or polypeptide (B) on the
stereo structure.

7. A recording medium characterized by comprising at least the
following means in addition to the means according to claim
3, 4, 5 or 6:
j) a means of classifying and storing proteins in a protein
database to narrow a searching area.

8. A recording medium characterized by comprising at least the
following means in addition to the means according to claim
3, 4, 5, 6 or 7:
k) a means for serially inputting each protein in a protein
database as said protein or polypeptide (A).

9. A recording medium characterized by comprising at least the
following means in addition to the means accordiné to claim
3, 4, 5, 6, 7 or 8:

1) a means for storing a genome database.



following neans in addition to the neans according to claim 3, 4, 5, 6 or
7: k) a neans for serially inputting each protein in a protein database as
said protein or polypeptide (A). 9. Asgecordi ng nedium characterized by
conprising at least the following neans in addition to the neans accordi ng
toclaim 3, 4, 5 6, 7 or 8 1) a neans for storing a genone database. 52
10. A device for predicting protein-protein interactions which conprises
the neans that are carried by the recording nediumaccording to claim 3,
4, 5, 6, IQ. 8, Pordévidd. férnprhddctongspeoitiinrg rptetiel nisntosr oot grept | des
that interact. wth each other, which conprises identifying a protein or
pol ypept i dewhBrht bapt 5s@s ediec mednsothat exactcanirtiled Byspieei fécofdiriei n or
pol ypeptide (A) using the method according to claiml1l or 2, and then
experi nment amedicmnbceordgngt he piesende of Hhee6j nveragctbenobet ween t he
protein or polypeptide (A) and the protein or polypeptide (B). 12. A
met hod farl sped ety dprioireispe: odrf yiolgy papitiedes tdmtpoliyegtaicie M timteach
ot her, which conprises identifying a protein orpolypeptide (B) that is
pr edi cted tontarecactiwht kach speaf i cwipt el ecompripekypeRnitde iAg wsi ng the
device according to claim 10, and then experinentally confirmng the
presence of prheeintear polypapbitaed@) thetpropeediotedpa ypeprhde widh and t he
protein or polypeptide (B).

a specific protein or polypeptide (A) using the method

according to claim 1l or 2, and then experimentally confirming
the presence of the interaction between the protein or
polypeptide (A) and the protein or polypeptide (B).

12. A method for specifying proteins or polypeptides that
interact with each other, which comprises identifying a
protein or polypeptide (B) that is predicted to interact with
a specific protein or polypeptide (A) using the device
according to claim 10, and then experimentally confirming
the presence of the interaction between the protein or
polypeptide (A) and the protein or polypeptide (B).

13. A protein or polypeptide that is specified by the method
according to claim 11 or 12.

14. A method of screening for a compound that controls the
interaction of a specific protein or polypeptide (A) with
a protein or polypeptide (B), wherein the method utilizes
the method according to claim 1 or 2.

15. A method of screening for a compound that controls the

interaction of a specific protein or polypeptide (A) with



13. A protein or polypeptide that is specified by the nethod according to
claim1l or 12. 14. A nethod of screening for a conpound that controls the
interaction of a specific protein or @3 ypeptide (A) with a protein or

pol ypeptide (B), wherein the nethod utilizes the nmethod according to claim
1 or 2. 15. A nethod of screening for a conpound that controls the
interaction of a specific protein or polypeptide (A) with 53 a protein or
pol ypeptide (B), wherein the nethod uses the device according to claim10.
16. A novel aqgruowic eht poigpepy itee (8¢, eqhenginethedmeanedar dsBg thecl ai m
14 or 15. 17. A novel conpound capable of controlling the interaction of a
speci fic praeiiceraquaindieypt ite (LA)imMltoh a protein or polypeptide (B) ,

whi ch is obtained by drug design based on information of a conpound

obt ai ned bg.theAsaeesli ngonpdhed aeordEdgbio thai Bckéedinkd. mdBhodn

ol i gopepti de conprising the am no acid sequence of SEQ ID No: 1, which is
capabl e of carddrlinighgd ke dint asaetd @, of verotoxin 2 (VTIIl) wth Bcl-2.
19. An agent against cell death conprising an oligopeptide conprising the

ani no aci g7sequenegradf cSRQoLRdANEpdb120 £ AdrRlHcdaneRt tHe £APBFhSLNEnan

am no aci d sequence honologous to the am no acid sequence of SEQ ID No: 1,

which is capahll epeticontpobténg dhepd Nri@ctdon 20f WEH awbkBtBeh- 8r
polypeptide (B), which is obtained by drug design based on
information of a compound obtained by the screening method
according to claim 14 or 15.

18. An oligopeptide comprising the amino acid sequence of SEQ
ID No: 1, which is capable of controlling the interaction
of verotoxin 2 (VTII) with Bcl-2.

19. An agent against cell death comprising an oligopeptide
comprising the amino acid sequence of SEQ ID NO: 1.

20. An oligopeptide comprising an amino acid sequence
homologous to the amino acid sequence of SEQ ID No: 1, which
is capable of controlling the interaction of VI'II with Bcl-2.

21. A polypeptide comprising the amino acid sequence of the
oligopeptide according to claim 18 or 20, which is capable
of controlling the interaction of VTII with Bcl-2.

22. A method of screening for a compound capable of
controlling the interaction of VTII with Bcl-2, wherein the
method utilizes the oligopeptide according to claim 18 or
20 and/or the polypeptide according to claim 21.

23. A method for determining the nucleotide sequence of an

oligonucleotide coding an oligopeptide which is involved in



21. A pol ypeptide conprising the am no acid sequence of the oligopeptide
according to claim 18 or 20, which is capable of controlling the
interaction of VTII with Bcl-2. 22. A5fethod of screening for a conpound
capable of <controlling the interaction of VTIlI with Bcl-2, wherein the

met hod utilizes the oligopeptide according to claim 18 or 20 and/or the
pol ypeptide according to claim?21. 23. A nethod for determ ning the

nucl eoti de sequence of an oligonucl eotide coding an oligopeptide which is
i nvol ved i n % inkterackiancifon splecd fSpeprdteiprat pdhypeppbiiy pdpt wileh( A)
with a protein or polypeptide (B), wherein the nmethod uses the prediction
met hod accordib¥ptedrcloa polyper2ide t(Bé,pwbdiretihohhedmetbedausesdihg to
claim10. 24. A series of conbinations of human proteins that are

predi cted t Prastiatden nethodastcondier, tobtlaimed duy 2t de tinet poediationdi ng to
claim1 or 2 or the device according to claim 10. 25. A nmethod for

sel ecting a dsoitsien&cdconrddngprtot eilasmMiioch i nteract with each ot her

wherein said interaction is related to a disease, wherein the nethod
conpri ses24el eck i agriehe ofomuimisiriadni dnss eolf ohuhmbhe iprfodverimisi arhaf ar&nown
protein that can be related to the disease fromthe series of

conbi nat i onpracieteidnte tiotelraicn 24th 2achfosiee i g obdfa inenbb pathicomst hbd
proteins which interact with each other, wherein said interaction is

rel ated to acdiogedag, to claim 1 or 2 or the device according to claim

10.

25, A method for selecting a combination of proteins which
interact with each other, wherein said interaction is
related to a disease, wherein the method comprises selecting
the combination based on the information of a known protein
that can be related to the disease from the series of
combinations according to claim 24.

26. A series of combinations of proteins which interact with
each other, wherein said interaction is related to a disease,
wherein each member of said series is selected according to
the method of claim 25.

27. A method of screening for a compound which controls the
interaction of a combination of proteins and/or two proteins
selected from the series of combinations according to claim
26.

28. A compound obtained by the method according to claim 27.

29. A method for predicting a processing site of a protein
comprising predicting the interaction of a specific protein

with an enzyme cleaving said protein using the method



wherein each nenber of said series is selected according to the method of
claim25. 27. A nethod of screening for a conpound which controls the
interaction of a conbination of protebds and/or two proteins selected from
the series of conmbinations according to claim 26. 28. A conpound obtai ned
by the nmethod according to claim27. 29. A nethod for predicting a
processing site of a protein conprising predicting the interaction of a
specific protein wth an enzyne cl eaving said protein using the nethod 55
accordi ng t 8cepading bp Qlaimtheondviocethecdeding aocerding 109.c3im A

pol ypeptide conprising an am no acid sequence that is predicted to contain
a protein-plfces sing site obtained by the method according to claim 29

and/or to contain a partial sequence honol ogous to the processing site.
30. A polypeptide comprising an amino acid sequence that is

predicted to contain a protein-processing site obtained by
the method according to claim 29 and/or to contain a partial

sequence homologous to the processing site.




