DESCRI PTI ON A METHOD AND A SYSTEM FOR PREDI CTlI NG PROTEI N FUNCTI ONAL

SI TE, A METHOD FOR MODI FYI NG PROTEI N FUNCTI ON, 5

AND A FUNCTI ON- MODI FI ED PROTEI N TECHNI CAL
FlI ELD The present inventionlrelates to a nethod for predicting
a functional site of a protein, a systemfor predicting the 10 function
thereof, and a nethod for nodifying the function of apr ot ei nanda
function-nodifiedprotein. More specifically, the present invention

relates to prediction of a functbggahIPTI S|te of a protein with no

I nformati on on function obtai ned genone anal ysis or cDNA anal ysi s,
and prediction of a novel 15 functlon or a novel functional site of a
protein with a known function. The present invention further ralates
to predict ofein tq be modified for gErOV|ng t he

r
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on the prediction. CKGROUND ART

Fol | owi ng t he pro@r é@sﬂ@[’ I MO ING SPWWCTIO%naI ysis  of

vari ous or gani smns i ncludin atho eni c m croorgani sms, the nunber
of ndvel genes whose fﬁﬂ@tﬁoﬁ?gﬁFEONZH BARABRNPROTEAN dl y i ncreasi ng,

together with the nunber of

TECHNICAL FIELD
The present invention relates to a method for predicting
a functional site of a protein, a system for predicting the
10 function thereocf, and a method for modifying the function of
aproteinand a function-modified protein. More specifically,
the present invention relates to prediction of a functional
site of a protein with no information on function obtained by
genome analysis or cDNA analysis, and prediction of a novel
15 function or a novel functional site of a protein with a known
function. The present invention further r:'alates to prediction
of a site on a protein to be modified for improving the function
of the protein, and a protein with a modified function based
on the prediction.
20
BACKGROUND ART
Following the progress of genome analysis and cDNA
analysis of wvarious organisms including pathogenic
microorganisms, the nmqber of novel genes whose functions are

25 unknown is rapidly increasing, together with the number of



2

protei ns encoded by the genes. So far, the analysis of the

nucl eoti de sequence of the whol e genone of a m croorgani sm for

exanpl e

Mycopl asma genitalium (Fraser et al., Science 270, 397-403,

1995), Haenophilus influenzae (Fl ei schyran et al ., 5 Science 269,
1995), and Met hanococcus jannaschi i (Bultetal ., Science273,
1058- 1073, 1996), hasbeen conpl et ed, so that nunerous novel proteins
predicted fromthe genone sequence have been discovered. For humans
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nction is discovered, whether or not these proteins are worth
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or not a protein encoded by a gene el ucidated by genone

ed conventionally by searching the
so that numerous novel proteins predicted from the genome

sequence have been discovered. For humans and mice, the cDNA
analysis is under way in combination with the genome analysis,
which brings about the discovery of a great number of novel

proteins.

In such circumstance, prediction of function of a protein
with no information on function or a functional site has been
a significant issue. If not only a novel protein but also a
novel function or a novel functional site of a protein with
a known function is discovered, whether or not these proteins.
are worth industrial or clinical application is possibly
determined. Furthermore, such prediction of function
possibly enables to prepare a modified protein with a further

improved function.

Whether or not a protein encoded by a gene elucidated by
genome analysis or c¢DNA analysis is novel or has a known

function has been determined conventionally by searching the



3 honol ogy through protein databases such as Swi ss-Prot. So as

to predict a functional site, additionally, functionally | denti cal
proteins derived fromvarious organi sns are extracted froma protein
dat abase and are then subjected to 5 alignment, to identify a region
conserved in comon to them and predict the conserved region as a
functional site. However, di sadvantageously, such alignnent

nmet hod cannot be used if a protein obtained by genonme anal ysis or cDNA
10 analysis is an absolutely novel protein. Even if the protein was
honol ogoudARAIPFRAGRF P Bresein daprbrees tirhipssEvWiskeProt. c¥ass ved
regi on occupi es nost of the am no acid sequence of the protein in case
that the protpradisthéhofvgobional prsdttei,nsadditidealivd fAunatdarsdly

rel ated organisns, so that it is 15 inpossible to predict the functional
site. As tigemodidalatpmoteins ddempirwdi rErgenaraatigys t herdamicdmson a0fe a
protein is potentially deteriorated irrespective of the fact that the
function iextractddaiwomra Usikaiosin alxoeabidse conrs efve tHayi aibjsctadlidd ed,
even if the functional site is predicted by alignnment. Accordingly,

20 t hesamglg-drtheh t £Stdl Uitsetd S§ 0 Fdifi S0 RS seafrd® 0i  edhioh ko thenbe
nodified to inprove the function. In other words, it is required to

find a nowld fpredi OPathSi E6ns8r688 NrEgLbRI Bst @ functhenandihirad. Usi ng
the conventional alignnment nethod, di sadvant ageously, a novel
functional site cannot be 25 discovered or which am no-acid residue should
be nodified
' However, disadvantageously, such alignment method cannot
be used if a protein obtained by genome analysis or cDNA
10 analysi§ is an absolutely novel protein. Even if the protein
| was homologous with known proteins in a protein database, the
conserved region occupies most of the amino acid sequence of
the protein in case that the protein is homologous to proteins
derived from closely related organisms, so that it is
15 impossible to predict the functional site. As tomodification
of protein, generally, the function of a protein is potentially
deteriorated irrespective of the fact that the function is
known or unknown once the conserved region is modified, even
if the functional site is predicted by alignment. Accordingly,
20 the amino-acid residues outside the conserved region should
be modified to improve the funcfion. In other words, it is
required to find a novel functional site in such protein to
be modified. Using the conventional alignment method,

disadvantageously, a novel functional site cannot be

25 discovered or which amino-acid residue should be modified



4 cannot be predicted. Taki ng account of such

ci rcunst ance, the present I nvention has been carried out. It is an

obj ect of the present 5 invention to provide a novel nethod for

predi cting a functional site of a protein with no information on
functi on obtained by genone anal ysis or cDNA anal ysi s. It is
anot her object of the present invention to provide a systemfor
predicting function of a protein. 10 Furthernore, it is an object of
the present invention to. provide a nmethod for predicting a novel

f unct i onal cannet opegprediceditein with an unknown function or with a known
function and subjecting the functional site to mutation to prepare a
nodi fied protein. 15 Still furthernore, it is an object of the

pr esent i nvention to provide a protein with a function nodified by the
nmet hod descri beflakbnge. account of such circumst&h&EL OStRE GhréddAITI ON
20 - A first invention of the present application is a nmethod for
predi cti ngimvénbibhdized beiehccatriedranitei nIders wedobfadtid® the pr&sénte

put ati ve proteins of an organism"a" of which genone data or cDNA data
i s known, MN-&ehtiBhtslipeoimtiesefoi/be mdisd for prddicbng@lFfuneelénhat i ng

the frequency of occurrence of each am no acid
site of a protein with no information on function obtained by
genome analysis or cDNA analysis.
It is another object of the present invention to provide
a system for predicting function of a protein.

10 Furthermore, it is an object of the present invention to
provide a method for predicting a novel functional site of a
protein with an unknown function or with a known function and
subjecting the functional site to mutation to prepare a
modified protein.

15 Still furthermore, it is an object of the present

invention to provide a protein with a function modified by the

method described above.

DISCLOSURE OF INVENTION
20 A first invention of the present application is a method
for predicting a functional site of a protein derived from the
entire putative proteins of an organism “a” of which genome
data or cDNA data is known, which method comprises the steps
of:

25 (1) calculating the frequency of occurrence of each amino acid



and the frequency of occurrence of individual oligopeptides pr oduced

by permutations of twenty am no acids in the am no aci d sequences of
the entire proteins of the organism"a", and determ ning the small est
| ength (n) of oligopeptides 5 satisfyging the following criteria;

anong ol i gopeptides of length (n), the nunber of ol i gopepti des
whi ch occur once in the entire proteins Is smaller than the
nunber of ol igopeptides which occur twice in the entire

pr ot ei ns; n 10 I go {ides f. 1 enat n+1. t he. nunber  of
ol i gopeptal”(‘]‘:(i;\”s@1 v%i%ﬂe%%%ﬁ?yo%%eg?‘%)l?{)ﬂ%n%%t?‘?e”bcrﬁo eiﬂ%\%ﬁ °Hg°pep€}%e7 ar ger

t han the nunber of oligopeptides whic .__occur twice in the entire
br of i ne, Prodsced sy RAPRRPRELRGsIGE  Reeaky wuipp oeins b Fhe BhimR: om

"a", 15 the frequency of occurrence of the fallow ng A -oligopeptide

of | engt PEH+BEIURI S Ehes1tige Protadintoohicihe seggsicd "a”, #1d| ength
(L) of the protein as a subject for predicting a - functional site and
cont ai ns ¥teFTHRIRgi dthesi §ielApstn+iength [ )] [*F r QL igorePEides -t h
position fromthe N-term nus of the amno 20 acid sequence of the
pr ot ePn; SatleYlngAFhQI fgéé@mmeecrafcemla;. A i ....a]na (nt+tl)
(wherein, 1l[err]i[err]n+l; Al=Ali; and Aj is the i- th residue of
t he ol i gopeptiampng oligepeprddkdes aif nkength hénknt the puskemsoHf t he
organism"a",
oligopeptides which occur once in the entire proteins
is smaller than the number of oligopeptides which
occur twice 1in the entire proteins; among
10 oligopeptides of 1length (n+l), the number of
oligopeptides which occur once in the entire proteins
is larger than the number of oligopeptides which
occur twice in the entire proteins,
{2) calculating in the entire proteins of the organism “a”,
15 +the frequency of occurrence of the following Aj-oligopeptide
of length (n+l1l), which is a part of the amino acid sequence
of length (L) of the protein as a subject for predicting a
functional site and contains an amino-acid residue A]j (n+l
=<3j=L-1) at the j-th position from the N-terminus of the amino
20 acid sequence of the protein;
Aj-oligopeptide: ajlaj2....Aji....ajnaj(nt+l)
(wherein, 15i=n+l; Aj=Aji; and Aj is the i-
th residue of the oligopeptide),

and 'calculating in the entire proteins of the organism “a”,

25 the frequency of occurrence of the following Xi-oligopeptide



25 the frequency of occurrence of the follow ng X -oligopeptide

6 of length (n+l); Xi - ol i gopepti de:
ajlaj2....Xi....ajnaj(n+l) (wherein, the i-th residue Xi is any
am no acid), 5 (3) calculating ratio Yji of the frequency of
occurrence of the A -oligopeptide to that of the X -oligopeptide,

(4) calculating nean Y] of the Yji; n+1 Yj = [err]
Yji/(n+l), 10 i=1 (5) calculating functional value Zj of Yj;
Zj = f1(Y] erein, function f is a nonotonously decreasing

function %F %eﬂgﬁ ténoé@ 'y increasing function), 15 and defining the Z

val ue as a reppesentative v Iqe af, _t. funct. on tthe j-th am no-acid
residue Aj of %ﬁe° nefREe E&ﬂ% E?é%uenc& Tof -8 4fJ and (6)
repeating the steps equentlall and deternlnlng the Zzj

val ue of each Af SFeé e t a%1§% E%?Hdu?o 1r &S R8BS PLERe positions

bet ween n+1[err]j[err]L ninthe amno acid sequence of length (L),

t her eby predlcFFhé the degree of the i nvol venent of each am no-acid
residue in the function of the protein by using the dinension of the

Zj valfue 43) ancehgndatang ratig Y¥ji of fhe frequency of occurrence of

secondi nventi oni sanet hodf or predi ctinga functional
the Aj-oligopeptide to that of the Xi-oligopeptide,

(4) calculating mean Yj of the Yji;
n+1l
Yj =X Yji/(n+l),
10 i=1

(5) calculating functional value Zj of Yj;
23 = £(Y3)
(wherein, function f is a monotonously decreasing
function or a monotonously increasing function),

15 and defining the Zj value as a representative value of the
function of the j-th amino-acid residue Aj of the amino acid
sequence of length (L), and
(6) repeating the steps (2) to (5) sequentially and
determining the 2Zj value of each Aj of all the amino-acid

20 residues at the positions between n+1=<=3j=L-nin the amino acid
sequence of length (L), thereby predicting the degree of the
involvement of each amino-acid residue in the function of the

protein by using the dimension of the Zj value as an indicator.

25 . A second invention is a method for predicting a functional

site of a protein derived from the entire putative proteins



site of a protein derived fromthe entire putative proteins

7 of an organism"a" of which genone data or cDNA data is known,

whi ch net hod conprises the steps of: (1) calculating the frequency of
occurrence of each am no acid and, t he frequency of occurrence of

I ndi vi dual ol i gopeptides 5 produced by pernutations of twenty am no acids
I n the am no aci d sequences of the entire proteins of the organi sm
"a", (2) as to a protein of the organism"a", (2'") calculating in
the entire proteins of the organism"a", t he frequency of occurrence
of the f&f 8w AFIARisM YRR Mhd chigengme qlateh e eGNA datamys known,
(1[err]lnferr]M provided that Mis the the smal | est | ength of

ol i gopeptihdeth seathdd/igeppphises | the i shephaet: all the oligopeptides of

|l ength Mare at frequency 1 of the occurrence), which A -oligopeptide
is a part(ldf tded auiliatuisgittie frequsygmnenfeocafutmgdiofidaalf amhropraiidkei n and
contains an amno-acid 15 residue A)J (n[err] j [err] L-n+l) at the j-th
posi t i on androHeh & édquency toff Ridur refndeh @ faiindd va eiuz 1S equeepepifi ddie

pr ot ei n; A -oligopeptide: ajlaj2.. .aji.. .ajn

(wher Bi nprididdd [8f dernhitdffions .oftvelity aandilid acids in thd Rnfiesd due of
the ol igopeptide), 20 and calculating in the entire proteins of the

or gani smadd sequeridis féEatieacaneir@cssstenss 6f the bobhAvsAd“a”,
Xi - ol i gopepti de of length (n) corresponding to the [ength of

A -oligopenti G to a proteidth-Of  GlMPePtLARismI ta¥2.. . Xi....ajn
(wherein, the i-th residue Xi is any am no acid),
(2') calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Aj-oligopeptide

10 of given length of (n) (1=<n=M, provided that M is the the
smallest length of ocligopeptides satisfying the criterion that
all the oligopeptides of length M are at frequency 1 of the
occurrence) , which Aj-oligopeptide is a part of the amino acid
sequence of length (L) of the protein and contains an amino~acid

15 residue Aj (n=3j=L-n+l) at the j-th position from the N-
terminus of the amino acid sequence of the protein;

Aj-oligopeptide: ajlaj2....aji....ajn
(wherein, 15i=n+l; Aj=aji, and Aj is the
i~-th residue of the oligopeptide),

20 and calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Xi-oligopeptide
of length (n) corresponding to the length of Aj-oligopeptide;

Xi-oligopeptide: ajlaj2....Xi....ajn
(wherein, the i-th residue Xi is any amino acid),

25 (3) calculating ratio Yji of the frequency of occurrence of



25 (3) calculating ratio Yji of the frequency of occurrence of

the A -oligopeptide to that of the Xi-oligopeptide, (4) calculating
mean Y(j,n) of the Yji; n Y(j,n) =J[err] Yjiln, 5
i=1 (5) calculating functional vglue Z(j,n) of Y(j,n);

Z(j,n) = -log(Y(j,n)), (6) repeating the steps (2') to (5)
sequentially and determning the Z (j,n) value of each am no-acid
residue A) at 10 the j-th position (n[err]j[err]L-n+1l) in the am no acid
sequence qaf . ength (L ) _-sequepgtially repeatjng the steps (2)
to (6) foa“f h%%?\?h%gpep&lé?of;gi ﬁgggf °thﬂ8r 8&5?@&1&0&9?’%[1 eby det er ni ni ng
t he {ji stribution of the Z(&,ﬁn) val ue of each am no-acid residue 15

in the ent} e FROERTAEINETSRReY 20 Mh) OF ath8sYdre cl assified into
twenty according to trhe twenty am no acids, and then cal cul ati ng nean

Av(Aa) of the ¥(j,R) Mapuesifar each amno acid Aa and the standard
devi auji on &d (Aa% of the distribution t hereof, on the basis of the
distribution, to calculate a 20 function g to the j-th am no-acid residue

A of a pggyf eiEaiExElat_ing”?ﬁHBEiéhQ% Lheudi Bfigr ayce e Q((éi ?t)r’.i bution due to
of d ues; g=(2

t he species am no-aci d resi I,n), A) =

[Z(j,n) - AV(%}%{W(&llsggé}r(?hg)?gWﬂerein1 A = Aa), 25 (8)

calculating a value D(j,n nction g of each A
(6) repeating the steps (2') to (5) sequentially and

determining the Z(j,n) value of each amino~acid residue Aj at
10 the j-th position (n=j=L-n+l) in the amino acid sequence of
length (L),
(7) sequentially repeating the steps (2) to (6) for the entire
proteins of the organism “a”, thereby determining the
distribution of the Z2(j,n) value of each amino-acid residue
15 in the entire proteins, and the Z(j,n) values are classified
into twenty according to the twenty amino acids, and then
calculating mean Av(Aa) of the Z{j,n) wvalues for each amino
acid Aa and the standard deviation Sd (Aa) of the distribution
thereof, on the basis of the distribution, to calculate a
20 function g to the j~th amino-acid residue Aj of a protein for
normalizing the difference .j.n distribution due to the species
of amino-acid residues;
g = (2(j,n), AJ) = [2(j,n) - Av(Aa)]/Sd_(Aa)
{wherein, Aj = Aa),
25 (8) - calculating a value D{j,n) of the function g of each Aj

of all the amino-acid residues at the j-th position (nS<ji=



of all the am no-acid residues at the j-th position (n[err]j[err]

L-n+1l) of a protein in the entire proteins as recovered in the step
(7) ; D(j,n) =g9(Z(j,n), A), and 5 (9) defining the
representative value of the function gf t he j-th am no-acid residue in
the am no acid sequence of length (L) as a functional value W of the
Z(j,n) and D(j,n);

W=h(z(j,1),2(j.2),...2(j. M, Xj,1),Bj,2),...Dj. M) t her eby

predi cting the degree of the involvenent of each 10 am no-acid residue in
t he funciiohlbfof ReppodedinnibythsientireeproteidisneasierooéredidiNtheal ue as
an indicator. A third invention is a systemfor automatically
conducti sgep (7)the nethod according to claim 1, at |east conprising the

15 following units (a) to (9); (a) an outer menory unit nmenorizing
the am no aci O(3eaquercg (Z(j,n)dalsg)gf the entire putative proteins of

organi sm"a" of which genone data or cDNA data is known, as well as
an exi sthng protein data base, 20 (b) a calculation/nmenory unit,
conposed of CPU cal cul ating t he frequency of occurrence of each am no

aci d mand (bhe Heggdueng/the rePfe HEEHH £ HRE Nfud BE Vhduainoti GoRaPEhdes
produced by permutations of twenty am no acids, in the amno acid
S€qUeNCe§-th amino-acid residue in the amino acid sequence of length
(L) as a functional value Wj of the Z(j,n) and D(j,n):;
wi=h(2(3,1),2(3,2),..,2(3,M ,D(j,1),D(3,2),..,D(3,M)
thereby predicting the degree of the involvement of each

10 amino-acid residue in the function of the proteih by using the

dimension of the Wj value as an indicator.

A thirdinventionis a system for automatically conducting
the method according to claim 1, at least comprising the

15 following units (a) to (qg);

(a) an outer memory unit memorizing the amino acid sequence
data of the entire putative proteins of organism “.a” of which
genome data or ¢cDNA data is known, as well as an existing protein
data base,

20 {(b) a calculation/memory unit, composed of CPU calculating
the frequency of occurrence of each amino acid and the frequency
of occurrence of individual oligopeptides produced by
permutations of twenty amino acids, in the amino acid sequences
of ﬁhe entire proteins of the organism “a”, and a memory unit

25 having the memory of the calculation results,



of the entire proteins of the organism™"a", and a nenory unit 25 having
the nmenory of the calculation results,

10 (c) a calculation/nmenory unit, conposed of CPU cal cul ati ng

the smallest length (n) of oligopeptideg satisfying the foll ow ng
criteria anong the individual oligopeptides of which t he frequencies
of the occurrences being nenorized in the unit 5 (b); anong
ol i gopepti des of length (n), the nunber of ol i gopepti des whi ch

occur _oncey by %?c%f&&i&tf&%ﬁéﬂéﬁ}( upit co&éoé%%%frcﬁﬁ%t%goﬁﬁg of

ol i gopept i entire

anong 10 oI| Qpep |de Ien n+1 he nu

ol i gopept |tb}b% whre k]f%os(%cuir' (n)t h% ﬁggec’p%pft i$s 5 1sfy1ng| strf ar ger
t han the n er of oI| 0 eptldes i C cur the entire
br ot e ne, FoLtow PR 1R 7 iR SAPaR oy of Wt ) | o
calculatlon/nenn un|t nPosed of CPU calculatlgﬁ in the entire
proteins of® K& ° »the REQUERARGRS PEL g memaeized 4 Ehgrunte

fol | owi_ng A; O|IgOpeptIde of length (n+l), which is a part of the

ani no &ci d{®eguence of length of (L) of the protein as a subject for
predicting a functional site 20 and contains an am no-acid residue A

(n+l[err]j[err]2mpygapligeprpptades ofpdengtdn fmbm the RUMEEH R of the

amno acid sequence of the protein; Al - ol i gopepti de:
ajl aj 2. A i .oligppapthdes which occur once in the entire proteins

is smaller than the number of oligopeptides which
occur twice in the entire protein's; among

10 oligopeptides of length (n+l), the number of

oligopeptides which occur once in the entire proteins
is larger than the number of oligopeptides which
occur twice in the entire proteins,

and a memory unit having the memory of the (n),

15 (d) a calculation/memory unit, composed of CPU calculating
in the entire proteins of the organism “a”, the frequency of
occurrence of the following Aj-oligopeptide of length (n+l),
which is a part of the amino acid sequence of length of (L)
of the protein as a subject for predicting a functional site

20 and contains an amino-acid residue Aj (n+1=j=L-n) at the j-th
position from the N-terminus of the amino acid sequence of the
protein;

Aj-oligopeptide: ajlaj2....Aji....ajnaj(n+l)
{wherein, léiénfl; Aj = Aji; and Aj is the i-th

25 residue of the oligopeptide),



(wherein, 1[err]i[err]ln+l; Al = Aji; and Aj is the i-th 25 resi due

of the oligopeptide), and calculating in the entire
proteins of the organism"a", t he frequency of occurrence of the
foll owi ng Xi-oligopeptide of lengtih (n+l); Xi - ol i gopept i de:
ajlaj2....X1i....a naj(n+l) 5 (wherin, the i-th residue X i is any
am no acid), and a nenory unit having the nenory of the cal culation
results, (e) a calculation/nenory unit, conposed of CPU cal cul ati ng

2010 M kel cbl8{LAUENEK RhcORRUE £ENGELOL: LhcoM el LISRERLECRLY 1O

that of the and a ne havi ng menory of

I{e:’in Yj Oif:lfl% %_@Ia?%l?!eg%aé% Ooncécnt.?rnperrﬁqéj_ rgfl thgoggf%gggg% e)gr:) %oﬁ.?%%%%&&l}gg 15

i =1 apd. a mepory unit having the nenory of Yj, and (g) a
caIcuIati%ﬁ/%ﬁﬁﬁngdﬁﬁﬂ?'conposed of CPU cal cul ating functional val ue

Zj of Yj; ) Z) = 1(Y)) 20 (wherein, function f is a
nonot onousl y X1’°1lg°P&§$ﬂég§iﬁ@lﬁaﬁethoﬁlér-a-ﬁ@ﬁﬁﬁbﬁﬁdély
i ncreasing function), and a nmenory unit having the nenory of Zj.
5 {wherin, the i-th residue Xji is any amino acid),
and a memory unit having the memory of the calculation results,
(e) a calculation/memory unit, composed of CPU calculating
ratio Yji of the frequency of occurrence of the Aj~oligopeptide
to that of the Xi-oligopeptide, and a memory unit having the
10 memory of Yji,
() a calculation/memory unit, composed of CPU calculating

mean ¥j of the Y3jii;
n+1l
Yy =2 Yii/(n+l),
15 i=1
and a memory unit having the memory of Yj, and
(g) a calculation/memory unit, composed of CPU calculating
functional value Zj of Y3;
2j = £(Y3)
20 {wherein, function f is a monotonously
decreasing function or a monotonously

increasing function),

and a memory unit having the memory of Zj.

25 - A fourth invention 1is a system for automatically

conducting the method according to claim 3, at least comprising



25 A fourth invention is a system for automatically

conducting the nethod according to claim 3, at |east conprising

12 the following units (a) to (i); (a) an outer nmenory unit
menori zing the am no acid sequence 1o data of the entire putative
proteins of organism"a" of which genone data or cDNA data is known,
as well as an existing protein 5 data base, (b) a

cal cul ati on/ menory unit, conposed of CPU cal cul ati ng t he frequency of
occurrence of each am no acid and the frequency of occurrence of

i ndi vi duathel fgbpepindeynpirsddaddtey (1);  pernutations of twenty anino
acids in the amno acid sequences 10 of the entire proteins of the
organi sm @), anpdutermMRmOriynit memepiiziga fhenrambny atidhseqgaerceat i on
results, (c) a calculation/nmenory unit, conposed of CPU cal cul ati ng
in the endata gf dhel potdfre butatguai srotains tdfe dogequiemy adf of which
occurrence of the followi ng A -oligopeptide of given length 15 of (n)

(1[ err] n[ @endive dartavodeddNAda tdiisskhdnen sl wekl alsecayielxiefting protein

ol i gopeptides satisfying the criterion that all the ol i gopepti des of

| engtls M a@seaabaseéequency 1 of the occurrence), whi ch Aj -ol i gopepti de
Is a part of the am no acid sequence of |l ength (L) of a given protein

of the organi sa cal candtLenymensry2ini 8nagbmposeddbEsCBUeMhlculating
(n[err]j[err]L-n+l) atthej-thpositionfrom N-term nus of the amno acis
sequene ofhé RO occurrence bt @acdioRahod d¥i Phhdjthe fréirthency dj N
of occurrence of individual oligopeptides produced by
permutations of twenty amino acids in the amino acid sequences
10 of the entire proteins of the organism “a”, and a memory unit
having the memory of the calculation results,
(c) a calculation/memory unit, composed of CPU calculating
in the entire protéins of the organism “a”, the frequency of
occurrence of the following Aj-oligopeptide of given length
15 of (n) (1=n=M, provided that M is the smallest length of
oligopeptides satisfying the criterion that all the
oligopeptides of lengthMare at frequency 1 of the occurrence) ,
which Aj-oligopeptide is a part of the amino acid sequence of
length (L) of a given protein of the organism “a” and contains
20 an amino-acid residueAj (n<j=L-n+l) at the j-thposition from
N-terminus of the amino acis séquene of the protein;
Aj-oligopeptide: ajlaj2....aji....ajn
(wherein, 1=i=n+l1; Aj=aji, and Aj is the
i-th residue of the oligopeptide),

25 and calculating in the entire proteins of the organism “a”,



(wherein, 1f[err]if[err]n+l; Aj=aji, and Al is the I -th residue of
the oligopeptide), 25 and calculating in the entire proteins of the
organism"a", 13 t he
frequency of occurrence of the followag X -oligopeptide of length (n)
corresponding to the length of A -oligopeptide; Xi - ol i gopepti de:
ajlaj2....Xi... .an (wherein, the i-th residue Xji is any am no
acid), 5 and a nenory unit menori zing the cal culation results, (d) a

cal cul at on/ ni osed of . rati o, Yj of the
frequency n‘% ‘g}ﬁ & & o?c‘f e A°S Slfcgiéjﬁe ?fia'%wmggng oo}h%?p%?tf#%

-oli g | a_menor nit hav t he Yj i, 10
(o) 208 ﬁﬁ ‘?*bfifﬂeﬁswe&ﬁ%ﬁﬁlegngas%begéﬁnéﬁe o5 A4 T%%apep Tdgtan
Y(J,n) of the Yj Y(j., n) [err] Yjiln,
i=1 15 and a %+9°Bﬁpttlﬁle9w ﬁgltaﬁé menddy -of -¥GB n) (f) a
cal cul ati on/ menory unit, conposed of CPU cal cul ating functional val ue
Z(j,n) of Y(j(Kperein, the izh gesidueogiy( isnpry aming@ridnenory unit
having the nmenory of Z(j,n), 20 (g) a calculation/nmenory unit, conposed
of CPU candudameRgry unlﬁh@emerlﬁ}naawbe @Blgméﬁtmﬂnu;eﬁﬂktsesudue in the
am no acid sequences of the entire proteins of the organism™"a"
cal cul at (Al taecalcutabirhdmepbryvhunit), apmpased of €BYhcalculating

ratio Yji of the frequency of occurrence of the Aj-oligopeptide
to that of the Xi-oligopeptide, and a memory unit having the
memory. of the Yji,

10 (e) a calculation/memory unit, composed of CPU calculating

mean Y(j,n) of the Yji;
n
Y(j,n) = X Yji/n,
i=1

15 and a memory unit having the memory of Y(j,n),

(f) a calculation/memory unit, composed of CPU calculating
functional wvalue Z(j,n) of Y(j,n);

Z(j,n) = -log(¥(j,n)),
and a memory unit having the memory of Z(j,n),

20 (g) a calculation/memory unit, composed of CPU calculating
the Z(j,n) value of each amino-acid residue in the amino acid
sequences of the entire proteins of the organism “a”,

calculating the distribution of the Z(j,n).value of each

amino-acid residue in the entire proteins, and the Z(j,n)

25 ~values are classified into twenty according to the twenty amino

acids, and then caclulating mean Av(Aa) of the Z(j,n) values



am no-acid residue in the entire proteins, and the Z(j,n) 25 values are

classified into twenty according to the twenty am no aci ds, and then
caclul ating nean Av(Aa) of the Z(j,n) val ues

14 for each am no acid Aa and tilge standard devi ation Sd (Aa) of
the distribution thereof, on the basis of the distribution, to
determ ne function g for normalizing the difference in di stribution
due to the species of am no-acid residues; = (Z(j,n), A) =

[Z(j . n) é%( A/Mrﬁ?)?c1d Az and( P\:}n\@g é’ dexﬁ‘g)&:lon Sda:?ga? Sepnory

uni t haV|ng t menor arst 76 MEMOry un conposed
f CPU I f f t th t
(0 conﬁe#"”ﬁ sEBibusiRt, #Hsreo‘ RNFHe- a%%‘%s'é’@ TRl
position err]jlerr]L-n+1l) in the am no acid seguence of |ength
(L); to detéﬂ[n 4om)g ixfy normaé\ﬁalagrreﬁherf YTIRER Nt he

menory of the value and (i) cal cul ation/ menory unit,
conposed 6%55?é%PgﬁP5thﬁ GﬁlFhelﬁpeE&FéuP§tPﬁgnéﬁiﬁﬁiwﬁﬂﬁkﬂﬂﬁﬁmwmtlona
val ue Vv of the Z(j,n) of each am no-acid residue in the
ani no Jaci d g SedlédeB) / AJ) = Z(J n) - Av(Aa)]/sd(aa)
W=h(z(j,1),2(j,2),..,2(1,M,Dj,1),Xj,2),..,0j,M)  anda menmry
uni t haV|ng théwhﬁﬁﬁ$9,oAJtHeAvﬁ val ue. 20 A fifth invention is
a nethod for nodifying the known function of protein "A" derived from

the entirangratmeémeryfunit having the memory of g,

(h) a calculation/memory unit, composed of CPU calculating
value D (j,n) of function gmemorized in the unit (g) concerning
10 each of all the amino-acid residues Aj at the j-th position
(n<3j=L-n+l) in the amino acid sequence of length (L);
D(j,n) = g(Z(j,n), AJ)
and a memory unit having the memory of the D(j, n) value, and
(i) a calculation/memory unit, composed of a calculationunit
15 calculating an appropriate functional value Wj of the Z(j,n)
and D(j,n) of each amino-acid residue in the amino acid
sequence;
Wi=h(2(3,1),2(3,2),..,2(3,M,D(3,1),D(3,2),..,D(3,M))
and a memory unit having the memory of the Wj wvalue.
20
A fifth invention is a method for modifying the known
function of protein “A” derived from the entire proteins of
organism “a” of which genome data or cDNA data has been known,
which method comprises the steps of:

25 (1) extracting a protein closely related to the protein “A”



organi sm "a" of which genone data or cDNA data has been known, whi ch
nmet hod conprises the steps of: 25 (1) extracting a protein closely
related to the protein "A" 15
froman existing protein data base andgsubjecting the proteins to

al i gnnment , (2) calculating the frequency of occurrence of each am no
aci d and the frequency of occurrence of individual oligopeptides 5
produced by permutations of twenty am no acids in the anino acid
sequences_of the entire proteins of the organism™a", det er m ng

t he smal I%%‘Pmlaéhﬁf‘ﬁsfiﬁf’goPrBF?bB;ﬁ%ﬁ% Hé§es%rt“i1§“&h3rﬂftlng tf’ﬁePF%F?bW ng
criteria; anong ol i gopeptides of length (n), the number of 10
oI|gopept$@eélhﬂﬂ@ﬁn6ccur once in the entire proteins is smaller
t han the nunber of oligopeptides which occur twice in the entire
prot ei ns; (2hongalculating Yi¢ fupdpendgof ofcuiengnhe qhearh antilme agidber  of
ol i gopepti des which occur once in the entire proteins 15 Is | arger
t han t he amdbthe of redfigopgptf descwhrence of individeal éoligepeptidesentire
pr ot ei ns, (3) calculating in the entire proteins of the organi sm
"a", 5 prottecédenyepeymotaatonsreficewefityyhamint| avidg £h- thegapepsdi de

of length (n+l), which is a part of the am no acid sequence 20 of length
(L) of th&cpdaieiuendes aflthensmtive rcid@ine a€i the orgdreissntiva “A and
(n+l[err]j[err]L-n) at the j-th position fromthe N term nus of the
am no aci detearengeriod sl IdH @bAgth (n) of oligopeptides satisfying

the following criteria;
among oligopeptides of length {(n), the number of
10 oligopeptides which occur once in the entire proteins
is smaller than the number of oligopeptides which
occur twice in the entire proteins; among
oligopeptides of 1length (n+l), the number of
oligopeptides which occur once in the entire proteins
15 is larger than the number of oligopeptides which
occur twice in the entire proteins,
(3) calculating in the entire proteins of the organism "“a”,
the frequency of occurrence of the following Aj-oligopeptide
of length (n+l), which is a part of the amino acid sequence
20 of length (L) of the protein "A” and contains an amino-acid
residue A3 (n+1=<3j=L-n) at the j-th position from the N-
terminus of the amino acid sequence of the protein;
Aj-oligopeptide: ajlaj2....Aji....ajnaj(n+l)
(wherein, 1=iZ=n+l; Aj=Aji; and Aj is the i-

25 th residue of the oligopeptide),



A -oligopeptide: ajlaj2 .... Ai....ajnaj(n+l) (wherein

lerr]iferr]n+l; A =Ai; and Al is the i- 25 th residue of the

ol i gopepti de), 16 and
calculating in the entire proteins of {he organism"a", t he frequency
of occurrence of the follow ng Xi-oligopeptide of length (n+l);
Xi-oligopeptide: ajlaj2....Xi.. .ajnaj(n+l) 5 (wherein, the
residue Xji is any am no acid), (4) calculating ratio Yji of the
frequency of occurrence of the A '-ollgopeptlde to that of the

Xi - ol i gopéﬁfii galculating img|thq gntdgenpzateingt ofhéhe prganism "a”, 4
10 Y] [err] Yji/(n+l), I =1 (6) calculating
functi onalth\eafaeqzjanév ;occurrence off thef fgliowing Xi-olfighpepitade
function f is a nonotonously decreasing 15 function or a

monot onousify liemgtdasintd Mf;unct i on) and defining the Zj value as a
representative val ue of the function of the j-th am no-acid residue of
the ami no aci dXi-olisppepiciedef d-8rgich (L)X0f. t heajiay ehAl)y A", (7)

sequentially repeating the steps (3) to (6) and 20 determning the Z
val ue ®f each qiwhaldeiirhethsirseibdidXfesislany amino alcij)si ti on bet ween
n+l[err]j[err]L-n in the am no acid sequence of l ength (L), (8)
sel ecting @) | eadiculraialg 1A ¢ jLEe6E dtite tTrdifusiidy &t @Ecurrence of

the Aj-oligopeptide to that of the Xi-oligopeptide,

(5) calculating mean Yj of the Y3ji;
n+1
10 Y3 =X Yji/(n+l),
i=1

(6) calculating functional value Zj of Y¥Yj;
zj = £(Y3])
(wherein, function f is a monotonously decreasing
15 function or a monotonously increasing function),
and defining the Z3j value as a representative value of the
function of the j~th amino-acid residue of the amino acid
sequence of length (L) of the protein “A”,
{7) sequentially repeating the steps (3) to (6) and
20 determining the Zj value of each of all the amino-acid residues
at position between n+1<3j=L-n in the amino acid sequence of
length (L),
(8) selecting at least one amino-acid residue to be subjected
to mutation on the basis of the alignment data carried out in
25 the step (1) from the amino acid sequence of length (L) of the

protein “A”, sequentially repeating the steps (3) to (6) for



to mutation on the basis of the alignnent data carried out in 25 the step
(1) fromthe am no acid sequence of length (L) of the protein "A",
sequentially repeating the steps (3) to (6) for

17 vari ant am no-acid residu in various nutated am no acid
sequences where the sel ected am no-actd residue has been nmutated into
anot her am no-acid residue, to determ ne the Z val ue of the variant
am no-acid residues, 5 (9) selecting a mutated am no aci d sequence
wherein the Zj val ue of the variant am no-acid residue as determ ned
in the varishép af@nd-xaadia geesbdugsmihenvarhigust utzted| apine agéddwil d
type am no-acid residue as determned in the step (7), and (10)

pr epar i ngatmenktiesdganerentbei raplidusntli dmegoaacind awsdduk) hasgberve from
the protein "A" gene, and producing the nodified protein as the
expressi patpreduthtof ahbeéhgengmino-acid residus) xtd dgteamdiirisn the g2jnet hod
for nodifying the function of protein "B" derived froman organism"b"

of whi chygenemer the dalr 01t cliVhdlala dasedigaiesinknown, which net hod
conprises the steps of: (1) extracting protein "A" nost closely

rel at£d 4Q)pr gllideting a Buthted@ bR nRbicie Begltnde dheRkdanich@ 23" of
whi ch genone data or cDNA data being known and subjecting the protein

to 20 abLhQRIMBR! thar ve¥LAAC! 4M0nE-RELH G dls ChoS Al Y dAlAfithdD iBY @hai N
"B" froman existing protein data base to subject the protein
step (8) is larger or smaller than the Zj value of the wild
type amino-acid residue as determined in the step (7), and
(10) preparing amodified gene encoding themodified amino acid

10 sequence from the protein “A” gene, and producing the modified

protein as the expression product of the gene.

A sixth invention is a method for modifying the function
of protein “B” derived from an organism “b” of which genocme
15 data or cDNA data has been unknown, which method comprises the
steps of:
(1) extracting protein “A” most closely related to protein
“B” from the entire proteins of organism “a” of which genome
data or cDNA data being known and subjecting the protein to
20 alignment, or extracting a protein closely related to protein
“"B” from an existing protein data base to subject the protein
to alignment,
(2) calculating in the amino acid sequences of the entire
proteins of the organism “a”, the frequency of occurrence of

25 each amino acid and the frequency of occurrence of individual



to alignnent, (2) calculating in the am no acid sequences of the
entire proteins of the organism"a", the frequency of occurrence of
25 each amino acid and the frequency of occurrence of individual

18 ol i gopepti des produced by pggnutations of twenty am no acids,
and determning the smallest length (n) of oligopeptides sati sfying
the following criteria,; anong ol i gopeptides of length (n), the
nunber of 5 ol i gopepti des which occur once in the entire proteins
is smaller _than the nunber of oH&gopeptides whi ¢ occur twice in

h .
the entir@lpAoPEPiddeg Brgduced by perglutgidons aEstwenty e achdsy, the
nunber  of . ol i gopeptides which occur once in the entire proteins
10 28d| fdefariIng h&hguial kastol 1 ep@eht i(#ds ahi ehigopeptidesgccur
twice in the entire proteins, - (3) calculating in the entire proteins
of the or gafisfviag the faljowimammidenifaoccurrence of the foll owing
Aj - ol i gopepti de of lTength (n+l), which is a part of the am no acid
sequence 15 efmongngilligdpgplidds td€ peongthn (hA', e comtlénsofin ami no-
acid residue Al (n+lf[err]j[err]L-n) at the j-th position fromthe
N-terrs nus of btheégapeptisEswbighercmmbntddnptivé@ntire proteins
Ai -oligopeptide: ajlaj2... .Ai....ajnaj(n+l) (wherein
1l err]i[err] n+is Amljlier aitthrdthe dumber ofPlbligopepbtidesi dugchf the
ol i gopepti de), and calculating in the entire proteins of the organism
"a", occur twice in the entire proteins; among
oligopeptides of 1length (n+l), the number of
oligopeptides which occur once in the entire proteins
10 is larger than the number of oligopeptides which
occur twice in the entire proteins,
(3) calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Aj-oligopeptide
of length (n+1l), which is a part of the aminoc acid sequence
15 of length of (L) of the protein "“A” and contains an amino-
acid residue Aj (n+1=3j=L-n) at the j-th position from the
N-terminus of the amino acid sequence of the protein;
Ai-oligopeptide: ajlaj2....Aji....ajnaj(n+l)
{(wherein, 1=i=n+l; Aj=Aji; and Aj is the i-
20 th residue of the oligopeptide),
and calculating in the entire proteins of the organism "a”,
the frequency of occurrence of the following Xi-oligopeptide
of length (n+l);
Xi-oligopeptide: ajlaj2....Xji....ajnaj(n+l)

25 (wherein, the i-th residue Xji is any amino acid),



t he frequency of occurrence of the follow ng Xi-oligopeptide of length
(n+1); Xi-oligopeptide: ajlaj2....Xi.. .ajnaj(n+l) 25

(wherein, the i-th residue Xji is any am no acid), (4)
calculating ratio Yji of the frequencyf occurrence of t he

Aj -ol i gopeptide to that of the Xi -oligopeptide, (5) calculating nmean
Yj of the Yji; n+l 5 Y =[err] Yji/(n+l),

i =1 (6) calculating functional value Zj of Yj; Zj = f(Y])
(wherein, function f is a nonotonously decreasing 10 function or a
monot onoudfy. i RRLEMdATguRBELEnY i1 of theFregushqy ofhecgirrgnge as a
representative value of the function of the j-th am no-acid residue A
of the anthe Adir@ligorepiddende Shatemft Hhel Kisloliigonantiide, " A", (7)
sequentially repeating the steps (3) to (6) and 15 determning the Z

val ue of d&th eplgulatiacamesn ¥di ofr ddhied¥dd: - at position between
n+l[err]j[err] <L-m4mn the am no acid sequence of l ength (L), (8)
sel ectd ng at |ggst eneyaniynp-acid residue to be subjected to nmutation
on theEJJ basis o ?’t he_%al Fg%]r/rgﬁ??géta carried out in 20 the step (1) from
the am no acid sedu‘e]hce of length (L) of the protein "A", sequentially

\rlgf;agbisnﬁngfeégg%%%%%)&(ﬁgg f%@cffi%rnal validl iz%ntofargjn;o- acid residues in
Zj = £(¥3)
(wherein, function f is a monotonously decreasing
10 function or a monotonously increasing function),
and defining the Zj value as a representative value of the
function of the j-th amino-acid residue Aj of the amino acid
sequence of length (L) of the protein “A”,
(7) sequentially repeating the steps (3) to (6) and
15 determining the 2j value of each of all the amino-acid residues
at position between n+1=<Xj=L-n in the amino acid sequence of
length (L),
(8) selecting at least one amino-acid residue to be subjected
to mutation on the basis of the alignment data carried out in
20 the step (1) from the amino acid sequence of length (L) of the
protein “A”, sequentially repeating the steps (3) to (6) for
variant amino-acid residues in various mutated amino acid
sequences where the selected amino-acid re;idue has been
mutated into another amino-acid residues, to determine the Zj
25 wvalue of. the variant amino-acid residues,

(%) selecting the mutation position and the mutated



sequences where the sel ected am no-acid residue has been mutated into
anot her am no-acid residues, to determne the ZJ 25 value of the variant
am no-aci d residues, (9) selecting the nutation position and the

nmut at ed 20 20 am no-aci d
resi due wherein the Zj value of the variant am no-aci d residue as
determned in the step (8) is larger or smal l er than the Z val ue of
the wild type am no-acid residue as determned in the step (7), and

5 (10) PLegarn0awd Lipdgeneanens nOLETO 1 Ledal nggcidhe varsegienCe

havi ng the nmutated am no-acid resi position romthe protein

"B" gene, _and producing.t npdi fied protein as expr.ession_product
of the geﬁ"g‘.ln 25 regldﬁ%%@e‘% %e]fnr‘lvré ‘%iléhtlhse ﬁtﬁgt ng lfsmaarﬁ?(ﬁrf ?lrng t he

known fyncti of _protein "A" derjved frqoqmthe entire pyoteins of
or gani sm SEIEEAPER HRAGHE YRKUE 8F CRRATUL SYRR SBuS0 A% Fesidte n; o
nmet hod conpri ses the steps of: él) extracting proteins closely related
to the pr@fSecgbegmings ’f"rd‘?ﬁ%rﬁ%ﬁ stihg bt ei n data base and subjecting
the proteins to alignnent,. (2) . o ) _
cal cul &t | HgOhePraRasic\T? Siocifiateene sorefingeiemodi figdpmine peiduency
of occurrence of individual oligopeptides ~_ produced by pernutations of
twenty anisegugsicgshavingHdemuis tedrmine rekd rafdairoptiie prsiitdopr ot ei ns
of the organism™"a",

from the protein “"B” gene, and producing the modified protein

as the expression product of the gene.

10 A seventh invention is a method for modifying the known
function of protein “A” derived from the entire proteins of
organism “a” of which genome data or cDNA data has been known,
which method comprises the steps of:

(1) extracting proteins closely related to the protein “A”"

15 from an existing protein data base and subjecting the proteins
to alignment,

(2) calculating the frequency of occurrence of each amino acid
and the frequency.of occurrence of individual oligopeptides
produced by permutations of twenty amino acids, in the amino

20 acid sequences of the entire proteins of the organism “a”,
{3) as to a protein of the organism “a”,

(3') calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Aj-oligopeptide
of given length of (n) (1=n=M, provided that M is the smallest

25 length of oligopeptides satisfying the criterion that all the



(3) as to a protein of the organism"a", (3") calculating in the
entire proteins of the organism"a", the frequency of occurrence of
the follow ng A -oligopeptide of given length of (n) (1[err]n[err]M
provided that Mis the smallest 25 Ilgngth of oligopeptides satisfying the
criterion that all the 21

ol i gopeptides of length Mare at frequency 1 of the occurrence), whi ch
A -oligopeptide is a part of the am no acid sequence of the protein
and cont ai nsanam no-acidresidue Al (n[err]j[err]L-n+l) at the j-th
posi ti on ¢tbarprEtAdesaf A83ash M Are@tofreauencgy 1 of thegoerpgeprpel de:
ajlaj2 ... ai .... .an (wherein, 1l[err]iferr]ln; A =aji, and
Aj is thewhigch Aj- oligopeptidedie aoparitecs| thppapgrialerid sequange of
calculating in the entire proteins of the organism"a", t he frequency
of occurr eheepmitdireahd d:mmtmgxus(lamiamgnpe@dzlde:esh@iue:mjl EnEtIs Lap+1)
corresponding to the length of A -oligopeptide; Xi - ol i gopepti de:
ajlaj 2...atXthe. j-thj position frofitiieeNtterid nust off adidyerofdin s any

am no acid), (4) calculating ratio Yji of the frequency of occurrence
of 5 the Anjoblagpeebitdeld: oaljhatjzof LhgiX. -Q|aljgﬂpept| de, 15 (5)

cal cul ating nean Y(j,n) of the Yji; Y(j,n) =

[err] Yji/n, (wherein, 1=iSud —Aj_ajl ) agal € Wrad unghf unctional val ue
Z(j,n) of Y(j,n); 20 Z(j,n) —-Iog(YJ,n)) (7) repeating the
steps (3') to ¢@kianauest ikdld B1ak@dpeptide)
and calculating in the entire proteins of the organism “a”,
the fréquency of occurrence of the following Xi-oligopeptide
10 of length (n) corresponding to the length of Aj-oligopeptide;
Xi-oligopeptide: ajlaj2....Xji....ajn
(wherein, the i-th residue Xji is any amino acid),
(4) calculating ratio Yji of the frequency of occurrence of

the Aj-oligopeptide to that of the Xi-oligopeptide,

15 (5) calculating mean Y(j,n) of the ¥Yji;
n
Y(j,n) = X Yji/n,
i=1

(6) calculating functional wvalue Z(j,n) of Y(j,n):;

20 Z(j,n) = -log(¥(j,n)),
(7) repeating the steps (3') to (6) sequentially and
determining the Z(3j,n) value of each amino-acid residue Aj at
position j (n=j=L-n+l) in the amino acid sequence of length
(L),

25 (8) sequentially repeating the steps (3) to (7) for theentire

proteins of the organism “a”, thereby determining the



determning the Z (j ,n) value of each am no-acid residue A at

position j (n[err]j[err]L-n+l) in the am no acid sequence of |ength

(L), 25 (8) sequentially repeating the steps (3) to (7) for theentire
proteins of the organism"a", thereby2determ ning the

22 distribution of the Z(j,n) value of each am no-acid residue
in the entire proteins, and the Z(j,n) values are classified into
twenty accordi ng to the tvventy am no acids, and then cal cul ati ng nean

Av( Aa of 5 Ci n he_ st ndard
d\é\(ll a% [ on gf’ié\%’tl% t%eugﬁstrl%uﬁco me °§ ercéof ﬁ%’ gl a%elssl ©the
distributjon, to deternin to,the th amn oaC| si due
A of a ptd t‘él?‘?'lefrb re pr %Cﬁ]ﬁhﬁ’l ﬁnﬁggtb Zgﬂf’f’ér‘éﬂﬁgefnafﬁ’scf ’%(ﬁffdue to

t he species of am no-agcid resi dues; = (Z(j, r? Ajg
[Z(j,n) -1&PARYEREY(AGFOTding to lt%mfaf%nw iﬁ“l‘mAé‘)ﬂds' n
cal cul ating value D(j,n) of the function of each A aI 1 the
ani no- aci @keslatesgafeeRery (A posi therd 831{%} rﬁ{‘éﬁ]@ﬁﬂach amingf g

protein in the entire proteins as recovered in the step 15 (8);
D(j, np = ¢ andj fhe stand%rrb)ieeréﬁtnpng&ih@ar)ep‘«fe%ﬁtcawwlmw of the
function of the j-th am no-acid residue in the am no acid sequence of
| ength  ther¢of, aorf ubkei dasiisvadfiethe distribytion, ate Blgteymineg(
W=h(z(j,1),2(j,2), ...Z2(j,.M,Dj,1),Dj,2), ...(j,M)
function g to t e j- th amino-acid res:.due Aj of a protein for
normalizing the difference in distribution due to the species
of amino-acid residues;
10 g = (2(j,n), Aj) = [Z(],n) — Av(Aa)]/Sd(Aa)
(wherein, Aj = Aa),
(9) calculating value D(3j,n) of the function g of each Aj of
all the amino-acid residues at the j-th position (n=3j=<L-n+1)
of a protein in the entire proteins as recovered in the step
15 (8);
D(j,n) = gl(Z(3,n), Aj),
(10) defining the representative value of the function of the
j-th amino-acid residue in the amino acid sequence of length
(L) as functional value Wj of the Z(j,n) and D(j,n);
20 Wwi=h(z(j,1),2(j,2),..,2(3,M ,D(j,1),D(3,2),..,D(],M))
(11) sequentially repeating the éteps (3) to (10) , todetermine
the individual Wj values of all the amino-acid residues at the
position (n+1=3j=L-n) in the amino acid sequence of length (L),

(12$ selecting at least one amino-acid residue to be subjected

25 to mutation on the basis of the alignment data carried out in



(11) sequentiallyrepeatingthesteps (3) to (10), todeterm ne t he

I ndi vidual W values of all the am no-acid residues at the position
(n+lf[err]j[err]L-n) in the am no acid sequence of length (L), (12)
selecting at | east one am no-acid respdue to be subjected 25 to nutation
on the basis of the alignnent data carried out in

23 the step (1) fromthe am no acid sequence of length (L) of the
protein "A", and sequentially repeating the steps (3) to (10) for

vari ant ] NQ-.aci d,hesi.dues, L n_vari ] Cl equences
where t hgégseelset(a:e‘rzpeglgtm%%%{ﬁa?:?%r%%lg{odgéiﬁgég‘égﬁcg@%ﬁ aqtgbl (IL t8§a{%3? her
am no-acid residue,,to determne.t ' .val ue of the wvarian
ani no- aci®FPEsHuet” andeffgfeggllégﬁy\r%eﬁeﬂﬁfﬁ?e %rﬁtrﬁ?sac‘ﬁg é@q{fe(??ce
wherein the W val.ue of the variant am ng-acid residue as determ ned
inthe for D PO rgF1dHEF| 7 VEFHPIHEWR tes 3B1BP 3¢ wi | d
10 type amno-acid residue as determned in the step (10), and (14)
prepar i nGSeAHRRUTEF WG Fe BiRodPhECERE MBHINA-@Fichi Feshdre has kegfuence
fromthe protein "A" gene, and producing the nodified _protein as the
expreSsi crurbadcin®? anpthphanino-peid residyesi §ht detavsineobhe Fh
t her mophi | i ¢ DNA pol yner ase, _ prepared by artificially nodifying the
am no acivakeguehcthef variankf gmpna-peidneesiduee t hat t he el ongation of
synt hesi zed DNA _chain mght not be termnated internediately during
t he te2hl yelectingt Acnyhatedsimind acBisedaence oriperebnt Bhy WD
value of the variant amino-acid residue as determined in the
step (12) is larger or smaller than the Wj value of the wild
10 type amino-acid residue as determined in the step (10), and
(14) preparingamodified gene encoding themodified amino acid
sequence from the protein “A” gene, and producing the modified

protein as the expression product of the gene.

15 An eighth invention is a thermophilic DNA polymerase,
prepared by artificially modifying the amino acid sequence of
Pfu DNA polymerase so that the elongation of synthesized DNA
chain might not be terminated intermediately during the
catalysis for the synthesis of a DNA chain complimentary to
20 a singie—stranded DNA, and more specifically, the thermophilic
DNA polymerase is one comprising the amino acid sequence of

SQ ID No.1l.
In association with the eighth invention, the present
application provides a DNA sequence encoding the amino acid

25 sequence of SQ ID No.l and a recombinant vector carrying the



20 a single-stranded DNA, and nore specifically, the thernophilic DNA
pol ynerase is one conprising the amno acid sequence of SQ ID No.1

In association with the eighth invention, the present application

provi des a DNA sequence encoding the amino acid 25 sequence of SQ ID No.1
and a reconbi nant vector carrying the

24 DNA sequence. Such reconbi nant vector includes reconbi nant

pl asm d pDP320 carried on Escherichia coli HMVMS174 (DE3) /pDP320 ( FERM
P-16052) . 5 Still furthernore, in accordance with the present

i nventi on,DNA $equusnyée deduchretdummnifiotary efpptticyy imdlhete® peddntbinant DNA

pol ynerase, conprising culturing a cell transformed with an expression

vector carpya$igidporIdd segresaonmBgchéelahiatoli mqsmdwwnj)y/mjm
obj ective enzyne generated in a culture 10 medium A ninth

invention (sgRMtbeigoeh) i c DNA pol ynerase, prepared by artificially
nodi fyi ng the am no acid sequence of Pfu DNA pol ynerase so that the
synt hesi zed DNA chain mght be 15 nore elongated during the catalysis for
the synthesis of a DNA chain conplinentary to a single-stranded DNA

and moge  sgeei {1 Gabliheherd Nenpplbe ONAPOLYRR! A5fe Hulient
conpri Sing the amno acid sequence of SO .6 or a
invention, it is provided a method for preparing a thermophilic
DNA polymerase, comprising culturing a cell transformed with
an expression vector carrying the DNA sequence and isolating

and purifying the objective enzyme generated in a culture

10 medium.

A ninth invention is a thermophilic DNA polymerase,
prepared by artificially modifying the amino acid sequence of

Pfu DNA polymerase so that the synthesized DNA chain might be

15 more elongated during the catalysis for the synthesis of a DNA
chain complimentary to a single-stranded DNA, and more
specifically, the thermophilic DNA polymerase is one
comprising the amino acid sequence of SQ ID No.6 or a DNA
polymerase comprising the amino acid sequence of SQ ID No.7.

20 In association with the ninth aspect of the present
invention, the present application provides a DNA sequence
encoding the amino acid sequence of SQ ID No.6 or 7, and a
recombinant vectors carrying such DNA sequences, respectively.

As such vectors, there are provided recombinant plasmid pDP5b17

25 carried on Escherichia coli HMS174 (DE3)/pDP5bl7 (FERM BP-



pol ymerase conprising the am no acid sequence of SQID No.7. 20 In

association with the ninth aspect of the present I nvention, the
present application provides a DNA seguence encodi ng the am no acid
sequence of SQID No.6 or 7, and a o5l econbi nant vectors carrying such
DNA sequences, respectively. As such vectors, there are provided
reconbi nant plasm dpDP5bl 7 25 carried on Escherichia coli HVB174
(DE3) / pDP5bl 7 ( FERM BP- 25

6189) (vector carrying the DNA sequence encodi ng the am no acid )
sequence 830 (PPRECT)CRE 1S LHRRNMACIHPASR P EPRETE the ambpo acid gn

Escherichia coli HVE174 éDE3) / pDP5C4 (FERM BP- 6190) (vector carrying
the DNA sSQRBIRNCARENR A NPel hnRARd reAniqtpnrd b asmid pDPSCA (cprid.ed) .
Still furthernmore, it is provided a nethod for producing a DNA

pol ymer as@n EsaperichdacepiuiiMed 74 (i 3) ApRRETH(FERMBPRE6190) (wmeckoyr essi on
vector carrying the DNA sequence and isolating 10 and purifying the
obj ect i ve canzyimnrebdub¥4 sequencd tanapding thedamimo acid sequenddi@firet hod
for predicting a protein functional site in accordance with the first
I nvent on dpasheen st abl i shed on 15 a priceple as follows. A protein is
conposed of a sequence of twenty am no acids, but the sequence is not
random Hence, t he frequency of occurrence of a specific oligopeptide
as a partial am no acid sequence in the entire proteins encoded by
Still furthermore, it is provided a method for producing
a DNA polymerase, comprising culturing a cell transformed with
an expression vector carrying the DNA sequence and isolatihg
10 and purifying the objective enzyme produced in a culture

medium.

The method for predicting a protein functional site in
accordance with the first invention has been established on

15 a priceple as follows. A protein is composed of a sequence
of twenty amino acids, but the sequence is not random. Hence,

the frequency of occurrence of a specific oligopeptide as a
partial amino acid sequence in the entire proteins encoded by
genocme derived from an appropriate organism species is not

20 constant, but some oligopeptides occur at high frequencies in
various proteins while other oligopeptides rarely occur
therein. It is recognized that among them, oligopeptides
highly frequently occurring in common to various proteins do

not have any potency to determine the uniqueness (specificity)

25 of individual proteins, namely any potency to determine the



genone derived froman appropriate organi smspecies is not 20 constant,

but sone ol i gopeptides occur at high frequencies in vari ous proteins
whi | e ot her ol igopeptides rarely occur therein. It is recognized that
anong them oligopeptides highly'géequently occurring in comon to
various proteins do not have any ‘potency to determ ne the uni queness
(specificity) 25 of individual proteins, nanely any potency to determ ne

t he 26 functions, while

ol i gopepti des occurring at |ow frequencies adversely determ ne the

uni quenesfuar@ipnsget FbadeoPligepepdides occupréngi as. low frequentiess
suggested that the functional site of proteinis 5 conposed of
ol i gopept rdesrsedyrde permine dhe veigeanees and funddilons i hglividoger

ol i gopepti des, nore rarely occurring, i ncrease in nunber. |In other
wor ds, ol pgopephisde of | ength (n+l1) as shown in the step (3) according
to the nethod of the first invention is nostly the shortest

ol i gopepti de ogeuiki Bggge@taid ahhewtheequaaeyonandsike e&l pubtbed is
functional value Zj of ~amno-acid residue Aj at an appropriate

posi tioNn koipokl8 of dlliighpagitidls | scthercagf fd€i adke Ofrb§BenecHsr ENCE
(nanely, the representative value of the function) of the

anm no- aci grasikdefally, Alordferd 81 iRASHdp1OHes 15nore rarelyASEQLgEREgL O the
met hod for predicting the protein functional site in accordance with

the secongdnicRuglk! 9/ nlB®er. In other words, oligopeptide of length
(n+l) as shown in the step (3) according to the method of the
first invention is mostly the shortest oligopeptide occurring
10 at a low frequency, and the calculated functional value Zj of
amino-acid residue Aj at an appropriate position j in the
oligopeptide is the coefficient of the occurrence (namely, the
representative value of the function) of the amino~-acid residue

Aj at the position.

15

According to the method for predicting the protein
functional site in accordance with the second invention, the
contribution degree of the amino-acid residue Aj to the
frequency of the occurrence of Aj-oligopeptide can be evaluated
20 on the basis of fhe ratio Yji of the frequency of the occurrence
of the Aj-oligopeptide to that of the Xi~oligopeptide as shown
in the step (3), and thus, the calculated functional value
Z{(j,n) of the amino-acid residue Aj at an appropriate position
of a protein serves as the coefficient of the occurrence of

25 the amino-acid residue Aj at the position (namely, the



contribution degree of the am no-acid residue Aj to the frequency of
the occurrence of Aj-oligopeptide can be evaluated 20 on the basis of the
ratio Yji of the frequency of the occurrence of the A -oligopeptide to
that of the Xi-oligopeptide as shown in the step (3), and thus, the
cal cul ated functional val ue Z (j,%} of the am no-acid residue A at an
appropriate position of a protein serves as the coefficient of the
occurrence of 25 the amno-acid residue Al at the position (nanely, the
27 representative value of the function). Furt her nore,

t he val ue rRgresentakive valkgr el nghenfumetion) . speci es of ami no-acid
residue Al. In the step (7) according to the inventive nethod, the

di stribution ofFfutithéxnigre n)theavadue B (§f, shchmoies ywaivyemdimy areitie i s
determned in the entire proteins of organism™"a", to determne D(j,

n) val ue lpecies rA mino-Egideeciiduenijval Ire the tdtsehali)s arfcdrdd ngean and
standard devi ation of Z(j,n) value of each amno acid, as det er m ned

on the bagics tht ifeeftsteiduticd, thiei 8DsSLiNEEi6A ofl®khd B3l apy eLaRleat i ve
val ue of the function, after correction of t he bias due to each

am no- gci G asdchieosPewbAty amino acids iHIIddEsFRiRed! 2AJKOlndaRRPt i des,
nore rarely occurring, increase in nunber. Because the Z (j, n) and

D(j, = pHot&idiesSogerigirisnyarys, dependitrmind he (henghh (Bluve Ly
accordingl'y, the functional value W of the Z(j, n) and Ij, n) as

det er ni ned,d3h=A MAMPIShOfz (PN {dluéSofethoeHadsst BE the R @8@Ntative
val ue of the function.
standard deviation of 2Z(j,n) wvalue of each amino acid, as
determined on the basis of the distribution, which serves as
10 the representative value of the function, after correction of
the bias due to each amino-acid residue species.
Furthermore, longer oligopeptides, more rarely
occurring, increase in number. Because the Z (j, n) and D(3j,
n) values generally vary, depending on the length (n),
15 accordingly, the functional value Wj of the Z(j, n) and D(j,

n) as determined on a variety of length (n) is defined as the

representative value of the function.

The systems for predicting a protein functional site in

20 accordance with the third and fourth inventions are
individually systems for autofnatically carrying out the
methods in accordance with the first and second inventions;

the methods for modifying protein in accordance with the £fifth

and sixth inventions are methods for preparing mutant proteins

25 Dby substituting the amino-acid residue at the functional site



The systens for predicting a protein functional site in 20 accordance
with the third and fourth inventions are I ndi vidual |y systens
for automatically carrying out the met hods i n accordance with the
first and second inventions; t he thods for nodifying protein in
accordance with the fifth and si X I nventions are nethods for
preparing nutant proteins 25 by substituting the am no-acid residue at
the functional site 28

predi cted by the nethod of the first invention with another am no-acid
resi due. $redicted par thehamehhadh @t Shenfdirsy Agventioa pidheianoither
accordance with the seventh invention is a nethod for preparing a

mut ant pr améne-ayeislresiidwe .ngSthél afnther) dche methexl diosr abdifging
functional site predicted by the nmethod in accordance with the second
i nventi onawbtbtabntireacatmiarass dith the exdvédueth nveatdpdabs ea wettholdhe
present invention, a novel t hermophi | i ¢ DNA pol ynerase (the eighth and

ninth i nvewid ppéparing & Smptavt gedtas nabPlids €k Wt Dhgithe ak@no-acid The
term "DNA pol ynmerase” is the generic nane of enzynes catal yzing the

synt hesi s r@fsigud\athene €oApLiaRALAEY thO predicted NGy etivéragdra4dDNA DNA
pol ynerase is an essential enzyne for DNA sequencing and in vitro DNA

anpl i fi caticdrdaite 2 th' ther 8886 | hvdN Lo MWW AP ther SmihBewtiabl e
for PCR (pol ymerase chain reaction) in terns of the automation of a
series of dag fiRACt TANaekek@Snce with the present invention, a novel
thermophilic DNA polymerase (the eighth and ninth inventions)
is provided as a modified protein.
10
The term “DNA polymerase” is the generic name of enzymes
catalyzing the synthesis of a DNA chain complimentary to a
single-stranded DNA. DNA polymeraée is an essential enzyme
for DNA sequencing and in vitro DNA amplification, and
15 “thermophilic DNA polymerase” is inevitable for PCR
(polymerase chain reaction) in terms of the automation of a
series of the reaction cycles.
Such thermophilic DNA polymerase includes known ones, for
example Tag, Pfu, KOD, which are separately used, depending
20 on the characteristic performance. Pfu DNA polymerase in
particuiar has been known as an lenzyme with an extremely low
frequency of erroneous reading during the synthesis of DNA
strands (at a high fidelity). However, the Pfu DNA polymerase
is inappropriate for the amplification of polymeric DNAs such

25 as genome DNA, because the synthetic DNA yielded by the Pfu



Such thernophilic DNA pol ynerase includes known ones, for exanpfe Taq,
Pfu, KOD, which are separately used, depending 20 on the characteristic

perfornance Pfu DNA pol ynerase in particul ar has been known as an
enzyme with an extrenely | ow freqyﬁncy of erroneous reading during the
synt hesi s of DNA strands (at a high fidelity). However, the Pfu DNA

pol yner ase IS i nappropriate for the anplification of polynmeric DNAs
such 25 as genone DNA, because the synthetic DNA yielded by the Pfu

29 ynerase is low and the activity thereof to elongate a
synt het i CDNéhEPEY‘“Ie§aS|9n§§f trvi apd . the agisvity Hdiegaafk &et elongagephi cati on
provides a novel Pfu DNA pol ynerase prepared according to the nethod
of the fisymthetdst | ghains is insufficient. BRrEs, DESIOR| PPFEkeQE

DRAW NGS Fig.1l depicts graphically the individual frequencies of
t he occur eppdésadfianl igopepdeses afovalngPhz BNAM wolyierasel prepatbd

di stributions of the individual frequencies thereof 10 according to the
nmet hod of atdeeridimgt tonvdre imethod of the fifiLl? idepdrctisoran exanpl e of an

am no aci d sequence of a | engt h of 20, and exanples of A -oligopeptide
of a Igngth of 4, containing the am no-acid residue Met at position 5
in the sequence and exanpl es of Xi-oligopeptides; 15 Fig.3

depicts graphically the BrRAIEF OBR3CRIPeqoUsNOFEDRAWINGS the occurrences of
ol i gopepti des of lengths of 2, 3, 4 and 5,

Fig.l depicts graphically the individual frequencies of
the occurrences of oligopeptides of lengths 3, 4 and 5, and
the distributions of the individual frequencies thereof

10 according to the method of the first invention;

Fig.2 depicts an example of an amino acid sequence of a
length of 20, and examples of Aj-oligopeptide of a length of
4, containing the amino-acid residue Met at position 5 in the
sequence and examples of Xi-~oligopeptides;

15 Fig.3 depicts graphically the individual frequencies of
the occurrences of oligopeptides of lengths of 2, 3, 4 and 5,
and the distributions of the individual frequencies thereof
according to the method of the second invention;

Fig.4 depicts an examplé of the flow chart for conducting

20 the step (1) of the method of the second invention;

Fig.5 depicts an example of the flow chart for conducting
the steps (2') to (3) of the method of the second invention;

Fig.6 depicts an example of the flow chart for conducting
the'steps (4) to (5) of the method of the second invention;

25 Fig.7 depicts a distribution of the frequency of Z (j,



and the distributions of the individual frequencies thereof accordi ng

to the nmethod of the second invention; Fig. 4 depicts an exanple
of the flow chart for conducting 20 the step (1) of the nethod of the
second i nvention; Fig.5 depigts an exanple of the flow chart for
conducti ng the steps (2') to (3) of the nmethod of the second

I nventi on; Fig. 6 depicts an exanple of the flow chart for
conducting the steps (4) to (5) of the nethod of the second i nventi on;
25 g 7 depicts a distribution of the frequency

30 3) f gah@f Fhref DA AGLESI d§eeskelay) owccaeebﬂa. BQ &he t he

net hod of the second invention, wherein the solid |line expresses the

di stri buthebhed fat the | seferi ABVERtdpn t Hehereingdihedspilid edntesses
the distribution of that of al anine 5 (Ala); and the alternate | ong and
short dasaxpraeseapthssdtstributhend®§tthbbt¢fﬁi$¢le¢m¢nef(hbehidﬂkme
(Met); Fi g. 8 depicts an exanple of the flow chart for conducti ng
the step ddttedl fheenebipobsHed hehsediatrilbweidnonf that of aFargirte depicts
an exanple of the flow chart for conducting 10 the step (8) of the nethod
of thé& se¢abd) ; nepdt tha; alternate 1éng.add sleprttidasin Bxmapderdsdde fl ow

chart for conducting the step (9) of the nethod of the second
i nventi onthe distribuEignlbdfdepatt sfamblchslondinagr(daet)l;l ustrating the system
of the third invention; 15 Fi g.12 depicts a bl ock diagram

illustrating thegsgsdéiticts arDéxampléldf dhenFEsW ichirt for conducting
the step (7) of the method of the second invention;

Fig.9 depicts an example of the flow chart for conducting

10 the step (B) of the method of the second invention;

Fig.10 depicts an example of the flow chart for conducting
the step (9) of the method of the second invention;

Fig.1l1l depicts a block diagram illustrating the system
of the third inwvention;

15 Fig.12 depicts a block diagram illustrating the system
of the third invention;

Fig.1l3 depicts the electrophoresis results of
conventional Pfu DNA polymerase and KOD DNA polymerase,
indicating the primer elongating activities thereof;

20 Fig.1l4 depicts a distribution chart of the plotted Zj =
-log¥j value for the whole amino acid sequence of the a-type
DNA polymerase encoded by MJ0885, which value is calculated
by the first invention;

Fig.1l5 depicts a distribution chart of the plotted Zj =

25 -logY¥]j value for partial sequences (motif A and motif C) of



Fig.13 depicts the electrophoresis results of conventional Pfu
DNA pol ynerase and KOD DNA pol yner ase, i ndi cating the priner

el ongating activities thereof; 20 Fig.14 depicts a distribution
chart of the plotted Zj = -1 ogY] walue for the whole am no acid
sequence of the a-type DNA pol ynerase encoded by MJ0885, which val ue
I's cal cul ated by the first invention; Fig.15 depicts a
distribution chart of the plotted Zj 25 -logYj] value for parti al
sequences (notif A and notif

0 o . : : . .
31 MR PRA RS aega&&éq)%c%tt BP1Gh e ShEtHBRFL B TRAT T AS T shown
in Fig. 14;. Fig.16 depicts a frequency distribution chart of the

Zj =in G- VAfue calculated on the basis of the anino acid 5
sequence of the a-type DNA pol ynerase encoded by M]J0885; Fig. 17
depi cts al i gnmefitg ehardepi?ts e fnfquensy distribygdeanebarsf of hehe (7 vi dual
motif Cs fromthe a-type DNA pol ymerases Pfu, KOD and M,
Fi g. 18 dept ctiodifat Madine orrk¢iakatedfonhghpl dasdsd AL =the( amilngy ¥cidal ues
for the individual notif Cs of the a-type DNA pol ynmerases Pfu, KOD and
M ; 5 sequénge 16f debecustypet PNBupbdymehasesentotied plyottie@88al ues
of W = 2Z(j, 3) - Z(j,1) (insolid line), W = 2Z(j, 4) - Z(j, 3) (in
dotted line) anBigY1# Hepidhs - aZignmedk (chmnts eraft €helSaminag sadidi short
dash line) of the 100 residues fromthe N term nus of the whole am no
aci d sequessguaxicédeods- thhee DN vidual motif Cs from the o-type DNA
polymerases Pfu, KOD and MJ;
Fig.18 depicts distribution charts of the plotted Zj =
10 -log¥j values for the individual motif Cs of the a-type DNA
polymerases Pfu, KOD and MJ;
Fig.19 depicts distribution charts of the plotted values
of Wj = 2(3, 3) — Z2(3,1) (in solid line), Wj = Z(3, 4) - 2(3,
3) (in dotted line) and Wj = 2(3j, 5) - Z (j, 3) (in alternate
15 1long and short dash line) of the 100 residues from the N-
terminus of the whole amino acid sequence of the a-type DNA
polymerase encoded by MJ0885, and these values are calculated
by the method of the second aspect of the present invention;
Fig.20 depicts distribution charts of the plotted value
20 W3j=2(3,5) -2 (j, 3) for partial sequences (regions comprising
exol, exoIl, motif A, motif B and motif C) of the amino acid
sequence of the a~type DNA polymerase encoded by MJ0885;
Fig.21 depicts distribution charts of the plotted values
of Wj = D(j, 3} (in dark color) and Wj =D (3j, 5) (in pale

25 color) for partial sequences (regions comprising exoI, exolI,



pol ymer ase encoded by MJ0885, and these val ues are cal cul ated by the
nmet hod of the second aspect of the present invention; Fi g. 20
depicts distribution charts of the plotted value 20 W =2Z(j, 5 - Z (j,
3) forpartial sequences (regions conprgsing exol, exoll, notif A
notif B and notif C) of the am no acid sequence . of the a-type DNA

pol ynerase encoded by MI0885; Fig.21 depicts distribution charts
of the plotted val ues of W = D(j, 3) (in dark color) and W = D (]

5 in pale 25 <color)_for rtial_ sequences (regi ons conprising exol,
ez(ol(l P motif A, moti)f B an%amotell.f C)qof t%e gglg%o acid gpmﬁepc% ofptif B

and notif C) of the am no acid sequence of the a-type DNA pol ynerase
encoded byEhei@sgiyre DNA polymerase erepded Y MJIPB887on charts in dark
col or of the _ positions of amino-acid residues with W =D (j, 3) of 2
or 5 nore or Ffg.2%dardisig diskheibwtdendchanssohal datk ieeloe off thee
am no aci d sequence of enol ase encoded by MI0232 on a
t hr ee- di mpesiidriainss tofl @mimeo ratied ;residues with FR3F defgicty afhe oresul ts
of el ectrophoresis, indicating the priner elongating activities of
the 19 oexrecotri ofid okf LeBblApdherthaee-dumedsippel strutcteraumst fthed
Pfu DNA polynerase | of the present invention; and Fig. 24
depicts thfing eaditls sefuertectafopbnotsasa, encodedidibgat MOQ2Bhe d¢xi i ger
el ongating activities of the conventional Pffu DNA polynerase (wld
type) and thiedvrlliddrafionll FErudiNApahgdar ases |1 and |11 of the present
i nventi on.
Fig.23 depicts the results of electrophoresis,
indicating the primer elongating activities of the
10 conventional Pfu DNA polyfnerase (wild type) and the modified
Pfu DNA polymerase I of the present invention; and
Fig.24 depicts the results of electrophoresis,
indicating the primer elongating activities of the
conventional Pfu DNA polymerase (wild type) and the modified

15 Pfu DNA polymerases II and III of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
The method for predicting a functional site of a protein
in accordance with the first invention 1is a method for
20 predicting the functional site of a protein of organism "“a”
with a known genome data or cDNA'analysis data, in the entire
putative proteins of the organism "a”, essentially comprising

the following steps (1) to (6).

25 Step (1):



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The net hod for

predicting a functional site of a protein I n accordance with the first
invention is a nethod for 20 predicting the functional site of a protein
of organism"a" with a known gengse data or cDNA anal ysis data, in the
entire putative proteins of the organism"a", essentially conprising
the following steps (1) to (6). 25 Step (1):

33 By cal culating the frequency of the occurrence of each

a”? no aci_d and%? htgau 1%)9% eéh f &cﬁ; rc!ie &écﬂ%ﬁ%@u@ﬂ' each

ol i gopepti des am no aci
am no aci d sequences

'+ hg entlre rot Qs of the 5 or ani 1
ol i gopeptFH? &g a?‘ﬁ) heg H%?’é??ﬁ"’n € OCCUrTRACT%R g cf’ﬁﬁlcﬁka
determ ned, then, as the s integer satjsfying the follow n
ol ol notigopaptides Fraii, ﬁ%eﬁﬂn& ASeR tﬁwtzﬁyygwmﬁm&s of

ol i gopeptides that occur once in the entire proteins is smaller
than t he Hunbe 8PiBPi §Gshtiemenges of the entlrSc?EPtF%P§eqﬁ1§W%aentlre
proteins; anong ol i gopepti des of length (n+l), the nunber of

ol i goPepterEanismt "acukhenetigApen véﬁt%eegbhot(é?nss determined.is | arger

t han the nunber of oligopeptides that 15 occur twice in the entire
prot eins. The length (n) is determined, then, as the smallest

he

integer satisfying the following criteria:
“Among oligopeptides of length (n), the number of
oligopeptides that occur once in the entire proteins
10 ' is smaller than the number of oligopeptides that
occur twice in the entire proteins; among
oligopeptides of length (n+l), the number of
oligopeptides that occur once in the entire proteins
is larger than the number of oligopeptides that

15 occur twice in the entire proteins.”

For example, Fig.l depicts distribution charts of the
frequencies of the occurrences of oligopeptides of a length
of 3, oligopeptides of a length of 4 and oligopeptides of a
20 length of 5, in the entire proteins encoded by the genome of
a microorganism Methanococcus jahnaschii (Bult et al., Science
273, 1058-1073, 1996) . In the case of the three types of length
of the oligopeptides shown in Fig.1l, the smallest n in the step
(1) is 3.

25



For exanple, Fig.1l depicts distribution charts of the frequenci es of
the occurrences of oligopeptides of a |length of 3, oligopeptides of a
|l ength of 4 and oligopeptides of a 20 Ilength of 5, in the entire proteins
encoded by the genone of a m crooggani sm Met hanococcus j annaschi i
(Bult et al., Science 273, 1058-1073, 1996). In the case of the three
types of length of the oligopeptides shown in Fig. 1, the smallest n
in the step (1) is 3. 25 34
Step (2): . G ven that the j-th amino-acid residue fromthe N
terni nus §tePhdZdri no acid sequence of length (L) of the protein as a
subject for predicting a functional site is described here 5 as A
(n+1[err]j[err]1Giyen Ehats thguehdih AMRLIAFEHcEeFLdNep 1™y the N-
sequence of the amino acid sequence of the protein, which sequence
cor r espondermd nuseof diheomnhgo Acigl sgapepce ¢ bength (Leaftthq proyrein
containing the j-th am no-acid residue A ; Aj - ol i gopepti de:
ajlaj2 ..as aAublect fogjprediering alfunctional) wideei n delfamriied berpn+1; A
= Ai; and Al is the i-th resi due of the oligopeptide), and
t he frequascgjofnth& pEdum)entbeofregeenoy| afiiomrugrence ofla gepephilde of
| ength (n+1); Xi-oligopeptide: ajlaj2 .... . Xji .... .ajna (n+l)
sequence of the amino acid sequence of the protein, which
sequence corresponds to the following Aj-oligopeptide of
length (n+l), containing the j-th amino-acid residue Aj;
Aj-oligopeptide: ajlaj2....Aji....ajnaj(n+l)
10 (wherein, 1=i=n+l; Aj = Aji; and Aj is the i-th
residue of the oligopeptide),
and the frequency of the occurrence of the following Xi-
oligopeptide of length (n+l1):;
Xi-oligopeptide: ajlaj2....X3ji....ajnaj(n+l)
15 (wherein, the i-th residue Xji is any amino acid)
should be determined in the entire proteins of the organism
“all.
Such Aj-oligopeptide and Xi-oligopeptide can be
illustrated for example in Fig.2. The upper row (1) in Fig.2
20 expresses in single letter code the partial sequence from the
N-terminus to the 20-th amino-acid residue of the putative
amino acid sequence speculated from the gene MJ0885, which is
believed to encode the a-type DNA polymerase of Methanococcus

jannaschii (Bult et al., Science 273, 1058-1073, 1896); the

25 middle row (2) expresses examples of Aj-oligopeptide of a



15 (wherein, the i-th residue Xji is any am no acid) shoul d be
determned in the entire proteins of the organism "a". Such
Aj - ol i gopepti de and Xi-oligopeptide can be illustrated for exanple in
Fig.2. The upper row (1) in Fig.2 2 expresses in single |letter code the
partial sequence fromthe N-termnus to the 20-th am no-acid residue
of the putative am no aci d sequence specul ated fromthe gene MI0885,
which is believed to encode the [err]-type DNA pol ynerase of

Met hanococcus jannaschii (Bult et al. , Science 273, 1058-1073, 1996);
the 25 lehdttheofoly (DN taxdpriges sbeeRathlaming-a¢idHnesdishin Me& (9 4n

35 | ength of 4, containing the 5-th am no-acid residue Met (M in

t he am nehacalisegusint sequesthddreandwshd Iowso (BB) té ukGhdnrisblegnbelow express
exanpl es of Xi-oligopeptide containing the 5-th am no-acid residue M
S Skepreds: examples o2l Ril-aliggpeptideYjdomntaimend r edueenbytbf the
occurrence of the A -oligopeptide to that of the X -oligopeptide.

10 Stepgfdho-acid residlzeMrean Yj of the Yji is calculated as follows.
n+1 Yj =T[err] Yji /(n+l), i=1 15

5
Step (3):
Calculating ratio Yji of the frequency of the occurrence

of the Aj-oligopeptide to that of the Xi-oligopeptide.

10 Step (4):

The mean Yj of the Yji is calculated as follows.

n+l
Yy =2 Yjii /(n+l),
i=1

15
Step (5):

Monotonously decreasing functional value or monotonously
increasing functional value 2j of Yj is determined as follows;
zj = £(Y3).

20 The Zj value is defined as a representative value of the
function of the j-th amino-acid residue of the amino acid
sequence of length (L).

Step (6):
25 . By subsequently repeating the steps (2) to (5)

sequentially and determining the Zj value of each of all the



Step (5): Monot onousl y decreasi ng functional val ue or

nonot onousl y I ncreasing functional value Zj of Y] is determ ned as

fol |l ows; Zj =f(Yj). 20 The Zj value is defined as a
representative value of the function of the j-th am no-acid residue of
the am no acid sequence of length (L). Step (6): 25 By
subsequently repeating the steps (2) to (5) sequentially and
determ ning the Z value of each of all the

36 am no-acid residues at position n+;Lgrer]gLerr]L-n, t he degree
of the amipgrgicichERsignesah PAsLid oAyl Reb=dudr/i Rheregrpr afokhef t he
protein is predicted by using the dinension of the Z value as an

i ndi cat or involeremendi Pfcaitly anjgrmastid e sidueeinothe Mingmition ofgtbé each
am no-acid residue in the context is expressed as the functional value
Zj of Y], proteigeis/prediucted by umilngatbe dimemsiohr effueheyZgfvateearrence
of the am no-acid residue if Zj is a nonotonously decreasing

functi onahsvanudndicatavhi cMeseg@gesics ftikail Iyhe baganmsactite reshose BAS

hi gher 10 responsibility over the performance of the function. If Zj

s a rpnoberauslivng N6feasidly ambAablasidadsididual iy, thel Tontextsuggested
that an am no-acid residue with a snmaller Z value has greater

responsi bikphks@el akhehbungié®ional value ziBYrerpy esiadrgdhejZrayabue of
each am no-acid residue for
indicates a lower frequency of occurrence of the amino-acid
residue if Zj is a monotonously decreasing functional value,
which suggests that the amino-acid residue has higher
10 responsibility over the performance of the function. If Zj
is a monotonously increasing function, additionally, it is
suggested that an amino-acid residue with a smaller Zj value
has greater responsibility over the function.
By expressing the Zj value of each amino-acid residue for
15 example in a distribution chart wherein the 2j value is plotted
on the vertical axis while the amino acid sequence is shown
on the horizontal axis, furthermore, the functional site can
be confirmed at a glance, which is preferable as an embodiment
for carrying out the present invention.
20
The second invention is é method for predicting a
functional site of an appropriate protein  -in the entire
putative proteins of the organism "a” with a known genome data

or éDNA analysis data, essentially comprising the following

25 steps (1) to (9).



15 exanple in a distribution chart wherein the Z value is plotted on
the vertical axis while the am no acid sequence is shown on the

hori zontal axis, furthernmore, the functional site can be confirned at
a glance, which is preferable as an engodi nment for carrying out the
present invention. 20 The Second invention is a nethod for
predicting a functional site of an appropriate protein in the entire
putative proteins of the organism"a" with a known genone data or cDNA

anal ysis data, essentially conprising the followng 25 steps (1) to (9).
Step (1) The frequency of the occurrence of each

am no acid and the frequencies of the occurrences of individual
ol i gopept$tes (1b:produced by permutations of twenty am no acids, in the

37

am no

cal cul at ed.

acid sequences of the entire proteins of the organism"a",

are

The frequéntyemfinphe, oécgrBeshewst aealtstaminbi acidhatd of the
frequenci es of the occurrences of oligopeptides of a length 10 of 3,

ol i gopept tHe F refqured gl bfafhel oaddrobhgepejt iddsvatiual oligagtined 5,

whi ch are determined in the entire proteins encoded

M Cr 0@ gapi S HBE NSY GsOEfbiba t PORa s itwe¥yY tamino aelfidk.,, 1RCtRECANIHS,
1058- 1073, 1996) on the basis of the genone

10

15

20

25

acid sequences of the entire proteins of the organism “a”, are
calculated.

For example, Fig.3 shows a distribution chart of the
frequencies of the occurrences of oligopeptides of a length
of 3, oligopeptides of a length of 4 and oligopeptides of a
length of 5, which are determined in the entire proteins encoded
by the genome of a microorganismMethanococcus jannaschii (Bult
et al., Science 273, 1058-1073, 1996) on the basis of the genome
data of the microorganism.

Fig.4 depicts an example of the flow chart for carrying

out the step (1).

Step (2):

As to a protein of organism "“a”,
Step (2):

given that the j-th amino-acid residue from the N-terminus
of the amino acid sequence of length (L) of the protein is
described here as Aj, the frequency of the 6ccurrence of a
partial sequence of the amino acid sequence of the protein,

which sequence corresponds to the following Aj-oligopeptide

by the genone of a



data of the mcroorganism 15 Fig.4 depicts an exanple of the flow
chart for carrying out the step (1). Step (2): As to
a protein of organism"a", 20 Step (2'): given that the j -th
am no-acid residue fromthe N-term nus8 of the am no acid sequence of

| ength (L) of the proteinis descri bed here as Aj, the frequency of
the occurrence of a partial sequence of the am no acid sequence of the
protein, 25 which sequence corresponds to the follow ng A -oligopeptide

38 t h ¢ < r QFil Viged "M is
t he %frrg%rf éaag)t nlgﬁl %fleegllg?dg?g%ep? I d%%%ga%{}% ;hdr%ﬂ {Cﬁ%c&f OPIIQOJ\Mé rr}%}]ie

t f th
cccur encll LehPo1angdar e 'gfig%ﬁ%ﬁf%%%‘dyégé?ﬁﬂhy T Fditouing O 10
(n[err]j[err ol . Ope

I
(wherein cxf[%?ﬂ?‘[‘éra}]]l thﬁ Ollﬂjébegﬁ’é %1}%&% Ivf]ﬁre at’ ﬂequerré?} due of
th I d.the f f h f t
foﬁ SW’ nob A ER sqegRsa %)aﬁsp@?tﬁ%elﬁ%ygﬁﬁ i BB FELROTTRY TRFAIRE | egnth

of the | Lgopept i de; Xi-oligopeptide: ajlaj2.. .Xi...
. aj Aé‘;lmk'rg‘rg‘i"ﬁr ‘the i-th residue Xji is any anino acid),
Aj-oligopeptide: ajlaj2....Aji....ajn

(wherein, 1=i=n; Aj = Aji and Aji is the i-th
residue of the oligopeptide),
and the frequency of the occurrence of the following Xi-
10 oligopeptide of the length n corresponding to the legnth of
the Aj-oligopeptide;
Xi-oligopeptide: ajlaj2....Xji....ajn
(wherein, the i-th residue ¥Xji is any amino acid),
are calculated in the entire proteins of the organism "a”.
15 In the same manner as by the method of the first invention,
such Aj-oligopeptide and Xi-oligopeptide are for example

illustrated as in Fig.2.

Stép (3):
20 The ratio Yji of the frequency of the occurrence of the
Aj-oligopeptide to that of the Xi-oligopeptide is calculated.
Fig.5 depicté an example of the flow chart for carrying

out the aforementioned steps (2') to (3).

25 Step (4):



are calculated in the entire proteins of the organism"a". 15 In the

sanme manner as by the nethod of the first invention, such
Aj - ol i gopepti de and Xi-oligopeptide are for exanple illustrated as in
Fig. 2. Step (3): 20 Th atio Yji of the frequency of the
occurrence of the Aj -ol i gopeptidéeto that of the Xi-oligopeptide is
cal cul at ed. Fig.5 depicts an exanple of the flow chart for
carrying out the aforenentioned steps (2') to (3). 25 Step (4):
39 The nean Y(j, n) of the Yji is calculated as descri bed
bel ow. The mean Y(Jjp n) of theYf{ji h§y caleuiatydi aa deScribed
I =1 Step (5): The logarithmc value Z(j, n) of Y(j, n) is
det ermi nedelow: as follows. 10 Z(j, n) = -log(Y(j, n))
Fig.6 depicts an exanpl g of the flow chart for carrying out the
af orenent i oned‘ﬁtj(?p%)(i) st q{j(i5/)n'. Step (6):

5 i=1

Step (5):

The logarithmic value Z(j, n) of Y(j, n) is determined
as follows.
10 Z(j, n) = -log(Y(j, n))
Fig.6 depicts an example of the flow chart for carrying

out the aforementioned steps (4) to (5).

Step (6):

15 By subsequently repeating the steps (2’') to (5)
sequentially, the Z2(j, n) value of each of all the amino-acid
residues at position nS£j=L-n+1 in the amino acid sequence of

length (L) is determined.

20 Step (7):

By sequentially repeating the steps (2) to (6) over the
entire proteins of the organism “a”, thereby determining the
distribution of the Z{j,n) value of each amino-acid residue
in the entire proteins, and the Z(j,n) values are classified

25 into twenty according to the twenty amino acids, and then

calculating mean Av(Aa) of the Z(j,n) values for each amino



15 By subsequently repeating the steps (2') to (5)
sequentially, the Z(j, n) value of each of all the am no-acid resi dues
at position n[err]j[err]L-n+l in the am no acid sequence of l ength (L)
i s determ ned. 20 Step (7): 40 By sequentially repeating the
steps (2) to (6) over the entire proteins of the organism"a", thereby
determ ning the distribution of the Z(j,n) value of each am no-acid
resi due inthe entire proteins, and the Z(j,n) values are classified

25 into twen according.to the twenty.amn ci.ds nd t.hen. )
ool cul ati RELAR LA SEotre T ey S b h e (Bt i dig tribution
40 acid Aa and the standard deviation Sd (Aa) of the distribution
thereof, dhaaRCihasP® dthq nkadist Afhuthrendissrdbtdimire to detgrdingn g to
the j-th am no-acid residue Aj of a protein for _normalizing the
di ff erenc€unetiion g bot £be Hukh ininpragictiresidue 30 afi acretein &ordues is
det er mi ned,; o g =2, n, A) =1[2(j, n) - Ad(Aa)]/ Sd(Aa)
(whr er ei nnogmalifging the differefge X aifsita1 bty oy dy@ptot thean sghestimisbut i on
of the frequency of Z (j, n) for three species of am no acids, nanely
i sol eugi nef Enindta)id atesidees (% ajetednimedii onine (Met), in the entire
proteins encoded by the genone of Methanococcus jannaschii (Bult et
al ., Science 2%3,= 10566} 1078, APP6Gr. [Basednpn- tad(Aa) ]1/8d¢Aa) bution, the
mean and standard deviation of the Z(j, n)
{whrerein, Aj = Aa).
For example, Fig.7 depicts adistribution of the frequency
of Z (3, n) for three species of amino acids, namely isoleucine
10 (Ile), alanine (Ala) and methionine {Met), in the entire
proteins encoded by the genome of Methanococcus jannaschii
(Bult et al., Science 273, 1058-1073, 1996). Based on the
distribution, the mean and standard deviation of the Z(j, n)
values for an amino acid isoleucine (Ile), namely Ad (Ile) and
15 Sd(Ile), respectively, are determined as Ad(Ile) = 3.16 and
Sd(Ile) = 0.17, and the function g for Aj = Ile is determined
as follows.
g= (Z(j, n), Aj) = (2(3, n) — 3.16)/0.17
Fig.8 depicts an example of the flow chart for carrying

20 out the step (7).

Step (8):
The value D(j, n) of the function g of each of all the
amino-acid residues Aj at position n=j=L-n+lin the amino acid

25 sequence of length (L) as recovered in the step (7) 1is



val ues for an am no acid isoleucine (lle), nanely Ad (Ile) and 15

Sd(1le), respectively, are determned as Ad(lle) = 3.16 and Sd(lle) =
0.17, and the function g for A/ = Ile is determ ned as foll ows.
=(Z(j, n), A) =(Z(j, n) - 3.16)/ 17 Fig.8 depicts an
exanple of the flow chart for carrying 20 out the step (7). Step
(8): The value D(j, n) of the function g of each of all the
am no-acid residues Aj at position n[err]j[err]-L-n+l in the amino acid 25
sequence gf (L) as recovered in the step (7) is
41 o5& ermne’d Dj, n) =g (z(j, n), A).
Fig.9 depicts gn( .exanpl_e of(zwe fl)owc art for carrying out the step
(8). 5 (gp Re )functi onal val ue V\j’ of the Z (j, n)
value and the D ) valuels detgrmneqasfo W =
h(z(j, 1), Z(J,F .9 deplcj% anwxaxﬁ?}eﬁ o_ﬁ)chart fg)r carry;_;xlg M)
By defining the val ue of the W as the represent ative val ue of the
function &% A8g S4ePari®lo- acid residue in the amino
5
Step (9):

The functional value Wj of the Z(j, n) value and the D(j,
n) value is determined as follows.

Wiji=h(z(, 1), 2(,2),...,2(3,M),D(3,1),D(],

10 2),..., D{(3, M)

By defining the value of the Wj as the representative value
of the function of the j-th amino-acid residue in the amino
acid sequence of length (L), the degree of the responsibility
of each amino-acid residue over the function of the protein

15 is estimated by using the dimension of the Wj wvalue as an
indicator.

Fig.10 depicts an example of the flow chart for carrying
out the step (9). By expressing the Wj value of each amino-acid
residue for example in a distribution chart wherein the Wj value

20 1is plotted on the vertical axis while the amino acid sequence
is shown on the horizontal axis, furthermore, the functional
site can be confirmed at a glance, which is preferable as an
embodiment for carrying out the present invention.

If the three—dimel_'lsional structure of the protein as a

25 subject for predicting the functional site is known or if a



acid sequence of length (L), the degree of the responsibility of each
am no-acid residue over the function of the protein 15 is estimted by
usi ng the dinmension of the W value as an i ndi cator. Fig. 10
depicts an exanple of the flow chart fae carrying out the step (9). By
expressing the W val ue of each am no-acid residue for exanple in a
distribution chart wherein the W value 20 is plotted on the vertical axis
while the am no acid sequence is shown on the horizontal axis,

f urt her nor rég_edirhlgg;iggg%b%%ruC n‘%} e S \Pecont s E@Sﬂhé&pé‘)ég%%?&?rp\yemm icgn.

is preferabl'e as an FAEnt T of carryirng ou
I f the three-dinensional _structure of th rotein.as a .25 subj.ect for
predi ct i ngF IR f’\?ﬁi‘ﬂ‘%néf oﬁiwpé%ngﬁﬂoﬁ?&fmgeqlng flethda’ ¥ ’
42 t hr ee- di nensi gnal _ structure nodel thereof can be prepared by
known net RERCRESGINERanpf e, ER6noF 3G nodBltPRgatetRad, Sonfgyence on
Proceedings of the Fifth International Conference on Intelligent
Syst ens f oFn il beeRF DIty fordaleculanBRixd®gy, 189%7heS diZt4133R)ion is
expressed on the three-di nensi onal structure, whereby a spati al
arr ang@nenthef drtniibitirn d 1s exprssged o@na thmditdee wiinenfhanal
functional site can be confirmed, which is preferable as an enbodi nment
for carryisgructureyt whasebyvantdratiali(arrangement TAE & aminyawidn is a
system for automatically carrying out the nethod for predicting a
functi onalresidué nasceorandidate of a novel functional site can be

confirmed, which is preferable as an embodiment for carrying

out the invention.

10
The third invention is a system for automatically carrying

out the method for predicting a functional site in accordance

with the method of the first invention, at least comprising

the following units (a) to (g) for conducting the steps (1)

15 to (6) of themethod of the first invention, as shown for example

in the composition example in Fig.1ll.

Quter memory unit (a):
Unit memorizing the amino acid sequence data of a protein
20 or an existing protein data base for use in the step (1) the

first invention.

Calculation/memory unit (b):
Unit, composed of CPU calculating the frequencies of the

25 occurrences of individual oligopeptides as determined in the



with the nmethod of the first invention, at |east conprising t he
followng units (a) to (g) for conducting the steps (1) 15 to (6) of the
met hod of the first invention, as shown for exanple in the conposition
exanple in Fig. 11. Quter nmenoryd3nit (a): Unit menori zing
the am no acid sequence data of a protein 20 or an existing protein data
base for use in the step (1) the first invention.

Cal cul ation/menory unit (b): Unit, composed of CPU cal cul ati ng

Lhe I' eQURRGELP T difa o AP GHL EHIARS tnb Mllntd A8k Gld BAREANLETENAS

det erm ne te
(1, and ge%%gggy unit having the nenory of the cal culation results.
Cal cul ati onfmendry unit (c): 5 Unit, composed of CPU cal cul ating
the small est |l ength (n) of oligopeptides as determned in the step (1)
and a nenory unit having the nenory of the length n.

Cal cul atigon/nmenqory unjt (d): 10 Unit, conposed of CPU cal cul ating
the the fF@&&Qﬂ%ﬁé994m9m°gy(ﬂﬂﬁﬁr%ﬁce of each amino acid and the
frequenci es of occurrence _
5 Unit, composed of CPU calculating the smallest length (n)
of oligopeptides as determined in the step (1) and a memory

unit having the memory of the length n.

Calculation/memory unit (d):

10 Unit, composed of CPU calculating the the frequencies of
occurrence of each amiﬁo acid and the frequencies of occurrence
of Aj-oligopeptide and Xi-oligopeptide in the entire proteins
as determined in the step (2) and a memory unit having the memory
of the calculation results.

15
Calculation/memory unit (e):

Unit, composed of CPU calculating the Yji wvalue as
determined in the step (3) and a memory unit having the memory
of the Yji value.

20 Calculation/memory unit (f):

Unit, composed of CPU calculating the Yj wvalue as
determined in the step (4) and a memory unit having the memory

of the Yj wvalue.

25 Calculation/memory unit (g):



of Al -oligopeptide and Xi-oligopeptide in the entire proteins as

determned in the step (2) and a nenory unit having the nenory of the
calculation results. 15 Cal cul ation/menory unit (e): Unit,
conposed of CPU calculating the Yji vajae as determned in the step
(3) and a nenory unit having the nmenory of the Yji value. 20

Cal cul ation/ menmory unit (f): Unit, conposed of CPU cal cul ati ng
the Y} value as determned in the step (4) and a nmenory unit having

t he menory of the Y] value, 5 | cul.ation/_meno, ni.t _(9):

44 Undtr  SeRhRERt G CBY R TR e 1 e, £ o el %A
determned in the ste S nd nmory unit having.the nenory of Zj.
5 aatermaaen, B 1 afeRsl Gob APEPEgal f iat Thaepemory” b
provided with the following display unit (h) in a preferable

embodi menPf 23 Display unit (h): Unit displaying the Zj value
of each am no-acid residue 10 recovered in the calculation/nmenory unit (Q)
in a distribution chart.

5 Additionally, the system for predicting a functional site
is provided with the following display unit (h) in a preferable
embodiment.

Display unit (h):
Unit displaying the Zj value of each amino-acid residue
10 recovered in the calculation/memory unit (g) in a distribution

chart.

The system of the present invention may be equipped with
keyboard (i) and control unit (j) and the like as illustrated

15 in Fig.1ll, in addition to these units (a) to (h).

According to the fourth invention, the system for
predicting a protein functional site 1is a system for
automatically conducting the method of the second invention,

20 at least comprising the following units (a) to (i) for carrying
out the steps (1) to (9) accordirig to the method of the second

invention, as shown in the composition example in Fig.l1l2.

Outer memory unit (a):

25 Unit memorizing the amino acid sequence data and an



The syst
and cont
addi tion
i nventio
system f
i nventio
carrying
second
Quter ne
data and
protein
(b):
occurren
and a ne
Cal cul ati
t he fgeq
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15

20

25

em of the present invention may be equi pped with keyboard (i)

rol unit (j) and the like as illustrated 15 in Fig.1ll, in
to these units (a) to (h).

or automatical ly conducting the method of the second
n, 20 atleast conprising the follow ngunits (a) to (i) for

out the steps (1) to (9) according to the nmethod of the

S e A bl %, SRHRTER L0, SEAIPAD) 101 o Sequence
an 45 exi sting

data base for use in the step (D). Cal cul ation/ menory unit
cO osed of U cal culating the frequencies of the

ni t
Cad st atian/i %1 obetR) es as determined in the step (1)

mory unit having the memory of the calculation results.

i on/ mitfgrYy GRFPOEEP of PV calcuj-@rﬁltng EBRpOSRAUBRCERE) Laltksl at i ng

uenci es of
occurrences of individual oligopeptides as determined in the

step (1) and a memory unit having the memory of the calculation

results.

Calculation/memory unit (c):

Unit, composed of CPU calculating the frequencies of
occurrence of each amino acid and the individual frequencies
of the occurrences of Aj-oligopeptide and Xi-oligopeptide in
the entire proteins as determined in the step (2') and a memory

unit having the memory of the calculation results.

Calculation/memory unit {d):
Unit, composed of CPU calculating YJji as determined in
the step (3) and a memory unit having the memory of the Yji

value.

Calculation/memory unit (e):
Unit, composed of CPU calculating the Y (j, n) value as
determined in the step (4) and a memory unit having the memory

of the Y(j, n) value.

According to the fourth
n, the systemfor predi cgasng a protein functional site is a

5



occurrence of each am no acid and the individual frequencies of the

occurrences of Aj-oligopeptide and Xi-oligopeptide in the entire
proteins as determned in the step (2') and a nmenory unit having the
menory of the calculation results. 1%4g Cal cul ation/ menory unit (d):
Unit, conmposed of CPU calculating Yji as determned in the step (3)
and a nenory unit having the nenory of the Yji val ue. 20

Cal cul ation/menory unit (e): Unit, composed of CPU cal cul ati ng

the Y(j, val ue.as deter.nm in the step (4) and a nmenory unit

havi ng thg;ﬁﬁﬂéﬁ?rl°“/me8‘|°r¥hém‘%g n‘%ﬂ) value. 25

46 Cal cul ation/ menmory unit (f); ) Uni t, conposed of CPU

cal cul ati ng thQnZﬁ',cHTPV§F§g°§éCPU cajepdptiRgdthR €Hd - sPép¥ai8e 3Ad (6)
and a nenory unit haying the menmory of the Z(j, n) value. 5

Cal cul ati@ﬁ%ﬁé’%ﬂ?duhf‘t hg)steps (3) anc{Jnﬁﬁi), agshpoFendosy BpUtcha¥ingt i ng
the g val ue as determned in the step (7) and a nenory unit having the
menory  theomemprygofalthe Z (00 n) value. -

5
Calculation/memory unit (g):

Unit, composed of CPU calculating the g wvalue as
determined in the step (7) and a memory unit having the memory
of the g value.

10
Calculation/memory unit (h):

Unit, composed of CPU calculating the D({(3j, n) wvalue as
determined in the step (8) and a memory unit having the memory
of the D(j, n) value.

15
Calculation/memory unit (i):

Unit, composed of CPU calculating the W) wvalue as
determined in the step (9) and a memory unit having the memory
of the Wj wvalue.

20

Additionally, the system for predicting a functional site
in accordance with the fourth invention may be equipped with

an appropriate combination of the following units (3j) to (1).

25 Display unit (3):



Cal cul ation/menory unit (h): Unit, conmposed of CPU cal cul ating

the D(j, n) value as determned in the step (8) and a nenory unit
havi ng t he nenory of the D(j, n) value. 15 Cal cul ati on/ menory
unit (i): Unit, conposed of 4£PU cal culating the W val ue as
determined in the step (9) and a nenory unit having the nenory of the
W value. 20 Additionally, the systemfor predicting a
functional site in accordance with the fourth invention may be

equi pped with Unlt@l@?Pﬁ?PﬁbaEl?e sorhnabki 08 ffcH Réifd WG4 HbLE (J) to
(). 25 D splay uni

Unit di splay |strfg% W'E%Eg”daéf¥i§%fﬁon ch trecovered

with the un|t t|on c art ation/menory unit

(k): 5 Un|t nennr|2|ng an existing database of protein
t hree-di nensi onal structures or unit preparing a three- di nensi onal
structure del Qgsed on an am.no I d sequence according to a known
met hod angg%ﬁﬂﬁ' ANt qﬁ?°ﬁ%ﬂ%ﬂ? 65. di mensi onal structure.

5 Unit memorizing an existing database of protein

three-dimensional structures or unit preparing a three-
dimensional structure model based on an amino acid sequence
according to a known method and memorizing the three-
dimensional structure.
10

Display unit (1):

Unit displaying the Wj value of each amino-acid residue
in a distribution chart on the three-dimensional structure
stored in the database or three-dimensional structure model

15 recorded on the unit (k).

The system of the present invention may satisfactorily
be equipped with keybeocard (m) and control unit (n) and the like
as illustrated in Fig.1l2, in addition to these units (a) to

20 (1) .

The fifth invention is a method for modifying the function

of protein "A”, which function has been known, derived from

" ”

the entire putative proteins of organism "a"” with a known genome

25 data or cDNA analysis data, essentially comprising the



10 Display unit (1): Unit displaying the W value of each

am no-aci d residue in a distribution chart on the three-di nensi onal
structure stored in the database or three-di nensional structure nodel
15 recorded on the unit (k). 48 The system of the present

I nvention may satisfactorily be equi pped with keyboard (nm) and control
unit (n) and the |like as illustrated in Fig.12, in addition to these
units (a) to 20 (I). The fifth invention is a method for

nodi fyi ng functio f _pr (n "A", which function has been known,
deri ved fr%§§i°WIn9h§ggﬁfi#é?pﬁgagﬁgg'proteins of organism"a" with a known

genone 25 data or cDNA analysis data, essentially conprising the

48 following steps (1) to (10). Step (1):

Extracting proteins closely related to the protein "A" 5 froman existing
protei n da¥%¥Baé®) and subjecting the proteins to alignnent.

Steps (2) to (7): ) Subj ecting the am no acid sequences of the
entire proteinskxtracting proteins closely related to the protein "“a”

5 from an existing protein data base and subjecting the proteins

to alignment.

Steps (2) to (7):
Subjecting the amino acid sequences of the entire proteins
10 of the organism "a” to the steps (1) to (6) according to the

method of the first invention.

Step (8):
Selecting at least one amino-acid residue to be subjected
15 to mutation from the amino acid sequence of length (L) of the
protein “A” on the basis of the alignment data recovered in
the step (1), sequentially repeating the steps (3) to (6) for
a variant amino-acid residue of various mutated amino acid
sequences where the selected amino~acid residue has been
20 mutated into another amino-acid residue, to determine the Zj

value of the variant amino-acid residue.

Step (9):
Selecting a mutated amino acid sequence wherein the Zj

25 value of the variant amino-acid residue as determined in the



10 of the organism"a" to the steps (1) to (6) according to the

nmet hod of the first invention. Step (8): Sel ecting at

| east one ami no-acid residue to be subjected 15 to nutation fromthe

am no acid sequence of length (L) of tgee protein "A" on the basis of
the alignment data recovered in the step (1), sequentially repeating
the steps (3) to (6) for a variant am no-acid residue of various
nut at ed am no acid sequences where the sel ected am no-acid residue has

been 20 ta i nt,o anot her am,no-agcid resj t LN Z
value of FREPVART HE CHAGRE 20 FPeLRa,han ERG LIt et En A6 2
Var i ant | SARABOAEEc SeratN e SRR A e Bedd (7% value of the

49 step (8) is larger or smaller than the Zj value of the intact
am no-acid residue.-as determned in the step (7). Step (10): 5
Preparing a nodified gene of the protein "A", which gene encodes the
mut ant anPiePadil@)sequence sel ected in the step (9), and expressing
the nodified gene in an appropriate host -vector systemto prepare

modi fi%d prot ePrepAaring a modified gene of the protein ”#, which gene
encodes the mutant amino acid sequence selected in the step

(9), and expressing the modified gene in an appropriate

host-vector system to prepare modified protein ™A”.

10 The sixth invention is a method for modifying the function
of protein "B” derived from organism “b” with an unknown genome
data or cDNA analysis data, essentially comprising the

following steps (1) to (10).

15 sStep (1):
Extracting protein "A” most closely related to protein
"B” from the entire putative proteins of organism "a” with a
known genome data or cDNA analysis data and subjecting the
protein “A” to alignment, or extracting proteins closely
20 related to protein "B” from an existing protein data base to

subject the proteins to alignment.

Steps (2) to (8):
Conducting the steps (2) to (8) of the method of the third

25 invention over the amino acid sequences of the entire proteins



10 The sixth invention is a nmethod for nodifying the function of

protein "B" derived fromorganismb" with an unknown genone data or
cDNA anal ysis data, essentially conprising the following steps (1) to
(10). 15 Step (1): Extras¢i ng protein "A" nost closely
related to protein "B" fromthe entire putative proteins of organism
"a" with a known genone data or cDNA anal ysis data and subjecting the
protein "A" to alignnent, or extracting proteins closely 20 related to
protein "B'. from an exi stipg,protein data base to subj ect the proteins
to alignmébﬁft.the orga%ﬁ%%s 2) to (8): - Conducting the steps (2)

to (8) of the nethod of the third 25 invention over the amno acid
sequences of the entire proteins

50 of the organism™"a". Step (9): Sel ecting a
position &P stul.d be nutated and an anino 5 acid residue for which
shoul d be substituted wherein_the Zé val ue of the substitued,

am no- aci d r esiSfieEL B RPRSAS4OPNthat shopl & beympspted 2ad @ 288 n"enal | er

than the Zj value of the intact am no-acid residue as determned in
the st8p @pid residue for which should be substituted wherein the Zj

value of the substitued amino-acid residue as determined in
the step (8) is larger or smaller than the Zj value of the intact

amino-acid residue as determined in the step (7).

10 sStep (10):

Preparing a modified gene of the protein "B” according
to a known method, which gene encodes the amino acid sequence
mutated at the position to another amino acid residue as
selected in the step (9), and expressing the modified gene in

15 an appropriate host-vector system to prepare modified protein

“B 7
.

As has been described above, the methods for modifying

the protein function in the fifth and sixth invention,

20 comprising the me.thod for predicting a functional site of the

first invention, are characterized in that an wunknown

functional site of protein is newly found and is subjected to
mutation.

Furthermore, the method for modifying a protein function

25 according to the seventh invention also utilizes the method



10 Step (10): Preparing a nodified gene of the protein "B"
accordi ng to a known net hod, which gene encodes the am no acid
seqguence nutated at the position to another am no acid residue as
selected in the step (9), and expressi the nodified gene in 15 an
appropriate host-vector systemto prepare nodified protein "B".
As has been descri bed above, the nethods for nodifying the protein
function in the fifth and sixth invention, 20 conprising the nethod for
predicting a functional site of the ~ first invention, are characterized
in that afomiradictingf ghet fvpgtiont dnofaquasdanee swhieh fheogreoadd i s
subjected to mut ati on. Furthernore, the nmethod for nodifying
a prot ei ninvention, 3hermdnortdiengetbotheasevetdrrimdmuibrimitde samki zes
t he met hod 51 for
predi cti negrannexf wEctironthen caoorafinde Wi fitH hienesacoinsn . I nventi on,
wher eby the nethod can be carried out in the sane manner as in the
case of the fifth invention. 5 The thernophilic DNA pol ynerase of
the eighth and ninth invention is nore specifically an enzyme prepared
lFa)]y modsfyi ng, The therapHidice DAl BolbReshibhof Niteatdigfhta driehiaRhi | i C
u DNA
invention ismore specifically an enzyme prepared by modifying,
in accodance with the sixth invention, a thermophilic Pfu DNA
polymerase derived from Pyrococcus furiosus in a genetic
engineering manner by the known method for preparing mutant
10 gene (Strategies, Vol.9, p.3-4, 1996) (the thermophilic DNA
polymerase of the present invention is sometimes referred to
as “modified Pfu DNA polymerase”). The enzyme can be prepared
as follows.
Since the nucleotide sequence of the gene of Pfu DNA
15 polymerase is known (Nucleic Acids Research, Vol.21, p.259-265,
1993), the gene of Pfu DNA polymerase is prepared by PCR
comprising synthetically preparing an oligopeptide
complementary to both the ends by using the genome DNA of the
archaebacterium as template and using the oligopeptide as
20 primer. The DNA fragment of the gene is cloned into a vector,
and the gene is subsequently subj ected tomutation by the method
described in the reference mentioned above.. In accordance
with the present invention, in particular, the mutation of the

gene was executed by nucleotide substitution, so that a part

25 of the amino acid sequence of Pfu DNA polymerase might be



pol ynerase derived from Pyrococcus furiosus in a genetic engi neering
manner by the known nethod for preparing nmutant 10 gene (Strategies,

Vol .9, p.3-4, 1996) (the thernophilic DNA pol ynmerase of the present
invention is sonetinmes referred to 52 as "nodified Pfu DNA pol ynerase").
The enzyne can be prepared as foll ows. Si nce the nucl eotide
sequence of the gene of Pfu DNA 15 polynerase is known (Nucl ei cAcids
Research, Vol. 21, p.259-265, 1993) t he gene of Pfu DNA polynerase is

prepar ed Q%eg%tuted vﬁﬂ’ﬁi St b h'?c{lhea'zj u%rsep%"r'oﬂlg %0B" DNA

ol i gopept | enentary to en usi ng the genone DNA of

the Tﬁgfgﬂég cterlu gft%ﬁﬂglaE§ gggnu5|n |n$%£%hggpeg£b9% Q§Mk20

primer. ragnen e gene Ts c one Vec and t he

gene i s subsequently, subj d.to nutat i he descrlbed in
Che referaﬂixﬂﬁﬁﬁfﬁo heH BBGVE. Pn® ey hepkev £ K tﬁ’g‘gh%"]pY’%%%

I nvention, art cul ar, Qe nmut at.i on, of t ene was executed by
nucl eot i d%ng ‘T%'nSlE‘& PRAYRERRTC t?S'““BPtP'I‘?é‘ %‘Fr?‘ﬁ’c")sg(’:’l d"9etRnce of

Pfu DNA polynerase g 52
subst i% ut &81G; £R) v Heu rﬁ'—lh% %Jc?fes%’sqra@ster MGtk ESTORNA PolyBBF3fgriSe.  In
ternms of am no acid sequence, Pfu DNA pol ynerase has about 80 @6

honol ogy #PPREIECE DALEEI XS Hésh Pru DNémP]ﬂW@r@F%ﬁ e, By sirpakiyRingtic

term nation occurs during PCR 5 (Fig.13), but the elongation rate with
KOD DNA pefpfepgd@d-@cid repbdeesf Qlfdtfh@ r@f%@?ﬁmﬁawpﬁ%ﬁ%%

Bysubstituting sone am no-acid residues of. Pfu DNA pol ynerase with
" sone aminoc-acid residues of KOD DNA polymerase, the synthetic

termination of the chain elongation might be improved or the
10 elongation rate turns rapid, which possibly enables the
recovery of an enzyme capable of elongating a DNA chain under
way of synthesis more longer. By expressing in Escherichia
coli the mutant gene that was mutated in such a manner and
recovering and purifying the expression product, the modified.

15 Pfu DNA polymerase of the present invention was recovered.

The thermophilic DNA polymerase (modified Pfu DNA
polymerase I) of the eighth invention is more specifically an
enzyme of the amino acid sequence of SQ ID No.l. The amino

20 acid sequence is a novel sequence prepared by identifying
potentially function-modifiable amino-acid residues of the
amino acid sequence of the conventionally  known Pfu DNA
polymerase, according to the inventive method for predicting
a functional site, and_substituting the amino-acid residues

25 as shown in Table 1. By using the novel enzyme then for DNA



am no-aci d residues of KOD DNA pol ynerase, the synthetic term nation
of the chain elongation mght be inproved or the 10 elongation rate turns

rapi d, which possibly enables the recovery of an enzynme capabl e of

el ongati ng a DNA chai n under way 93 synthesis nore |onger. By
expressing in Escherichia coli the mutant gene that was nutated in
such a manner and recovering and purifying the expression product, the

nodified 15 Pfu DNA pol ynerase of the present invention was recovered.
The t herng hiIic.thhgo rase (npdified u DNA . pol.yner.as .é& of the
i oht | naSRSE o By Eoled o7 AFRPPLR. the hbtheti 87K ART oh ¢
sequence of %g I.D No. 1. The ampno 20 acid_sequence is a novel _sequence
or opar od BEIRREIAG YhAR SLng DBE GonvERL oPatciih RotSBe ARt S ARG ke
resi dues of the am no aci d_sequence of _the conventionally known Pfu
DNA FSISATENA Q¥ S TLAMS didfy SPEVRNER | FRR MO iR & RFATRL ¥ edildt fSg
a functional site, and substituting the am no-acid residues 25 as shown
in Tabl e Deegllassd n§ot erYiovdlatentgmplakhen I PRAins to be highly
53 synthesis by PCR, for exanple, the synthetic termnation
occurr¥ng iesitdy emplddieshvi thdtheDmapyeptdoasdsprpiymenase can bet ot al | y
overcone, as shown in the follow ng exanples. It is needl ess to say
t hat tenpleard ifed e feigh eEfitigrioy i tid isamathynaeplified with the
conventi onal pol ynerase can be anplified at high efficiency in the
same nmanner.
Furthermore, the thermophilic DNA polymerases (modified
Pfu DNA polymerases II and III) of the ninth invention are more
10 specifically enzymes of amino acid sequences of SQ ID Nos.6
and 7, which are novel sequences prepared by identifying
potentially function-modifiable amino-acid residues of the
amino acid sequence of the Pfu DNA polymerase, according to
the inventive method for predicting a functional site, and
15 substituting the amino-acid residues as shown in Table 1. By
using the novel enzymes then for DNA synthesis by PCR, for

example, synthetic polymeric products can be recovered at large

scales, as shown in the following examples. .



Furthernore, the thernophilic DNA pol ynerases (nodified Pfu DNA

polynerases Il and Il11) of the ninth invention are nore 10 specifically
enzynmes of amino acid sequences of SQ ID Nos.6 and 7, which are novel
sequences prepared by identifying Spotentially function-nodifiable

am no-aci d residues of the am no aci d sequence of the Pfu DNA

pol ynerase, according to the inventive nethod for predicting a
functional site, and 15 substituting the am no-acid residues as shown in
Table 1. By using the novel enzyms then for DNA synthesis by PCR for
exanpl e, syAthette—pobyrrere—products—can—he+recovered—at—targe—

scal es, as MoRhirad, BN foIPBﬁ}ﬁboﬁﬁanplesW1ld type Modifi&d amino

54 polymerases Tablagifo acidyndifi ed FRA

Posi ti ons Wld-type MdEfied anino Ilepolynerases Val

am no acid -aci d 533 Phe 2 Tvr lle

Val 538 tée Tye

538 Leu kg f1e 540,

Ile Ser 5 43 Ry

Phe 5§§6 ¥§ PEE

2 lle \ L 710

Pro Arg 112 71%e s¥pl

Ar g 7130 ABRO Aépg

717 1&u PLB | ér

Ile Val 713 Xsd Ae

Pro The DNA sequenqgs encodi ng thggg nodified prrQNA

pol ymer ases Ticipge for val

pol ymer ase gene, as recqvered qgglng t he Procgss of enzyme p.g

The DNA sequences encoding these modified Pfu DNA
polymerases include for example the mutant genes of the Pfu
5 DNA polymerase gene, as fecovered during the process of enzyme
preparation. As to these mutant genes, the DNA sequences
encoding the amino acid sequences of SQ ID Nos.l, 6 and 7 for
example have been cloned in recombinant plasmids p320, pDP5bl7
and pDP5C4, respectively, and these recombinant plasmids have
10 been integrated in Escherichia coli HMS174 (DE3) and deposited
at the National Institute of Bioscience and Human-Technology,
the Agency of Industrial Science and Technology, Japan (Deposit
Nos. FERM P-16052, FERM BP-6189 and FERM BP-6190,

respectively) .

15

Additionally, the DNA sequences of the present invention

may appropriately be designed as DNA sequences with conjugated



preparation. As to these nutant genes, the DNA sequences encodi ng the
am no acid sequences of SQID Nos.1, 6 and 7 for exanpl e have been

cl oned in reconbi nant plasm ds p320, pDP5b17 and pDP5C4, respectively,
and these reconbi nant plasm ds have 165 been integrated in Escherichia
coli HWs174 (DE3) and deposited at the National Institute of

Bi osci ence and Human- Technol ogy, t he Agency of Industrial Science and
Technol ogy, Japan (Deposit Nos. FERM P-16052, FERM BP-6189 and FERM

BP-6190, pruc1888P8E1dNER Y3 cofy%spondln toA99ép%9§Pviaﬁaig§%S L ences

of the present 1nvention appropriate desi gne

sequences WLHGOD 484600 o o 55

nucl eot i de  codons correSponding fo tﬂe i hdi vi dual am no- aC|d resi dues

of SQ ID No. 1, The .t her no h| rases of the
present inventigmetherqﬁﬁyﬁﬁ§ 9%?@?&@?%!? gg?ﬁ%ﬁfg ?ﬁfl n
Escherichia cqli ch thereafter recovered i nserting
and if?ﬁbé%r SR AT B8 ?é&ﬁ@ﬁﬁgaf‘ﬁﬁﬁ‘saﬁu‘&p?%s%?‘b’??%%’?b‘? Gty

an origin replicatiqQn in m cr.oor gani sm pr onot er,

ri boso%e b‘l’rh’o?thg 3¥ et ?"f%ﬁﬁ%‘fo engrgcgyergﬁd a t%sfmm%?tmg 3 the
i ke to prepare an expression vector, transformng a 10 host cell wth
the expressPERO%REIRY Ehe DYA SRAYICR (INER i3y SXPresHen sQFEenHgith
transformant, an enzyne encoded by the DNA sequence can be produced
fron1therﬁ%ﬁ?ﬁﬁ@hﬁl@ﬁ]E?Pélpaﬁg@n in aggdfgoorganism, a promoter, a

ribosome-binding site, a cDNA cloning site, and a terminator
and the like to prepare an expression vector, transforming a
10 host cell with the expression vector and thereafter culturing
the resulting transformant, an enzyme encoded by the DNA
sequence can be produced from the microorganism at a large

scale.

15 EXAMPLES
The present invention will now be described more
specifically in more detail with reference to examples, but

the invention is not limited to the following examples.

20 Example 1
According to the method of the first invention and based
on the genome data of Methanococcus jannaschii (Bult et al.,
Science 273, 1058-1073, 1996), Zj = -log¥j (f = -log) was
calculated, concerning each amino-acid residue in the amino

25 acid sequence (from the N-terminus to the C terminus) of a DNA



15 EXAMPLES The present invention will

now be descri bed nore specifically in nore detail with reference to
exanpl es, but the invention is not limted to the foll ow ng exanpl es.
20 Exanpl e 156 According to the nethod of
the first invention and based on the genone data of Methanococcus
jannaschii (Bult et al., Sci ence 273, 1058-1073, 1996), Zj = -logY] (f
= -log) was cal cul ated, concerning each am no-acid residue in the

ami no 25 Stk SEUalee. (o KA ST s 0 e CubBpBb ) o & DN

56 NErase ‘specl e mcro gene is

t hought tqg.encade the [err]-type nerase. The rgsults

pl otted iﬁt}ém’lﬁc}étf % & 8ﬁ4cﬁ§¥t“T%8’$§P° ymerase. ﬁgr??l‘g{ﬁ%ﬁrfes known
as the functional sites of the .5 a-t Pe DNA §O| merase, furthernore,

motif A aRFHoted ¥?w%r%15trlb%§%?%c?%%,tahH Fhe-#f-val ues of the

I ndi vi dual am no-acid residues were plotted in Fig.15. Fig.15 and
Fig. 16 bel ow AmoRggbRetmeRafst hroyp as. F—stﬁuv&rca@gagf sgRefo-Acitdhe

resi dues responsible for the function are |arger than those of the 10
r emai nPng cm¥yRee dfA RAyRERse, furthermomey metddpAceadamdtbsfr§ ateon

chart of the frequency of the value Zj = -logY] for the amno acid
sequence ¢xt¥prctedypand the Zj values of the individual amino-acid

residues were plotted in Fig.15. Fig.1l5 and Fig.1l6 below
suggest that the Zj = ~logY¥j wvalues of amino-acid residues
responsible for the function are larger than those of the

10 remaining amino-acid residues.
Fig.16 depicts a distribution chart of the frequency of
the value 23j = -1log¥j for the amino acid sequence of the a-type
DNA polymerase encoded by MJ0885. It is confirmed in the
figure that amino-~acid residues with value Zj = -logY¥j of 4.8
15 or more are highly possibly amino-acid residues responsible

for the protein function.

Example 2
Following the chart on Fig.1l5 in Example 1, the
20 characteristic properties of a~type DNA polymerase Pfu (DDBJ
Accession No. D12983) which is derived from Pyrococcus furious
were modified, on the basis of the amino acid sequence of an
oa-type DNA polymerase KOD (DDBJ Accession No. D29671) which
is derived from Pyroqoccus sp., and the genome data of

25 Methanococcus jannaschii (Bult et al., Science 273, 1058-1073,



DNA pol ynmer ase encoded by MIO885. It is confirmed in the figure that
am no-acid residues with value Zj = -logY] of 4.8 15 or nore are highly
possi bly am no-acid resi dues responsi bl e for the protein function.
Exanmpl e 2 Fol lowi ng the chargson Fig.15 in Exanple 1, the 20
characteristic properties of a-type pol ymerase Pfu (DDBJ Accessi on
No. D12983) which is derived from Pyrococcus furious were nodified, on
the basis of the am no acid sequence of an a-type DNA pol ynerase KOD
(DDBJ Accession No. D29671) which is derived from Pyrocaoccus sp., and
the genonet PRl gnd PBe aminmAGEESamIgnRMmascHie A BYRSPRR Polym 73,
1058- 1073, 57 1996), and
the am no &awed dered cas o] hengedgdebDNATBBB Y ner ase (named here as
MJ) encoded by MJ0885. Fig.17 depicts alignnent charts of the
amno acid Fiegliénckepisfts helaghinen€s ¢hantPf ©f KEDeanamMio wiaild no 5
di fference between the region 531 to 544 from Pfu and M. Fig. 18
depi ct s tIsequsnteés of tilee pnetift Cen foforf UPLY ) OKOD and MUt ewith tee anmi no
aci d sequences of the nmotif Cs of Pfu, KOD and M) according to the

met hod5of dineféremod i batweant hkebasgson 5310fot ¢4 gfrome Pdat andf M.

Met hanococcus jannaschii. The results 10 indicate that nutations

| 1 e540Ser, LeuSHbfPhes dEpizdEPhiee reBdl ts of the&Hilctigi edfuridtd ofjal=

-1 ogYj values of the am no-acid resi dues. Furthernore, the values Zj =
-1 ogY] of Hspddlirdnthe amino acid sequences of the motif Cs of Pfu, KOD
and MJ according to the method of the invention, on the basis
of the genome data of Methanococcus jannaschii. The results
10 indicate that mutations Ile540Ser, Leu545Phe, Tyr546Phe, and
Ile568Thr increase the 2Zj = -logYj values of the amino-acid
residues. Furthermore, the values Zj = -logY¥j of Asp541 and
Ala547 are increased. By subjecting the a-type DNA polymerase
MJ of Methanococcus jannaschii to such mutation, the resulting

15 sequence turns more unique (specific) which possibly brings

about the improvement of some function.

Example 3
Based on the genome data of Methanococcus jannaschii (Bult
20 et al., Science 273, 1058-1073, 1996), the values 2 (j, 1) =
-log¥ (3, 1), Z (3, 3) = ~log¥ (3, 3), Z (3, 4) = -log¥(], 4),
and Z (j, 5) = -log¥(j, 5) were calculated, concerning the
individual amino-acid residues of the amino acid sequence {(from
the N to C termini) of a.DNA polymerase speculated on the basis

25 of the microbial gene MJ0885 which is believed to encode the



Al a547 are increased. By subjecting the a-typeDNApol ynerase M of
Met hanococcus jannaschii to such nutation, the resulting 15 sequence

turns nore uni que (specific) which possibly brings about the

i nprovenent of sone function. 58 Exampl e 3
Based on the genonme data of Methanococcus jannaschii (Bult 20 et al.
Science 273, 1058-1073, 1996), the values Z (j, 1) = -log¥Y(j, 1), Z
(j, 3 =-logY(j, 3), Z(j, 4) = -logY(j, 4), and Z (j, 5) = -log¥(j,
5) were cal cul ated, concerning the i ndi vi dual am no-acid residues of

the ani noaamesga'&eﬁeémﬁrame accpraingt g Ghematiiod siF FPONASFBPFner ase
specul ated on the basis 25 of the_nlcroblal gene MI0885 which is believed
to encodeipyention, so that Wj =2 (j, 3) - 2(j, 1) (h=%§, 3) - z(é4type
DNA pol ynmerase, according to the nethod of the second i nvention, so
that W —11)(f”353)'—'3102@-]ate@) (BimiYarly3)W3 Z(3,(3, 4) DX Was allbuFat ed.
Smlarly, W Z (j, 4) - Z(j, 3) (h = Z(j, 4 - Z(j, 3)) and W = Z
(j, 5 - 2({@., 3» 6hzijz(ﬁ))5ﬁnd w3- ZZJKj3)ﬁ)wer5(absa)cdhcelzﬂed 5)
Fig.19 depicts the results of the 100 residues fromthe N-termnus in
a pl ots ed—dzgtr,i B)i serehaliso Galemlated (], 5 - z(j, 3),
regions wth significantly different distributions fromthose of
t he remi ni ng 4y .d3sdepilct sprrigepbsullsi &of titee raY ardidued Ifecdbthl t o
60-th residues and the IiKke. The distributions indicate that smaller
W = Z (] N-Zermi&ys, in a plotted distribution chart. Given h =2 (3,
5) - Z(j, 3), regions with significantly different
distributions from those of the remaining two cases are present

10 in the region from the 35-th to 60-th residues and the like.

The distributions indicate that smaller W3 =2 {(j, 5) - 2{(3,
3) more specifically characterizes the amino acid sequence.

Among the motifs known as the functional sites of the
a-type DNA polymerases, furthermore, regions containing exoI,

15 exolII, motif A, motif B and motif C were extracted, and
subsequently, the Wj wvalues of the individual amino-acid
residues are plotted in Fig. 20. As shown in Fig.20, .the
regions with the characteristic reduction of Wj are consistent
with the functional sites.

20

Example 4
Fig.21 depicts the values Wj = D(j, 3) and Wj = D(j, 5)
of individual amino-acid residues in the regions containing

the exoIl, exoll, motif A, motif B and motif C extracted among

25 the motifs known as the functional sites in the a-type DNA



3) nore specifically characterizes the am no acid sequence. Anong

the notifs known as the functional sites of the a-type DNA

pol ynmerases, furthernore, regions containing exol, 15 exoll, notif A
notif B and notif C were extracted, asgg subsequently, the W val ues of
t he individual am no-acid residues are plotted in Fig. 20. As shown in
Fi g. 20, the regions with the characteristic reduction of W are

consi st ent with the functional sites. :

Exanpl e 4 epicts,.the @ u VV . Dj, 5
of indi w%% iR echg 201@21 %ueés C|1th the Jreé?cns coP‘tgal %Igllld% lv&ﬁts exol ,

exoll, notjf . ) nmoti f C extracted, anon tlt known
as the ftrﬁcttfs’ﬁ FEL3eB) [HF 2IRF HOF P GG of Lo58 Hke pRasent Siaide
59 olyneraseslzé D(j, 3) and h = )e")‘ Ami no aci d residues
with w =the e +§Sofa OFhW@I%’nQﬁa%l%rrq%Sé"%? Eﬁ’ RS RF

the notifs, and these am no-acid residues are candi dates of new
functi ondtewj ferctional sites. Exanpl e 5

Fi g.22 depicts in a dark color the positions of am no-acid resi dues
havin§ W = D (j, 3) of 2 or nore or of 2 or less in the anmino acid
sequence of MJI0232, which is speculated as 10 enol ase of Methanococcus
jannaschii, on a three-di mensi onalExampl&tyucture nodel prepared on the

basis of the enol ase of budding
Fig.22 depicts in a dark color the positions of amino-acid

residues having Wj = D (j, 3) of 2 or more or of 2 or less in
the amino acid sequence of MJ0232, which is speculated as
10 eénolase of Methanococcus jannaschii, on a three-dimensional
structure model prepared on the basis of the enolase of budding
yveast. It is indicated that residues positioned apart on the
amino acid sequence are closely positioned on the three-
dimensional structure.
15
Example 6
Modified Pfu DNA polymerase I was prepared, by applying
the mutation of putative amino-acid residues for improving the
function of the DNA polymerase MJ in Example 2 to the Pfu DNA
20 polymerase.
(1) Preparation of modified Pfu DNA polymerase gene
Cloning of Pfu DNA pclymerase gene:
Following the nuclectide sequence of Pfu DNA polymerase
gene (Nucleic Acids Research, Vol.21, p.259-265, 1993), a PCR

25 primer was prepared, for amplifying the objective gene by PCR



yeast. It is indicated that residues positioned apart on the am no

aci d sequence are closely positioned on the three- di nensi onal
structure. 15 Exanpl e 6 Modi fi ed
Pfu DNA pol ynerase | was prepared, byéapplying the nutation of

put ati ve am no-acid residues for inproving the function of the DNA
pol ynerase MJ in Exanple 2 to the Pfu DNA 20 pol ynerase. (D)
Preparation of nodified Pfu DNA pol ynmerase gene Cl oni ng of Pfu DNA
pol ymer a I g | got

pol yrreragbg %%Q%gggrl?g ﬁlﬁg eic %&cﬁngggslggfglﬁg V%Iégﬁp?&e%‘sg 265, 1593) a

PCR 25 FH}L&HE 1R PLA R SQ%E%RIASHRLQQ’#P%.o&hﬁs‘gﬂle.%g%!?ac?&i‘f Dy, PCR

60 usi ng geno uriosus - as Wwhi C
t hen cl ocgci:ba]ghéan eggrgls]?bgcrll ve tv(I)r for Escherichia coI i. The det a|I
I s descri | "ow. furi osus DSMB638 was cul tured according

to the net hod 5 descri i_n_the reference descrj bed abqv First,
t he cult fe %&%ﬁﬁ%@?@‘?sgémﬁ FHEHREAEROEHAS FPcihf B thod

follo sterilizati h tepperature under pressure, and
subsegﬁer‘f{g ¢4 0g8n %h% wa eﬁﬁ?‘ﬁ@d deiriied r @98Mei-ng Firstethgre
medi um The bacterl umwas inoculated into the culture 10 nedium for

st at i onarSPIcEH%ERr MRELRM R FiRed oin1sthpureferpngm was PIEPRTeE: the

culture broth were recovered the bacteria of about
followed by sterilization at a high temperature under pressure,

and subsequently, nitrogen gas was purged into the resulting
culture medium. The bacterium was inoculated into the culture
10 medium, for stationary culturing at 95°C for 15 hours. From -
200 ml of the culture broth were recovered the bacteria of about
0.5 mg by centrifugation. The collected bacteria were
suspended in buffer A (10 mM Tris/HCl(pH 8.0), 1 mM EDTA, 100
mM NaCl), followed by addition of 1 ml of 10 % SDS and subsequent
15 agitation, and to the resulting suspension was added 0.5 mg
of proteinase K for reaction at 55 °C for 60 minutes. The
reaction soclution was extracted sequentially in phenol,
phenol/chloroform, and chloroform, and to the extract was added
ethanol to make the DNA insoluble, which was then recovered.
20 The resulting DNA was dissolved in 1 ml of TE buffer (10 mM
Tris/HCl(pH 8.0), 1 mM EDTA), followed by addition of 0.5 mg
RNase A for reaction at 37°C for 60 minutes and re-extraction
sequentially in phenol, phenol/chloroform, and chloroform,
and subsequent ethanol precipitation, to recover the DNA, which

25 was then dissolved in the TE buffer, to recover the DNA at about



0.5 ng by centrifugation. The col |l ected bacteria were suspended in
buffer A (10 MM Tris/HO (pH 8.0), 1 nM EDTA, 100 nmv NaCl ), followed
by addition of 1 m of 10 % SDS and subsequent 15 agitation, and to the
resul ting suspension was added 0.5 ng gy of proteinase K for reaction at
55 [err]C for 60 m nutes. The reaction solution was extracted
sequentially in phenol, phenol / chl orof orm and chloroform and to the
extract was added et hanol to nake the DNA insol uble, which was then
recovered. . 20 The resulting DNA was dissolved in 1 m of TE buffer (10 nmM
Tris/HO (BHP8™F), 1 nmM EDTA), followed by addition of 0.5 ny RNase A
for reaction at 37[err]C for. 60 m nutes and re-extraction seguent lally

in phenol, phenBPFATRRBPLALCatiorIoEbe Glective BNy gtfRanol
precipitation, to recover the DNA, which 25 was then dissolved in the TE
buf fer, tothepev&rot ReiDRA BNAghHeftSQ ID Nos.2 and 3 were synthesized
61 0.3 ny. For PCR anplification of the objective
DNApol ymer asetljeneasis of tthen knovn sedquenceNdetsef. Ire speckfiadlBywere
synt hesi zed on the basis of the known sequence data. More .
speci fikal Ly, wa$ destigmesi ttbsitghiee iidti athiern rotdbatATA aiibe dhRotivéae
obj ective gene and a restriction nucl ease Ncol sequence (5'-CCATGG 3')
m ght be i génhedanddai resheitaivar duplease Neqlesequenbel é5tHRCATGG-F kver se
primer mght be conjugated at an appropriate position downstream t he
term nati onightéoBe RGRrd@ScEd idiichedf orward kil ineancidquensysst ginide the
[err]l, by using 2 [err]g of P. furiosus DNA and
reverse primer might be conjugated at an appropriate position
downstream the termination codon. PCR was conducted in a
10 reaction system of 50 pl, by using 2 ug of P. furiosus DNA and
10 pmol each of the primers under conditions for LA Tag
(manufactured by TaKaRa Brewery) and attached buffers. The
cycle conditions were as follows; 93°C/3 minutes prior to the
addition of the enzyme, and 30 cycles of each cycle composed
15 of 94°C for 0.5 minute, 55°C for 0.5 minute and 72°C for 1.0
minute. The amplified DNA fragment was purified, followed by
treatment with NcolI, and the resulting DNA fragment was
similarly cleaved with Ncol and subsequently blunt ended, and
the resulting fragment was then integrated downstream the T7
20 promoter of an Ncol-treated expression vector pET-15b. The

expression vector was defined as pDPWT100, to confirm the

nucleotide sequence of the inserted gene.

Modification of Pfu DNA polymerase gene:

25 According to the known method (Strategies, Vol.9, p.3-4,



10 pnol each of the priners under conditions for LA Tag (manuf act ur ed
by TaKaRa Brewery) and attached buffers. The cycle conditions were as
follows; 93[err]C/3 mnutes prior to the addition of the enzynme, and

30 cycles of each cycle conposed 15620f 94[err]C for 0.5 mnute, 55[err]C
for 0.5 mnute and 72[err]C for 1.0 m nute. The anplified DNA fragnment
was purified, followed by treatnent with Ncol, and the resulting DNA

fragnent was simlarly cleaved with Ncol and subsequently bl unt ended,

and 1656) rgadl £#4A0Kd a0Ns 1R LReRJINpBoWaNLed dewASthea@mehed T7 20
pronoter of an Ncol -treated expression vector pET-15b. The expression

f
the. ?rgsﬁ??eﬁﬂ‘ Rt v AT AR s A b illted Thbiin, = bl ym‘?%%@%eusmne "o °
A Strat Vol 9i 5

P:zO;N;hg £§§§§§se eneqéﬁ?égséteggfﬁére?ﬁc §?:Ld fI§§§t°r§P¥$E}%?oned
pol yer & BY JERE% AL L Be R s s a i SRR bRt T py

usin i_go tides,contajping desjred. mytatjons 5._No and 5
ond the NABAE, BHE: Rh eERoRRR: FufBmpEcHIRaatEgn < E BrBHERS B AGP Rt | on
mhereby an expreSS|on vector pDP320 was canstruct ed. 5% gstern1n|ng

t he nuclEBPWGQas%ﬂHEﬂE%tanth%herebykﬁﬂMQWﬂﬁfiiﬁﬂ9 VEG e ¥#2 amino

aci d sequence of the nodi fied Pfu DNA pol ynerase (SQ I D No. 1 mas
verifi edconggructed. By determining the nucledtide sequence of t

modified gene, furthermore, the amino acid sequence of the

modified Pfu DNA polymerase (SQ ID No.l) was verified.

10
{(2) Expression and purification of the modified Pfu DNA
polymerase in Escherichia coli
The gene of themodified PfuDNA polymerase I was expressed
in Escherichia coli as follows, which was then purified.
15 The expression vector pDP320 with the modified Pfu DNA

polymerase gene was inserted in Escherichia coli HMS174 (DE3)
and cultured in an LB culture medium supplemented with IPTG
to a final concentration of 0.1 mM for 14 hours, to induce the
expression of the enzyme in the bacteria of the Escherichia
20 coli. After recovering the bacteria by centrifugation, a
modified Pfu DNA polymerase was extracted under ultrasonic
treatment in a buffer containing 150 mM Tris/HCl(pH 7.5), 2
mM EDTA, 0.24 mM APMSF and 0.2 % Tween 20. The crude extract
solution was thermally treated at 80 °C for 15 minutes, to

25 inactivate the DNA polymerase derived from Escherichia coli



(2) Expression and purification of the nodified Pfu DNA pol yner ase

I n Escherichia coli The gene of the nodified Pfu DNA pol ynerase |
was expressed in Escherichia coli as follows, which was then purified.
15 The expression vector pDP32068 th the nodified Pfu DNA

pol ynerase gene was inserted in Escherichia coli HVS174 (DE3) and
cultured in an LB cul ture nedi um suppl enented with | PTG to a final
concentration of 0.1 mMfor 14 hours, to induce the expression of the

enzynme in Qﬁf{ S ri f el rese¥ertNg t he
bacteria By centrit gf¥ %Jutﬂeny ehe %a%ag%lﬁf%ﬁ%\ p%ﬁytr?e%aslg was
extracted,under .ultrasgnic eat C | nivi
Trisira (bhveRs)eny PR Lpmrni A G LSS EHEE%%E%“ Q’o%%ﬁieﬂ%%égT he
crude extract tion was the r.e

ofude LA pgt 2 padl SRl E@f?ﬁ&t&@@qf miop Gt B REEAL Era
col i and rt|

purify th@- BnA Fepsher%sd BM ?ﬁ’@eﬁ?%EEﬂ?thanol "i‘%rﬂtq Snaly é'p%art Ial I y
purified fraction was dial yzed agai nst a buffer co sed g
Tris/HO tpA 3tape Yamis@?ﬁeted a DRAPO} YHRELZHDY ?CFer;g XEFBEB% &Phanol
and 10 % glycerol. At 5 the stage was detected a DNA pol yneri zi ng

activity &pethe modified Rt W HOLYEaTRE DNA poI yner ase |.
Exampl e 7 By using the nodified Pfu DNA pol ynerase | partially

Example 7
By using the modified Pfu DNA polymerase I partially
10 purified in Example 6, the primer elongation reaction of a DNA
chain complimentary to the template DNA was tested.
One ug of the partially purified enzyme fraction described
above was placed in 20 pl of a reaction solution containing
20 m Tris/HCl(pH 8.0), 2 mM MgCl,, 50 ug/ml BSA, 0.1 % Triton
15 X-100, 1 mM each of cold dNTPs (0.1 mM for dCTP), 0.63 ug of
pBLUESCRIPT plasmid prepared by annealing together 10 p Ci of
[-?P]dCTP and a primer of M13(-21), for reaction at 75°C for
one minute and 3 minutes. The elongated DNA chain was
separated by electrophoresis on a polyacrylamide gel
20 containing 8Murea, and the resultingpattern was analyzed with
an image analyzer. As a control, additionally, the
conventional wild-type Pfu DNA polymerase was used for the same
DNA synthesis.
The results are shown in Fig .23. When the conventional

25 wild-type Pfu DNA polymerase was used, at least 10 bands



10 purified in Exanple 6, the priner elongation reaction of a DNA

chain conplinentary to the tenplate DNA was tested. One [err]g of
the partially purified enzynme fraction descri bed above was placed in
20 [err]l of a reaction solution contaéhing 20 mTris/HA (pH 8.0), 2
MM Myd 2, 50 [err]g/m BSA, 0.1 % Triton 15 X-100, 1 nmM each of cold
dNTPs (0.1 nmMfor dCTP), 0.63 [err]g of pBLUESCRI PT pl asm d prepared
by annealing together 10 [err] C of [[err]-[err] PI]dCTP and a pri ner
of ML3 (- ; I j 1 ] d LQut es.
The el ongg‘gﬁc%%in?ﬁg?% %;:S@gegc“g ggef;)ajglaétcgl?lb%/teelﬁl?r% r%g?g %ﬁegua

pol yacr yI ag98.95k: AmsGa Al 00 SN ERye 8N HdiSar &Yl LhGaPRLEALN Was

anal yzed nage  anal'yzer. control, ronally,

DA synt nieperbea?ad ati g dF o e bR TR Frb o458 entiny B ™™™

conventi ona 25 wld-type, Pfu DNA polynerase was used, at. |east 10 bands
LNBeZasEng (R Ehes yel

64 po EFES ST ISR FeREhTe ¥uePo
synthetic term nation were observed. However,_ these bands di sappear ed
duri ngp { ELBRREEPRENCLRs WRe n 3RETHIaAPed Pu TBRLY  elgmgatachsBNA of t he
present invention. Alternatively, no 5 difference in the accunul ati on of
hi ghly el §5ggmedtanaround (I S©5, WRF PREFB0VSshses was obser ved.
Exanpl e 8 The Pfu DNA polynmerases Il and IIl of this invention
wer e

Example 8

The Pfu DNA polymerases 1I and III of this invention were
10 prepared.
(1) Preparation of modified Pfu DNA polymerase gene
In the same manner as in Example 6(1), the Pfu DNA
polymerase gene was cloned, to prepare modified genes II and
III as follows.
15 Preparation of modified Pfu DNA polymerase II:
According to the known method (Strategies, Vol.9, p.3-4,
1996) and for the expression vector pDPWT100 with the cloned
Pfu DNA polymerase gene integrated therein, the gene of
modified Pfu DNA polymerase II was prepared on the expression
20 vector pDPWT100 by using oligopeptides containing desired
mutations (SQ ID Nos.8 and 9) and the mutation induction kit
manufactured by Promega Corporation, whereby an expression
vector pDP5bl7 was constructed. By determining the nucleotide
sequence of the modifi_ed gene, furthermore, the amino acid

25 sequence of the modified Pfu DNA polymerase II (SQ ID No.6)



10 prepared. (1) Preparation of nodified Pfu DNA pol ynmerase gene

In the sanme nanner as in Exanple 6(1), the Pfu DNA pol ynerase gene was
cloned, to prepare nodified genes Il and 11 as follows. 15
Preparation of nodified Pfu DNA pol yngsase |1: According to the
known nmethod (Strategies, Vol. 9, p. 3-4, 1996) and for the expression
vector pDPWI100 wth the cl oned Pfu DNA pol ynerase gene integrated
therein, the gene of nodi fied Pfu DNA pol ynerase Il was prepared on

t he expr ' . ctor pDPWI100 by using oligopeptides containing
desired %%%lQ%ﬁ¥§%Fg%§ (SQ ID Nos.8 and 9) and the nutation induction kit

manuf act X QITE rporati ere ression ctor
pDP5b17 %%%g%sﬁroﬁlct%.t%o%feﬁeﬁ @%nnfnﬁmglﬁﬁép%%cﬁg Pagmerass?eaégﬁce of
the nodified %ﬁ&%ﬁ furthernpre, the amno acid 25 sequence of the

modi fi ed Pfu & §ﬁgﬁar§%tli1?d(a§?dp5qq&_bgfi above except for the use

65 was confirnmed. . Preparation of the gene of nodified Pfu DNA
pol yner a®€ [Hhe oligonucleqfides afa 80 HPt He® -39 @dskdilpefhrengeBecR€ept for
t he use ~ of the oligonucleotides of SQID Nos.10 and 11, the gene of

5 noei f FeGifAeDREDHBNRehyBerase fdd preparenared  censonsirugt an
expressi on vector pDP5C4. By determ ning the nucleotide sequence of
t he nodi EX@FeFSieN t HechArnFPRSd -se@endetesninbng thepnprleptide

nodi fied Pfu DNA pol ynerase |1l was confirned. (2) Expression in

Escher i clsiegueside @fdthermedihiedgegie t the amino acid sequence (SQ ID

No.7) of the modified Pfu DNA polymerase III was confirmed.
(2) Expréssion in Escherichia coli and purification of the
10 modified Pfu DNA polymerases II and III
The genes of the modified Pfu DNA polymerases II and III,
thus prepared, were expressed in Escherichia coli as follows,
which were then purified.
The expression vectors pDP5bl7 and pDP5C4 were
15 independently inserted in Escherichia coli EMS174 (DE3) and
cultured in an LB culture medium supplemented with IPTG to a
final concentration of 0.1 mM for 14 hours, to induce the
expression of the enzymes in the Escherichia coli. After
recovering the bacteria by centrifugation, modified Pfu DNA
20 polymerases II and III were extracted, with ultrasonic
treatment, in a buffer containing 150 mM Tris/HCl(pH 7.5), 2
mM EDTA, 0.24 mM APMSF and 0.2 % Tween 20. The crude extract
solution was thermally treated at 80°C for 15 minutes, to
inactivate the DNA polymerases derived from Escherichia coli

25 and partially purify the modified DNA polymerases II and III.



10 nodified Pfu DNA polynerases Il and |11 The genes of the

nodi fi ed Pfu DNA polynerases Il and |11, t hus prepared, were expressed
in Escherichia coli as follows, whi ch were then purified.

The expression vectors pDP5bl7 and pDE6C4 were 15 independently inserted
in Escherichia coli HWS174 (DE3) and cultured in an LB cul ture nmedi um
suppl enented with IPTGto a final concentration of 0.1 nMfor 14
hours, to induce the expression of the enzynmes in the Escherichia

coli. Aftrgfep art:.éff?}’:%@l'l%.é&"?rg@e{gﬁé Frey & tfié&'%@a’fﬁgt ipdiekbed Pfu

DNA 20 polynerases wer e extracte l'trasonic

B;git “@Tkﬁﬁ@?’ angggffiéo?%%?’l 544 150278 114 STEbER 6. 9 Fe ﬁ%ﬁhmmv',afDTA
:)ole;/ggr a)see%&egt e?@%ta ?8%1 ?%‘I% r%’ﬁl gog%lﬁy‘ﬁroghd Aptartlthinegflttlﬁvgjgﬁ%?et EEA
and |11

ggdl Hed etﬁ%’*ﬁéﬁﬁ‘gﬁs‘? %’r”rﬁ‘é@ Fqtiotitdes fRPeifiq Yo ddeugadisied buffer

conposed of 50 _mM Tri s/ HCO q551 1 nmM EDTA, 0.2 % Tween 20, 7 v
2- nereaptddt Pﬁ’ﬁblp%%%%l%ear IL%- the stage were det ect ed DNA
pol ynmeri zing activities specific to the nodified 5 Pfu DNA pol ynerases ||
and I11. Exanpl e 9 By using

the nodified Pfu DNA polynerases Il and 111
Example 9

By using the modified Pfu DNA polymerases II and III
partiallypurifiedin Example 8, the primer elongation reaction
10 of a DNA chain complimentary to the template DNA was tested.
One pg of each of the partially purified enzyme fractions
described above was placed in 20 pl of a reaction solution
containing 20 mM Tris/HCl(pH 8.0), 2 mM MgCl,, 50 pg/ml BSA,
0.1 % Triton X-100, 1 mM each of cold ANTPs (0.1 mM for 4CTP),
15 0.63 pg of pBLUESCRIPT plasmid prepared by annealing together
10 puCi of [a-*P]dCTP and a primer M13(-21), for reaction at
75 °C for one minute and 3 minutes. The elongated DNA chain
was separated by electrophoresis on a polyacrylamide gel
containing 8M urea, and the resulting pattern was analyzed with
20 an image analyzer. As a control, additionally, the
conventional wild-type Pfu DNA polymerase was used for the same

DNA synthesis.
The results are shown in Fig.24. When the conventiocnal
wild-type Pfu DNA pclmerase was used, bands indicating the

25 presence of incomplete DNA fragments were observed, because



partially purified in Exanple 8, the priner elongation reaction 10 of a
DNA chain conplinmentary to the tenplate DNA was tested. One
[err]g of each of the partially purified enzynme fractions descri bed
above was placed in 20 [err]l of a resxtion solution contai ning 20 nM
Tris/HC (pH 8.0), 2 mM MgCd 2, 50 [err]g/m BSA 0.1 %Triton X-100, 1
nmv each of cold dNTPs (0.1 nmMfor dCTP), 15 0.63 [err]g of pBLUESCRI PT

pl asm d prepared by anneal i ng together 10 [err]C of [[er]-[err]P]dCTP

d i - f ' - 7 ( ] d 3
i nut e6. CRHEnE] BRSSTRAoORA Enaihos mebign a5 EpafEiipoochalhs AL, 70 5,

pol yacryl am de, gel .coptaining 8Murea, .and the resultin attern was
anal yZedszn%ﬁetgG BRI GEC  arfs e.é‘ OW%VeEbnts:r%? , yl%&%’l t?(f;nal ly,

0

t he conventional w | d-type .DNA pol yner.ase s used for sane
DA synt fEarEess 20 b8y PRl B ROe B E B anttEo B350 2 1 0ok
conventi onal w | d-type Pfu DNA pol ynerase was used, bands_ indicating
the 25 BRESENTRS L9 VrRiARH I NoNEhey nEhasis oddy Fbg mpdibied
67 of the presence of a |large region at about 1000 bases where
synt Het | Efe PP R omERERT edl andovihderof the PRraset inventigRhesi zed
products including those of bands of about 1000 bases was el evat ed
duri ng t hegplhesyyit bl rands ipdilsae ting thedresemee gimoss Faky®Rsesc| | and
1l of the present invention, toget her with bands indicating the
pr esence (nprgoedopgrfedd i FCR prodwsits einclegabdemeEintbduct s under
observati on. The results described above indicate that the DNA
The results described above indicate that the DNA

polymerases of the present invention can more markedly elongate
10 DNA fragments in the course of synthesis during the DNA

synthesis by PCR.

INDUSTRIAL APPLICABILITY
In accordance with the present invention, the functional
15 site of aprotein with no information of function which obtained
bu genome analysis or ¢DNA analysis can be predicted. A novel
functional site of a protein with a known function can also
be predicted.
The thermophilic DNA polymerases provided by the present
20 invention can highly efficiently synthesize and amplify the
full length of a DNA fragment by PCR, whereby in vitro synthesis
and amplification of a DNA fragment and the nucleotide
sequencing thereof can be attained at a high precision in a
simple manner.

25



pol ymerases of the present invention can nore markedly elongate 10 DNA

fragments in the course of synthesis during the DNA synt hesis by PCR
| NDUSTRI AL APPLI CABI LI TY In accordance with the present
invention, the functional 15 site ofga protein with no information of
functi on which obtained bu genone anal ysis or cDNA anal ysis can be
predi cted. A novel functional site of a protein with a known function
can al so be predicted. The thernophilic DNA pol ynerases
provi ded he,_pres 20 invention can highly efficiently synthesize
and anpl§2§U%H§E L éﬂEﬁq | ength of a DNA fragnent by PCR, whereby in vitro
synt hesi s and anplification of a DNA fragnent and the nucl eoti de
sequenci R§% F& &6 ‘cdn be attained at a high precision in a si npl e
manner. 25 68
SEQUENCELENSTENG775 SEQIDNO: 1 LENGTH: 775 TYPE: anino
acid 5 MOLECULE TYPE: protein SEQUENCE Met Val Leu Asp Val
Asp Tyr M¥EEThamdgnge @aiddy Lys Pro Val lle 1 5

10 15

5 MOLECULE TYPE: protein

SEQUENCE
Met Val Leu Asp Val Asp Tyr |le Thr Glu Glu Gly Lys Pro Val lle

1 ] 10 15
Arg Leu Phe Lys Lys Glu Asn Gly Lys Phe Lys lle Glu His Asp Arg
10 20 25 30
Thr Phe Arg Pro Tyr lle Tyr Ala Leu Leu Arg Asp Asp Ser Lys lle
35 40 45
Glu Glu Val Lys Lys lie Thr Gly Glu Arg His Gly Lys |le Val Arg
50 85 60
15 Ile Val Asp Val Glu Lys Val Glu Lys Lys Phe Leu Gly Lys Pro |le
65 70 75 80
Thr Val Trp Lys Leu Tyr Leu Glu His Pro Gln Asp Val Pro Thr lle
85 90 95
Arg Glu Lys Val Arg Glu His Pro Ala Val Val Asp |le Phe Glu Tyr
20 100 105 110
Asp |le Pro Phe Ala Lys Arg Tyr Leu |le Asp Lys Gly Leu lle Pro
115 120 125
Met Glu Gly Glu Glu Glu Leu Lys lle Leu Ala Phe Asp Ile Glu Thr
130 135 140

25 Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro lle Ile Met |lle



Arg
20
Tyr
40
Ay
15
65
Val
85
H s
105
Lys
125
130

69
160
165
Val
185
Asp
205

Leu Phe Lys Lys Glu Asn Ay Lys Phe Lys Ile Qu His Asp Arg 10
30 Thr Phe Arg Pro Tyr Ile

Ala Leu Leu Arg Asp Asp Ser Lys lle 35

45 Gu GdéepVal Lys Lys Ile Thr Ay Qu Arg Hi s
Lys Ile Val Arg 50 55 60

Ile Val Asp Val Qu Lys Val Qu Lys Lys Phe Leu Ay Lys Pro Ile

70 75 - 80 Thr
Trp Ly45 Leu Tyr Leu Ausddis Pro A n Aspsgal Pro Thr Il e 160

90 95 Arg Gu Lys Val Arg u

Pro Aber Y3l Mal Ae,smllul RsPiteu@id 0y9 vaPOie Thr Trp Lys Asn 11@Q0
Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp

Gy Leu lle Pro 165 115499 178
Met Qu Gly Gu Gu du Leu Lys Ile Leu Ala Phe Asp Ile Qu Thr

s u dy Qu
Phe GAilp Il:;g Pro THA allI Ce-ilt., IVaI aI ?Tr Seﬂ'dcgu g|5g GIuLIﬁEéjc TYé le's
5 145 150
Ser Tyr A?a Asp G u Asn du Ala Lys Val 1le Thr Trp Lys Asn Ile
17 e ro Tyr Val GQu
shre e \S,AH o e LInAre Gl Ly Aspro Ase 1o PR VEI 1
190 Phe Leu Arg Ile_lle Arg Qu Lys Asp Pro
lle Ile val ™ gL 195 25 © 500
Tyr Asnpgly ?sg gASr Phe Asp fb%eﬁglpo I?yr LF;I;JOA;Q/ LyseHrg A‘?a I'G)'IIS Arg Ala Gu
210 215 220

10 Lys Leu Gly lle Lys Leu Thr |le Gly Arg Asp Gly Ser Glu Pro Lys
225 230 235 240
Met Gin Arg lle Gly Asp Met Thr Ala Val Glu Val Lys Gly Arg lle
245 250 255
His Phe Asp Leu Tyr His Val |le Thr Arg Thr lle Asn Leu Pro Thr
15 260 265 270
Tyr Thr Leu Glu Ala Val Tyr Glu Ala |le Phe Gly Lys Pro Lys Glu
275 280 285
Lys Val Tyr Ala Asp Glu lle Ala Lys Ala Trp Glu Ser Gly Glu Asn
290 295 300
20 Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Ala Thr Tyr
305 310 - - 315 320
Glu Leu Gly Lys Glu Phe Leu Pro Met Glu lle Gin Leu Ser Arg Leu
325 330 335
Val Gly GIn Pro Leu Trp A;p Val Ser Arg Ser Ser Thr Gly Asn Leu

25 340 345 350



210
Thr
235
Val

255
15

Thr
275
Ile
300
305
Leu
325

345
Val

355
Au
380
385
Val

405
Thr

Lys

Leu

Al a
20

Ay
Val

(gu

du

Tyr

Leu

10

15

20

25

215 220 10 Lys Leu Gy Ile Lys Leu

Gy Arg Asp Ay Ser Au Pro Lys 225 230
240 Mt Gn Arg Ile Ay Asp Met Thr Ala Val Qu
Ay Arg Ile 70 245 250
H's Phe Asp Leu Tyr His Val Ile Thr Arg Thr Ile Asn Leu Pro Thr
260 265 270 Tyr

GQu Ala Val Tyr AQu Ala lle Phe Ay Lys Pro Lys Gu
Val Glu Trp Ph#8Qeu Leu Arg Lys Ala Tyr28%u Arg Asn KME Yal ATyr Ala Asp Gu

Lys Ala Trp u Ser Ay @ u Asn 295
Leu @sy Arg Val Ala LygggTyr Ser Met G gﬁf\Sp Ala Lys Ala Thr Tyr

310 315 320 Au
Ly Sy LBQePrj-oe'SePr@l Mty Gy 'NreGﬁ g EeH'gSEéu 'N? é—ﬁ}JSG h Pro Leu Trp
Ser Akg Ser SggoThr Gb-y5Asn Leu 25 444 340 20
T'lrﬁ ?ﬂr Gl‘le%l:%gheAr\glLyys %IIL? P-I;%rG%ggé‘r(ﬂ yAlS_eu Srg %@J AEys Pro Ser du
T, Gn Arg Arg L rg Au Ser 370 375
:}lsrsTyr Thr Ay @ e Val Lys Gudo Qu Lys Gy 68% Trp A u Asn

39 400 Ile
LEke Xab Taficlsi 4= e &t A7 o eeProiSery Lo g i T

410 415 H s A§s§1 Val Ser Pro Asp
Asn Leu GQu G)‘}oas Lys Asn Tyr410 4

His Asn Val Ser Pro Asp Thr Leu Asn Leu Glu Gly Cys Lys Asn Tyr
420 425 430
Asp |le Ala Pro Gin Val Gly His Lys Phe Cys Lys Asp lle Pro Gly
435 440 445
Phe lle Pro Ser Leu Leu Gly His Leu Leu Glu Glu Arg Gin Lys |lle
450 455 460
Lys Thr Lys Met Lys Glu Thr Gln Asp Pro lle Glu Lys |le Leu Leu
465 470 475 480
Asp Tyr Arg Gin Lys Ala lle Lys Leu Leu Ala Asn Ser Phe Tyr Gly
- 485 490 495
Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu
500 505 510
Ser Val Thr Ala Trp Gly Arg Lys Tyr |le Glu Leu Val Trp Lys Glu
515 520 525
Leu Glu Glu Lys Tyr Gly Phe Lys Val |le Tyr Ser Asp Thr Asp Gly
530 935 540

Phe Phe Ala Thr lle Pro Gly Gly Glu Ser Glu Glu Ile Lys Lys Lys



10

I'le
435
dy
460
465
Tyr
485
Al a
505
Leu
525
530
Ay
71

560
565
Phe T
585
Val
605
610

420 425 430 Asp

Ala Pro dn Val Gy H's Lys Phe Cys Lys Asp Ile Pro Ay
440 445 Phe Ile Pro Ser Leu Leu
H's Leu Leu u Qu Arg An Lys llie 450 455
15 Lys Thr Lys Met Lys GQu Thr G n Asp Pro Ile Qu Lys Ile Leu Leu
470 475 480 Asp
Arg Gn Lys Ala Ile Lys Leu Leu Ala Asn- Ser Phe Tyr Gy
545 490 550 4955 Tyr Tyrd@y Tyr Ala Lys
Arg Trp Tyr Cys Lys Qu Cys Ala Gu 20 500

Ala Leu Glu PheS¥8! Lys Tyr $e¢ A¥AlSeFhryAllzuTPio Gy lArugLéxys Tyr Ile Qu

Val Trp Lys Gu 515
Leu Au Gusgys Tyr Ay Phe d¢s Val 1le Tyr Sga;rs Asp Thr Asp Gy
- 535 540 25 Phe Phe Ala Thr Ile Pro

dy Gl Ury@ g ! S
@y gﬁ% ye Ayl E%lg Lk¥SArg Gly Phe Phe VgI55Thr Lys

Al a Leu gggu Phe Val Lys Ile Asn Ser Lyggleu Pro Gy Leu Leu
> 570 545 575 éu Leu Gu Tyr u Ay

LLX/% ﬂ%g Tg;' Yl Sﬁm%vﬂp Em Gkr ;GLVyryilvalVHe Tre A,&fp g)u GQu Ay Lys

Ile Thr Arg y 595 600
Leu ulle Val ArgAF%AspTrpSer GluqleAIaLys Gu Thr dn

Leu Glu lle V;ilirg Arg Asp Trp Ser Glu %?e Ala Lys Glu Thr Gin
610 615 620
10 Ala Arg Val Leu Giu Thr |le Leu Lys His Gly Asp Val Glu Glu Ala
625 630 635 640
Val Arg lle Val Lys Glu Val |le Gln Lys Leu Ala Asn Tyr Glu lle
645 650 655
Pro Pro Glu Lys Leu Ala lle Tyr Glu Gln Ile Thr Arg Pro Leu His
15 660 665 670
Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Lys Leu Ala
675 680 | 685
Ala Lys Gly Val Lys lle Lys Pro Gly Met Val |le Gly Tyr lle Val
690 695 700
20 Leu Arg Gly Asp Gly Pro lle Ser Asn Arg Ala lle Leu Ala Glu Glu
705 710 ' 715 720
Tyr Asp Pro Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr lle Glu Asn
725 730 735
Gln Val Leu Pro Ala Val Leu Arg Ile Leu Glu Gly Phe Gly Tyr Arg

25 740 745 750



10 Ala Arg Val Leu Gu Thr Ile Leu Lys Hs Gy Asp Val Au Qu Aa

625 630 635 640

Val Arg Ile Val Lys Qu Val Ile An Lys Leu Ala Asn Tyr Gu lle

645 650 72 655 Pro Pro Qu Lys Leu Ala
Ile Tyr GQu @n Ile Thr Arg Pro Leu H's 15 660

665 670 GQu Tyr Lys Ala lle dy Pro H's Vval Al a Val
Ala Lys Lys Leu Al a 675 : 680

685 Lys Ala hys L@lJYAr\éah'yL)(ﬁnl Les NS API’gOGIGI VaMatiyVedu IThe Sdry Tyr 1l e Val
690 70 20 Leu Arg Ay Asp Gly Pro
Il e Ser AsnArg75>§aIIe Leu Ala g GQu 70f5 710
715 720 Tyr Asp Pro Lys Lys His Lys Tyr Asp Ala Gu
Tyr Tyr WLEC&@UUAQ‘?” le Lys Lys Ser 725 730

735 Val Leu Pro"Ala Val Leu Arg Ile Leu Gu Gy Phe Ay Tyr Arg
25 770 740 775 745 750

72 Lys Gu Asp Leu Arg Tyr Adn Lys Thr Arg A n Val Gy Leu Thr Ser
755 760 765 Trp Leu Asn Ile Lys Lys Ser
770 5 775 5 SEQID NO.: 2 LENGTH: 35 TYPE

nucl eic acid STRANDEDNESS: si ngl e

SEQ ID NO.: 2
LENGTH: 35
TYPE: nucleic acid
STRANDEDNESS: single
10 TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA

SEQUENCE
GTGGGGAGCA CCATGGTTTT AGATGTGGAT TACAT 35

15 SEQ ID NO.: 3
LENGTH: 35
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

20 MOLECULE TYPE: synthetic DNA

SEQUENCE
GCATGCAGAT AGACCATTTC TAACGAAGGC GTTTG _ 35

SEQ ID NO.: 4

25 LENGTH: 66



10 TOPOLOGY: |i near MOLECULE TYPE: synthetic DNA SEQUENCE

GTGGGGAGCA CCATGGTTTT AGATGIGGAT TACAT 35 15 SEQ ID NO :
3 LENGTH: 35 TYPE: nucleic acid STRANDEDNESS: si ngl e
TOPOLOGY: |inear 20 MOLECULE TYPE: g@nt hetic DNA SEQUENCE

GCATGCAGAT AGACCATTTC TAACGAAGGC GITTG 35 SEQ I D NO. :
4 25 LENGTH. 66 73

TYPE: nucleic acid STRANDEDNESS: si ngl e TOPOLOGY: |inear

MOLECUL E: tic. 5 SEQUENCE CTCGAAGAAA AGTATGGATT
TAAAGTCAEli%ggAd\% é%‘%TT CTTTGCAACT 60 ATCCCA
66 STRANDEDNESS: single

TOPOLOGY: linear

MOLECULE TYPE: synthetic DNA

5 SEQUENCE
CTCGAAGAAA AGTATGGATT TAAAGTCATC TACAGTGACA CTGATGGTTT CTTTGCAACT 60

ATCCCA 66

SEQ ID NO.: 5

10 LENGTH: 66
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA

15 SEQUENCE
TGGGATAGTT GCAAAGAAAC CATCAGTGTC ACTGTAGATG ACTTTAAATC CATACTTTTC 60

TTCGAG 66

SEQ ID NO.: 6

20 LENGTH: 775
TYPE: amino acid
MOLECULE TYPE: protein

SEQUENCE
Met Val Leu Asp Val Asp Tyr lle Thr Glu Glu Gly Lys Pro Val lle

25 1 6 10 15



SEQID NO.: 5 10 LENGIH 66 TYPE: nucleic acid STRANDEDNESS:

singl e TOPOLOGY: |i near MOLECULE TYPE: synthetic DNA 15

SEQUENCE TGGGATAGIT GCAAAGAAAC CATCAGWGWC ACTGTAGATG ACTTTAAATC
CATACTTTTC 60 TTCGAG

66 SEQID NO: 6 20 LENGTH: 775 TYPE: am no acid

MOLECULE TYPE: protein SEQUENCE I\/bt Val Leu Asp Val Asp Tyr Ile
Thr Gu Au Ay Lys Pro Val Ile 25 1 5 10
15 Arg Leu Phe Lys Lys Glu Asn Gly Lys Phe Lys Ile Gy His Asp ArgArg Leu Phe
Lys Lys Qu Asn Ay Lys Phe Lys Ile Au H's Asp Arg 20
25 280 Thr Ph@5Arg Pro Tyr |11e30yr Ala Leu Leu Arg
Asp Asp Ser Lys lle 35 40

45 5 Tt PHel ﬂrg/éiroLIAe— Lys ﬂylreA%LeGl;equrtg Asg AdpsSé&t Y ykeybld | e Val Arg
50 55 Ile Val Asp Val GI u Lys
Val Gu Lys Lys Pg® Leu Ay Lys Prgplle 65 45

75 80

5 Glu Glu Val Lys Lys |le Thr Gly Glu Arg His Gly Lys Ile Val Arg
50 55 60

[le Val Asp Val Glu Lys Val Giu Lys Lys Phe Leu Gly Lys Pro fle
65 70 75 80
Thr Val Trp Lys Leu Tyr Leu Glu His Pro Gln Asp Val Pro Thr lle

10 85 80 g5
Arg Glu Lys Val Arg Glu His Pro Ala Val Val Asp Ile Phe Glu Tyr

100 105 110
Asp lle Pro Phe Ala Lys Arg Tyr Leu |le Asp Lys Gly Leu Ille Pro
115 120 125
15 Met Glu Gly Glu Glu Glu Leu Lys lle Leu Ala Phe Asp lle Glu Thr
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro lle lle Met Ile
145 150 155 160
Ser Tyr Ala Asp Glu Asn Glu Ala Lys Val Ile Thr Trp Lys Asn lle

20 165 170 175
Asp Leu Pro Tyr Val Glu Val Val Ser Ser Glu Arg Gliu Met lle Lys

180 185 190
Arg Phe Leu Arg lle lle Arg Glu Lys Asp Pro Asp lle lle Val Thr
185 200 205

25 Tyr Asn Gly Asp Ser Phe Asp Phe Pro Tyr Leu Ala Lys Arg Ala Glu



Thr
85

H s
105
Lys
125
130
Au
155
Thr
175
180
Arg
200
Al a
210
Thr
235
Val

255
260
Tyr

Val Trp Lys Leu Tyr Leu Qu H's Pro An Asp Val Pro Thr Ile 10

90 95 Arg Qu Lys Val Arg Qu
Pro Ala Val Val Asp Ile Phe Gu Tyr 100
110 Asp IM%e Pro Phe Ala Lys Arg Tyr Leu Ile Asp
Gy Leulle Pro 115 120
15 Mt Qu Gy Qu GQu GQu Leu Lys Ile Leu Ala Phe Asp Ile @u Thr
135 140 Leu Tyr Hs u dy GQu
Phe Ay kys Ay Pro lle IS5 Mt Ile 22045 150
160 Ser Tyr Ala Asp Qu Asn Gu Ala Lys Vval Ile

Trp Lws Bsw dilvel 12Qys Leu Thr Ile Gly Arg Asp6®ly Ser Glu Pro Lys 170
Asp Leu Pro Tyr Val du Val Val Ser Ser Qu Arg Gu Met Ile Lys

225 185 230 1985 Arg Phesugu Arg Ile lle
Gu Lys Asp Pro Asp Ile Ile Val Thr 195
Met Gin Acg 11ERy A Met THF ASNVE Y105 1Seys g Asp (PBe Pro_Tyr Leu
Lys Arg Al a Gu 75
21 20 " Lys by Gy Ile Lys Leu
He Gy Arg Asp G?A'ger Gu Pro Lys258 225 230
. 24 . t e Ala Val Qu
Lys dlys KPE] IﬁpeLe%q'yr His Va,VEI qukn' R‘FQQJE\% Ig Xsﬁ%uwp;o WF 250
H s Phe ﬁécg Leu Tyr Hi s Vféslle Thr Arg Thyzolle Asn Leu Pro Thr
5 270 yr Thr Leu Gu Al a Val
Au A2 ble RNeeR A5 o™ B8 Hali1e pre aly Lys Pro Lys @lu
275 280 285

10 Lys Val Tyr Ala Asp Glu |le Ala Lys Ala Trp Glu Ser Gly Glu Asn
290 295 300
Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Ala Thr Tyr
305 310 315 320
Glu Leu Gly Lys Glu Phe Leu Pro Met Glu lle GIn Leu Ser Arg Leu
15 325 330 335
Val Gly GIn Pro Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu
340 345 350
Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Val Ala
355 360 365
20 Pro Asn Lys Pro Ser Glu Glu Glu Tyr Gin Arg Arg Leu Arg Glu Ser
370 375 380
Tyr Thr Gly Gly Phe Val Lys Glu Pro Glu Lys Gly Leu Trp Glu Asn
385 390 395 400
Ile Val Tyr Leu Asp Phe Arg Ala Leu Tyr Pro Ser lle lle lle Thr

25 405 410 415



275
I'le
300
305
Leu
325

345
Arg
365
370
Lys
395
Ser
415
Ser
425
Lys
445
450
Thr
475
Asn

280 285 10 Lys Val Tyr Ala Asp GQu
Ala Lys Ala Trp Gu Ser Ay G u Asn 290 295
Leu Gu Arg Val Ala Lys Tyr Ser Met Qu Asp Ala Lys Ala Thr Tyr
310 76 315 320 Au
Gy Lys u Phe Leu Pro Mt Qu Ile A n Leu Ser Arg Leu 15
330 335 Val Gy @n Pro Leu Trp
Val Ser Arg Ser Ser Thr Ay Asn Leu : 340
His Asn Val Ser3®® Asp Thr MR Ag\ Yed! @1 Py L3kt Ly Aé\ﬁgT)#yS Ala Tyr Qu
Asn Au Val A a
20 Pro Asn Aoys Pro Ser GQu 925’ GQu Tyr An AagbArg Leu Arg G u Ser
375 380 Tyr Thr Ay Gy Phe Val
Au R u u 390
ASB ﬁe AH%"SO%M_WIE@I&@ bQ?rb‘F;?rc{ %sAsspPhe ya Leu Tyr Pro
e lle lle r 25 405 410
33 440 44576 Hs Asn Val
Pro Thr Le L Ly n Tyr 420
57° R 13 P'°%e'4§ﬁ‘ (aly %L%Z_e §|é§6ucgrﬁ Gt eyl s Lys phe Oys
Asp Ile o Ay 435 440
5 Ile Pro Ser Lét¥Leu Ay HIS LeL‘}GEeu Gu Gu Arg dn Lys Ile
Lys Thr Lys Met Lys GQu
dn A¥p Brolys éﬂeél hVSL%UJhé EBUAE%LFVO Ple Glygeys Ile Leu Leu 470
480 Asp Tyr ArgGInLysAlaIIelbys Leu Leu Al a
Ser B Tyr Ay 4170 75 48
Asp Tyr Arg Gln Lys Ala |le Lys Leu Leu Ala Asn Ser Phe Tyr Gly
10 485 490 495
Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu
500 505 510
Ser Val Thr Ala Trp Gly Arg Lys Tyr |lle Glu Leu Val Trp Lys Glu
515 520 525
15 Leu Glu Glu Lys Phe Gly Phe Lys Val Leu Tyr lle Asp Thr Asp Gly
530 535 540
Leu Tyr Ala Thr lle Pro Gly Gly Glu Ser Glu Giu lle Lys Lys Lys
545 550 555 560
Ala Leu Glu Phe Val Lys Tyr |le Asn Ser Lys Leu Pro Gly Leu Leu
20 585 570 575
Glu Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys
580 585 590
Lys Arg Tyr Ala Val |le Asp Glu Glu Gly Lys Val |le Thr Arg Gly
595 600 605
25 Leu Glu Ile Val Arg Arg Asp Trp Ser Glu |le Ala Lys Glu Thr Gln



10

Tyr
500
Arg
520
I'le
Leu
550
Lys
570
Phe
590
595
Asp

Arg
630
Au
650
Thr
670
675

Tyr
Lys

Asp
Tyr

Tyr
Phe

Trp

Vgl
Val

Arg

10

15

20

25

485 490 495
Gy Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Qu Cys Ala Qu
505 510 Ser Val Thr Ala Trp Gy
Tyr Ile Au Leu Val Trp Lys Giu 515
525 15 Leu Gu GQu Lys Phe Ay Phe Lys Val Leu Tyr
Thr Asp Ay 530 535 540
Ala Thr Ile Pro Ay Ay Qu Ser Qu Gu Ile Lys Lys Lys 545
810 555 615 560 g20 Ala Leu du Phe Val
Ile Asn Ser Lys Leu Pro Ay Leu Leu 20 565
Ala_Arg Val 1R(SGIu Thr 1@ led-8Ys @Y &V AW BIFMATNIa Lys Arg Ay
Val Thr™ Lys 580 585

ys Arg Tyr Al a | Ile Asp GQu dy Lys Val Thr Arg Ay
625 - 600 o3 60 5J25 Leu Qu Hd; Val Arg Arg

S‘%/raICirug II lééa_o\f‘allamlr‘é/%lg\}dalﬂl][e glglLé/s Leu Ala Asn Tyr GIUthF Al a

Leu Gu Thr Ile ulLys Hs Ay p Val Gu Qu 625
6588 6% 40 Val Aé/i%g Ile Val Lys
Il e n s Leu, Al g Asn Tyr ulle . 645
FFo Prb b1 Lygghkeu Ara nePﬁ(H Srlb (lt'_-li”u' L"y?h[eﬁ'%AFé°lLle€ ¥ qudanile
Pro Leu H's _ 660 665
Au Tyr L@ﬁ@ Ala lle Ay PEBSH s Val Ala Vaf'% a Lys Lys Leu Al a

Glu Tyr Lys Algs?le Gly Pro His VaI.AIa6§§I Ala Lys Lys Leu Ala
675 680 685

Ala Lys Gly Val Lys |le Lys Pro Gly Met Val lle Gly Tyr |le Val

690 695 700

Leu Arg Gly Asp Gly Arg |lle Arg Asp Arg Ala Ile Pro Ala Glu Glu

705 710 75 720

Tyr Asp Pro Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr lle Glu Asn

725 730 735
Gln Val Leu Pro Ala Val Lgu Arg lle Leu Glu Gly Phe Gly Tyr Arg
740 745 750

Lys Giu Asp Leu Arg Tyr Gin Lys Thr Arg GIn Val Gly Leu Thr Ser
755 760 765

frp Leu Asn lle Lys Lys Ser

770 775

SEQ ID NO.: 7
LENGTH: 775

TYPE: amino acid



10 Ala Lys Ay Val Lys Ile Lys Pro Gy Met Val Ile Ay Tyr Ile Val

690 695 700 Leu Arg Ay Asp Ay Arg
Ile Arg Asp Arg Ala Ile Pro Ala Gu Qu 705 710
715 720 Tyr Agg Pro Lys Lys His Lys Tyr Asp Ala Gu
Tyr Tyr Ile Gu Asn 15 725 730

735 G@n VvVal Leu Pro Ala Val Leu Arg Ile Leu Qu Ay Phe Ay Tyr Arg
740 745 750 Lys Gu Asp Leu Arg
Tyr A n Lys Tht. Arg. A3 n Val dy Leu Thr Ser 755

760 MoLECULE %PEIBSPr?EelX Trp Leu Asn Ile Lys Lys Ser 770
775 SEQ ID NO.: 7 LENGTH: 775 25 TYPE: amino acid

78 SEQUENSEULE TYPE: protein SEQUENCE Met Val Leu Asp Val
Asp Tyr |hLe. Thr u ,d Lys P | dle 5

10 e VL B Splvat Msb T XY R Syl Brad ' d U Lys phe Lys
Ile Au H s ,Asp Arg 0 25

30 Thr Phe Arg Pr05Tyr Ile Tyr Al d%eu Leu Arg Asp”&sp Ser Lys Ille

':I))'ﬁr By MEAy Pie Légyhﬁ,glymesn\é!y g PredLys 1le 6ia Hidalp Rrg LYS Lys e

20 25 30
Thr Phe Arg Pro fyr Ile Tyr Ala Leu Leu Arg Asp Asp Ser Lys lle
35 40 45
Glu Glu Val Lys Lys lle Thr Gly Glu Arg His Gly Lys |le Val Arg
10 50 55 : 60
Ile Val Asp Val Glu Lys Val Glu Lys Lys Phe Leu Gly Lys Pro lle
65 70 75 80
Thr Yal Trp Lys Leu Tyr Leu Glu His Pro GIn Asp Val Pro Thr lle
85 90 g5
15 Arg Glu Lys Val Arg Glu His Pro Ala Val Val Asp ile Phe Glu Tyr
100 105 110
Asp lle Pro Phe Ala Lys Arg Tyr Leu lle Asp Lys Gly Leu lle Pro
115 120 125
Met Glu Gly Giu Glu Glu Leu Lys lle Leu Ala Phe Asp lle Glu Thr
20 130 135 140
Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro Ile Ile Met Ile
145 150 155 _ 160
Ser Tyr Ala Asp Glu Asn Glu Ala Lys Val lle Thr Trp Lys Asn lle
165 170 175

25 Asp Leu Pro Tyr Val Glu Val Val Ser Ser Glu Arg Glu Met lle Lys



10
Val
70
Leu
90
Asp
110
115
Leu
140
145
Ser
165
Val
79
Arg
195
Asp
220
225
Adn
245

du
Au

Ile
Lys

Tyr

Val

Pge

Phe

Arg

10

15

20

25

50 55 60 e Val Asp
Lys Val Qu Lys Lys Phe Leu Ay Lys Pro Ile 65
75 80 Thr Val Trp Lys Leu Tyr
Hs Pro Gn Asp Val Pro Thr Ite 85
95 15 Arg Gu Lys Val Arg u H's Pro Ala Val Val
Phe A u Tyr 100 105
Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Ay Leu lle Pro
1820 185 125 MppoAdu Ay Gu Qu Qu
Ile Leu Ala Phe Asp Ile Gu Thr 20 130 135

ArkRheTlVéu Hrg A 1@ YArE &I fALYs Bts% By akysi A YIénallfig 1le Met lle
150 55 160

Ala Asp @# Asn Gu Ala Lyg Val Ile Thr Tggs Lys Asn Ile
- 170 175 25 Asp Leu Pro Tyr Val du

S?E/r %srn 6':”1 A’g‘EgSeqlgBWSpl !’P?e |P¥§ Tyr Leulééa Lys Arg Ala Glu

Leu lle lle Arg Ga:Lys Asp Pro As le Ile Val Thr
'%% 200 Hs 205 Q‘Zb Tyr Asn Ay Asp Ser Phe
Pro Tyr u . Ala L Ar o u 5 21 215
Lyf;J'se”L!éﬁy él@ﬁ‘f%%?sﬁlfﬂf%ﬁylﬁré R GAYgseAsglﬁp§°§e¥s A u Pro Lys
230 23 40 Met
IlzgsGly Asp Met Th3% a val G u Valg:f_‘ri/s Gy Arg Ilez‘go

50 25
Met GIn Arg I%e Gly Asp Met Thr Ala Val élu Val Lys Gly Arg lle

190

245 250 255
His Phe Asp Leu Tyr His Val Ile Thr Arg Thr Ile Asn Leu Pro Thr
260 265 270
Tyr Thr Leu Glu Ala Val Tyr Glu Ala lle Phe Gly Lys Pro Lys Glu
275 280 285
Lys Val Tyr Ala Asp Glu lle Ala Lys Ala Trp Glu Ser Gly Glu Asn
290 295 300
Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Ala Thr Tyr
305 310 315 320
Glu Leu Gly Lys Glu Phe Leu Pro Met Glu 1le Gln Leu Ser Arg Leu
325 330 335
Val Gly Gin Pro Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu
340 345 350
Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Val Ala
355 360 365
Pro Asn Lys Pro Ser Glu Glu Glu Tyr Gln Arg Arg Leu Arg Glu Ser

370 375 380



10

260
Tyr
280
du
Leu
310
Leu
330
Ser
350
355

H's Phe Asp Leu Tyr His Val Ile Thr Arg Thr Ile Asn Leu Pro Thr

Au

Ser
du

Pro

Thr

Hi s

10

15

20

25

265 270 Tyr Thr Leu A u Al a Val
Ala Ile Phe Gy Lys Pro Lys GQu 275

285 Lys vab Tyr Ala Asp Gu Ile Ala Lys Ala Trp
dy GQu Asn 15 290 295 300
Arg Val Ala Lys Tyr Ser Met GQu Asp Ala Lys Ala Thr Tyr 305

315 320 GQu Leu Ay Lys G u Phe

MIyr @ht Gl e QBynPhe VaberysAGL Pedl Glu Lys Gly Leu Trp Glu Asn 325
335 20 Val Ay @n Pro Leu Trp Asp Val Ser Arg Ser
G3g5Asn Leu 390 340395 Py
Val Qu Trp Phe Leu Leu Arg Lys Ala Tyr Gu Arg Asn Au Val A a

tle Val Tyr L300Asp Phe Arg Ala Leu Ty$65ro Ser ||ePr| P A3R ts Pro Ser GQu
Tyr Gn Arg Arg Leu Arg A u Ser 375

405 80 4 Tyr Thr
Phe Val Lys Gu Pro Qu Lys Gyﬁ_eu Trp Au As 19 385

I I r Leu Asp Phe
Lgds yr %9 Pr s?lThrI Il.eu .Pﬁn Leu elu Gly Cys L?s \A%n ﬂ}’r 405

15 5 Hi s Val Ser Pro Thr Leu Asn Leu du
Lys Asn Tyr 42 98 350 Aa8 T o

ashPrel hFa BB ST vaY BV OLYs g, BYS VRS e B0, 1L Pro @Y

Yo Ser Leu Leu
Leu Leu %g GQu Arg dn foolle 445

Phe 1le Pro Ser Leu Leu Gly His Leu Leu Glu Glu Arg Gln Lys lle
450 455 460
Lys Thr Lys Met Lys Glu Thr GIn Asp Pro lle Glu Lys |le Leu Leu
465 470 475 480
Asp Tyr Arg Gln Lys Ala lle Lys Leu Leu Ala Asn Ser Phe Tyr Gly
485 490 495
Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu
500 505 510
Ser Val Thr Ala Trp Gly Arg Lys Tyr |le Glu Leu Val Trp Lys Glu
515 520 525
Leu Glu Glu Lys Phe Gly Phe Lys Val Leu Tyr lle Asp Thr Asp Gly
530 535 540
Leu Tyr Ala Thr |le Pro Gly Gly Glu Ser Glu Glu lle Lys Lys Lys
545 550 555 _ 560
Ala Leu Glu Phe Val Lys Tyr |le Asn Ser Lys Leu Pro Gly Leu Leu
565 570 575

Glu Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys
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Met
470
Al a
490
Lys
510
515
Phe
540
545
Al a
565
Phe
81

Lys
595
Asp
620
625
Val
645

Lys

du
Lys

Leu

Tyr

ALg

Trp

Arg

10

15

20

25

450 455 460 Lys Thr Lys

GQu Thr An Asp Prolle Qu Lys Ile Leu Leu 465
475 480 Asp Tyr Arg @ n Lys
Lys Leu Leu Ala Asn Ser Phe Tgr dvy 485
495 15 Tyr Tyr Ay Tyr Ala Lys Ala Arg Trp Tyr Cys
Cys Ala Gu 500 505
Ser Val Thr Ala Trp Ay Arg Lys Tyr Ile Qu Leu Val Trp Lys GQu
320 585 525 Leeo d u Qu Lys Phe Ay
Val Leu Tyr Ile Asp Thr Asp Ay 20 530 535

LybeabgTYyr Aia VI ||IEQASB"@ILGGYU@D§’ Q4 veer| 1@ shSadgl &8 Lys Lys Lys
550 55 560

G u Phe ¥g4 Lys Tyr Ile Aggh Ser Lys Leu PrggsGy Leu Leu
- 570 575 25 Gu Leu du Tyr Au Gy

Lxgu%IQJ ﬁé’ \ng]eAlp%gégaAspTﬂrp %¥§ Glu ll%ééa Lys Glu Thr Gln

590
Tyr Val Ile Asp Gu.GQu Ay Lys Val,,Lle Thr Arg Ay
%1% 600 615 605 626 Leu Gu Ile Val Arg Arg
Ser. ulle Ala @ u Thr n, 5 1 615
%lﬂ%gA%F\'ﬁlu ?_Qﬁ@' uH?hCeH E s\t Bs APPSV% g“AsGd”\/%ﬁa Au du Al a

630 63 640
| 83 val Lys Qu vaf3Pie @n Lys Leugﬁ a Asn Tyr Qu 4%

Val Arg lle JZ?OLys Glu Val ile Gln L;ESEEU Ala Asn Tyr Glu lle
645 650 655
Pro Pro Giu Lys Leu Ala lle Tyr Glu GiIn lle Thr Arg Pro Leu His
660 665 670
Glu Tyr Lys Ala lle Gly Pro His Val Ala Val Ala Lys Lys Leu Ala
675 680 685
Ala Lys Gly Val Lys lle Lys Pro Gly Met Val lIle Gly Tyr |lle Val
690 695 700
Leu Arg Gly Asp Gly Pro lle Ser Asn Arg Ala lle Pro Ala Glu Glu
705 710 715 720
Tyr Asp Pro Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr lle Glu Asn
725 730 735
Gln Val Leu Pro Ala Val Leu Arg lle Leu Glu Gly Phe Gly Tyr Arg
740 745 750
Lys Glu Asp Leu Arg Tyr GIn Lys Thr Arg Gin Val Gly Leu Thr Ser
755 760 765
Trp Leu Asn lle Lys Lys Ser

770 775



10 Pro Pro Qu Lys Leu Ala lle Tyr Qu @n Ile Thr Arg Pro Leu Hi's

660 665 670 GQu Tyr Lys Ala lle Ay
Pro Hs Val Ala Val Ala Lys Lys Leu Al a 675

680 685 Ala B Ay Val Lys Ile Lys Pro Ay Mt Val
Ile Ay Tyr Ile Val 15 690 695

700 Leu Arg Gly Asp Ay Pro lle Ser Asn Arg Ala Ile Pro Ala Qu Qu
705 710 715 720

Tyr Asp Pro Lys Lys His Lys Tyr Asp Ala Qu Tyr Tyr Ile @u Asn

725 730 735 20 Gn Val Leu Pro Ala Val
Leu Arg éﬁﬁ EgUNE U @I y Phe Gy Tyr Arg 740

745 Lys Gu Asp Leu Arg Tyr Adn Lys Thr Arg A n
Val Gy I r 755 760

765 EEH‘TEH B8 e Ile Lys Lys Ser 25 770 775
82 SE LENGTH: 49 TYPE: nucleic acid 5
STRANDEDNE%E QCRF“’ 2e18r oo oGy 11 near MOLECULE TYPE: synthetic

é’?&%@%}: ss: SJ_ng(EGCGATG GICGAATTCG CGATAGGGCA ATTCCAGCTG
AGGAA5 TA )

TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA
SEQUENCE
AGAGGCGATG GTCGAATTCG CGATAGGGCA ATTCCAGCTG AGGAATACG 49
10
SEQ ID NO.: 9
LENGTH: 49
TYPE: nucleic acid
STRANDEDNESS: single
15 TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA

SEQUENCE
CGTATTCCTC AGCTGGAATT GCCCTATCGC GAATTCGACC ATCGCCTCT 49

20 SEQ ID NO.: 10
LENGTH: 40
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

25 MOLECULE TYPE: synthetic DNA



10 SEQID NO.: 9 LENGTH: 49 TYPE: nucleic acid

STRANDEDNESS: single 15 TOPOLOGY: I|i near MOLECULE TYPE: synthetic DNA
SEQUENCE CGTATTCCTC AGCTGGAATT GCCCTATCGC GAATTCGACC ATCGCCTCT 49
20 SEQ ID NO.: 10 LENGTH: 40 83 TYPE: nucleic acid
STRANDEDNESS: si ngl e TOPOLOGY: |inear 25 MOLECULE TYPE: synthetic DNA
83 SEQUENCE CCAATTAGCA ATAGGGCAAT TCCAGCTGAG GAATACGATC
40 SEQID NO: 11 5 LENGTH 40 TYPE: nucleic acid
STRANDEEQES&ENEhngIe

CCAATTAGCA ATAGGGCAAT TCCAGCTGAG GAATACGATC 40

SEQ ID NO.: 11

5 LENGTH: 40
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA

10 SEQUENCE
GATCGTATTC CTCAGCTGGA ATTGCCCTAT TGCTAATTGG 40



TOPOLOGY: | i near MOLECULE TYPE: synthetic DNA 10 SEQUENCE

GATCGTATTC CTCAGCTGGA ATTGCCCTAT TGCTAATTGG 40

84 CLAI V5 1. A nmethod for
predicting a functional site of a prd@4in derived fromthe entire
putative proteins of an organism"a" 5 of which genone data or cDNA data
I s known, which nethod conpri ses the steps of: (1) calculating

t he frequency of occurrence of each am no acid and the frequency of

occurrence of individual oligopeptid4asyg produced by permutations of
twenty amino acids in the amno 10 aclid sequences of the entire proteins
of the organism"a", and determ ning the smallest length (n) of

ol i gopepti des satisfying the following criteria, anong

ol i gopept i des,of ngt n t.he nunber _of .. ..ol igopeptides which
occur on%é i n®t gkgﬁ?igggp%gFg%ﬁngQSa functignal pi &P ?ga% Eﬁ%gﬁhﬂber of
ol i gopept,i des Lch ._occur twice in the engire proteins; anong
oIigopepgﬁﬁégeggkrOWeﬁﬁ?hen%hﬁﬂ)?u 3tHee RF nget an o ganlﬁWiB%%eptides
whi ch. occyr once in the entire proteins ) is larger, than the nunber
of OE goﬁgpt‘"?’&é’g’ WRgme 2gata or SONR 43§ ol 5 n KRREent T BEERAS,

(2) calculating in the entirefproteins of the organism"a",
comprises the steps of:

(1) calculating the frequency of occurrence of each amino acid
and the frequency of occurrence of individual oligopeptides
produced by permutations of twenty amino acids in the amino
10 acid sequences of the entire proteins of the organism “a”, and
determinihg the smallest length (n) of oligopeptides
satisfying the following criteria;
among oligopeptides of length (n), the number of
oligopeptides which occur once in the entire proteins
15 is smaller than the number of oligopeptides which
occur twice in the entire proteins; among
oligopeptides of length (n+l), the number of
oligopeptides which occur once in the entire proteins
is larger than the number of oligopeptides which
20 occur twice in the entire proteins,
(2) calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Aj-oligopeptide
of length (n+l), which is a part of the amino acid sequence
of length (L) of the protein as a subject for predicting a

25 functional site and contains an amino-acid residue Aj (n+l

) 0 O



t he frequency of occurrence of the follow ng A -oligopeptide of length
(n+l), which is a part of the am no acid sequence of length (L) of the
protein as a subject for predicting a 25 functional site and contains an
am no-acid residue Al (n+l 5 85
[err]] [err]<L-1) at the j-th positio% fromthe N-term nus of the am no

aci d sequence of the protein; Aj -oligopeptide: ajlaj2....Ai..

.aj naj (n+l) (wherein, 1f[err]i[err]n+l; Aj=Aji; and Al is the i-

5 th residue of the oligopeptide), and calculating in the
entire piof&hslbfatt hbea yhimipsmition from tthe N-tegmimeys of theamisace of
the followi ng Xi-oligopeptide of length (n+l);

Xi - ol i gopepd dmquagnicag 2L .thé .proteaimaj (n+l) 10 (wherein, the i-th
residue Xi is any am no aci d), (3) calculating ratio Yji

of the frequercy-cifigmpaptiedee 0§1aj2. .. 1AW A -digopeptide to that of the
Xi - ol i gopepti de, (4) calculating nean Y] of the Yji; 15 n+1

Yj = [err] Yjigherlin, 1=iSn+1l; Aj=hji; and D) L&lewdaiing functional
val ue Zj of Yj; Zj =1f(Y)) 20 (wherein, function f is a

nonotpnousl y decheaSidie of the oliddfedtide)or a nonotonously increasing
function), and defining the Zj value as a representative val ue of the
and calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Xi-oligopeptide
of length (n+l);
Xi-oligopeptide: ajlaj2....Xi....ajnaj(n+l)
iO {wherein, the i-th residue Xi is any amino
acid),
(3) calculating ratio Yji of the frequency of occurrence of
the Aj-oligopeptide to that of the Xi-oligopeptide,

(4) calculating mean Yj of the Yji;

15 n+1
Y3 = I Yii/(n+l),
i=1

(5) calculating functional value Zj of Y3
Z2j = £(Y¥3j)
20 (wherein, function f is a monotonously decreasing
function or a monotonously increasing function),
and defining the Z3j value as a representative value of the
function of the j-th amino-acid residue Aj of_ the amino acid
sequence of length (L), and
25 (6) repeating the steps (2) to (5) sequentially and

determining the Zj value of each Aj of all the amino-acid

RN O B



function of the j-th am no-acid residue Al of the am no acid seqguence
of length (L), and 25 (6) repeating the steps (2) to (5
sequentially and determ ning the Z value of each Aj of all the

am no-aci d 86 86 resi dues at
the positions between n+lf[err]j[err]L-n in the am no acid sequence of
|l ength (L), thereby predicting the degree of the I nvol venent of each
am no-acid residue in the function of the protein by using the

di mensi 00 iag Zt el BBs3tidRd BOLAELRt1 D) <1-ndn thdiFY Hedd

according to claim erein the Z value (n [err]j[err]L-n) of

1
h i no-aci d - - : : ), ©f
cxpr eosed e 8t 1 BOEEAn (Bhar troresy FrGAMLRE cne, pence e ng o

functional site of a protejin . derived.fromth ' ' pr ot ei ns
of an or gaeienent’ o' Sadhiamino AR KA L h Paf Y e Rl B KReP! BUO
nmet hod conpyi ses. the steps of; 1),,. . -
cal cul at PFQHFHY Hd%%@c%??‘%ﬂﬁ’e%‘? é’foﬁgﬁi%é’@‘ﬂﬂe 33 anarlladf'ﬁgtPFéquency
of occurrence of individual oligopeptides produced by permutations of
twenty anino acids in the amno acid sequences of the entire proteins
of the organism"a", (2) as to a protein of the or ani3f1"g",
(2') cal &l at iThe PREARE RFEPFELRT SOFRIBA ft‘ﬁ%eﬁ?ban‘*r%%%ﬂa"? usdntihe
frequency _of occurrence of the follow ng A -oligopeptide .

<3=L-n) of each amino-acid residue in the no acid sequence

of length (L) is expressed in a distribution chart.

10 3. A method for predicting a functional site of a protein
derived from the entire putative proteins of an organism “a”
of which genome data or cDNA data is known, which method
comprises the steps of:

(1) calculating the frequency of occurrence of each amino acid

15 and the frequency of occurrence of individual oligopeptides
produced by permutations of twenty amino acids in the amino
acid sequences of the entire proteins of the organism “a”,
(2) as to a protein of the organism “a”,

(2') calculating in the entire proteins of the organism “a”,

20 the frequency of occurrence of the following Aj -oligopeptide
of given length of (n) (1=n=<M, provided that M is the the
smallest length of oligopeptides satisfying the criterion that
all the oligopeptides of length M are at frequency 1 of the
occurrence) , which Aj-oligopeptide is a part of the amino acid

25 sequence of length (L) of the protein and contains an amino-acid

R



of given length of (n) (1[err]n[err]M provided that Mis the the

smal l est |l ength of oligopeptides satisfying the criterion that all the
ol i gopepti des of length Mare at frequency 1 of the occurrence), which
Aj -oligopeptide is a part of the ammngpyacid 25 sequence of length (L) of
the protein and contains an am no-acid

87 residue Aj (n[err]j[err]L-n+l) at the j-th position fromthe N
term nus of the amino acid sequence of the protein;

| d 1;
2 g] : ?Opeptl & é‘*i’[ h@%“‘ ljl+jr’ tﬂg 5beqds thy %S(V%%“So%"é% [gﬁé] kberr] and

cal cul ating in the entire protei ns of the org t he frequency

of occur FEFEERE e TG 1B 362D IIYBIRARS & %?dif%%@t h (n)

correspondl ng to the I ength of A -oligopeptide; Xi - ol i gopepti de:
ajlaj2....% .Al-gligogeptide: FIFasi%ein,-aHe i-tFPesidue Xi is any am no
acid), (3) calculating ratio Yji of the frequency of occurrence of
the A -oligopepptheeiro tiatl dn+iheA)FadlhigapdpPddéds the  (4) cal cul ating
mean Y(j,n) of the Yji; n 15 Y(j,n) = [err] Yji/ln,
i=1 5 (5) iddl mdsitdury dfiriche onldlgarereid®) , n) of Y(j,n);

Z(j,n) = -log(Y(j,n)), (6) repeating the steps (2') to (5)
sequent i alridy carlabu 120- i raetiay rtibe rgtihe Proteinsyafudhef oxgemism né”aci d
residue A at the j-th position (n[err]j[err]L-n+1l) in the am no acid

sequence tife frequency of occurrence of the following Xi- oligopeptide
of length (n) corresponding to the length of Aj-oligopeptide;
Xi-oligopeptide: ajlaj2....Xi....ajn
10 (wherein, the i-th residue Xi is any amino acid),
(3) calculating ratio Yji of the frequency of occurrence of
the Aj-oligopeptide to that of the Xi-oligopeptide,

(4) calculating mean Y(j,n) of the Yji;
n
15 Y(j,n) = X Y3ji/n,
i=1

(5) calculating functional value Z(j,n) of Y(j,n);
Z(j,n) = -log(¥(J,n)),

(6) repeating the steps (2') to (5) sequentially and
20 determining the Z(j,n) value of each amino-acid residue Aj at

the j-th position (n=j=L-n+l) in the amino acid sequence of

length (L),

(7) sequentially repeating the steps (2) to (6.) for the entire

proteins of the organism “a”, thereby determining the
25 distribution of the Z(j,n) value of each amino—-acid residue

in the entire proteins, and the Z(j,n) values are classified

A 0RO



l ength (L), (7) sequentially repeating the steps (2) to (6) for the

entire proteins of the organism"a", thereby determning the 25
distribution of the Z(j,n) value of each am no-acid residue in the
entire proteins, and the Z(j,n) valuegsare classified

88 into twenty according to the twenty am no acids, and then

cal cul ating nean Av(Aa) of the Z(j,n) values for each am no acid Aa
and the standard deviation Sd (Aa) of the distribution t hereof, on the

basi s of e, dLaLiLDULLAR AU oAl et@ent,g 512038 0P dd

ani no-acid resrdue tein orna P zIn erence in
distributi e fo the sp -acid resi dues g
(201 et Fota pgsat G LES) /%%%3 2000 Wlidrad B iy, fo
(8) calcu ing a.v the function g o of al

t he ani nc?“a‘c‘istﬁ’arﬁgfjdﬂé thg'{q?é)c} gﬁﬁlﬁ?iéf’f‘l% ‘(Aﬁ[)ef’f]‘f}f%rql]squbu’:IEQﬂl) of a
protein |n th ﬁntlre rotelns as_recovered in the steF%é

D(j,n) = ), ORj Fhe pasigm@f the dostedbihien ke Fep ateatd ve

val ue _of the functlon of the j-th am no-acid residue in the am no

aci d SequUeiretitn 2i¢ fhe J-th@ning-acid masishe Alapfed \Brofeimdoxj  n)

and W=h(Z(j,1),2Z(j,?2 Z 1 2
20 %Jerégﬁfﬁ%kﬁ%@g e ﬁié(fé(ejgree)@eo&t%ﬁm@f‘épah%ﬁg(goto)eﬁgjspgcles XM

of amino-acid residues;
g = (2(j,n), Aj) = [Z(],n) — Av(Aa)]/sSd(Aa)
(wherein, Aj = Aa),

10 (8) calculating a value D(j,n) of the function g of each Aj
of all the amino-acid residues at the j-th position (n=3j=
L-n+l) of a protein in the entire proteins as recovered in the
step (7);

D(j,n) = g(Z(j,n), Aj),

15 and
(9) defining the representative value of the function of the
j-th amino-acid residue in the amino acid sequence of length
(L) as a functional value Wj of the Z(j,n) and D(j,n);

Wi=h(z(3j,1),2(3,2),..,2(3,M ,D(j,1),D(3,2),..,D(3,M))

20 thereby predicting the degree of the involvement of each

amino-acid residue in the function of the protein by using the

dimension of the Wj value as an indicator.

4. The method according to claim 3, wherein the Wj value of

25 each amino-acid residue is expressed in a two-dimensional

DT



am no-acid residue in the function of the protein by using the

di mensi on of the W value as an indicator. 4, The met hod accordi ng
to claim3, wherein the W value of 25 each am no-acid residue is
expressed in a two-di nensi onal 89 89
di stribution chart. 5. The met hod according to claim3, wherein
the W val ue of each am no-acid residue is expressed on a
three-dinensional 5 structure nodel of the protein. 6. A system
for aut quatl I C ing the nethod according to claiml, at

| east co%%?%gﬁggt¥ﬁg ?%gﬁgaﬁng units (a) to (g); 10 (a) an outer
menory unit nenorizing the amno acid sequence data of the entire

put ati ve proteins of organism"a" of which genonme data or cDNA data is

known, as well as an existin rotein. . data base, . (b).a

cal cul at ?’on/ MeRG Vegﬁf’é, aﬁﬁﬁg‘a’g’éﬂ i célglﬁ“bgl’c‘ﬁﬁ%f?ﬁﬂ the W (ﬁ'c?)lf‘]reeaﬁency of
occurrence of each am no acid and the frequenc of qQccurrence. of
individu&PCGI?@Bﬁ@ﬁ?Fﬂé%rﬁF&@H@b&sb?xPressﬁgrﬂétﬁtFBﬁ?eB 1PGBRLY RN no
acids, in the am no acid sequences of the entire proteins of the

or gar? snstauctyz® F99HF (Fhe Proteifyying the nenory of the cal cul ation
results,

6. A sysfem for automatically conducting the method
according to claim 1, at least comprising the following units
(2) to (9);

10 (a) an outer memory unit memorizing the amino acid sequence
data of the entire putative proteins of organism “a” of which
genome data or cDNA data is known, as well as an existing protein
data base,

(b) a calculation/memory unit, composed of CPU calculating

15 the frequency of occurrence of each amino acid and the frequency
of occurrence of individual oligopeptides produced by
permutations of twenty amino acids, in the amino acid sequences
of the entire proteins of the organism “a”, and a memory unit
having the memory of the calculation results,

20 (c) a calculation/memory unit, composed of CPU calculating
the smallest length (n) of oligopeptides satisfying the
followingcriteriaamongtheindividualoligopeptidesofwhich
the frequencies of the occurrences being memorized in the unit
(b) ;

25 among oligopeptides of length (n), the number of

‘N O AT



20 (c) a calculation/nmenory unit, conposed of CPU cal cul ating t he
smal l est length (n) of oligopeptides satisfying the followng criteria
anong the individual oligopeptides of which t he frequencies of the
occurrences being nenorized in the urd@ (b); 25 anong

ol i gopeptides of length (n), the nunber of

90 ol i gopepti des which occur once in the entire proteins

is smaller than the nunber of oligopeptides which occur twice in

the entire prgheigage which occurtbAgoRePideh idle bEOGINs (n+1),  the

nunber of | 1 gopept | occur once 1 n the entire proteins

Is larger than_t er..Qf | QREEtides | C : r twice in
the entire prgtseigﬁ‘?tﬂ@ th%r?dc%erqmnorfrunol V{ialiélor%e?%led%%n%gggﬂgf the (n),

(d) a calculation/nennr% unit, ¢ osed,gf CPU calg;ﬂggj annlg in the
entire protei ISVF t he¥BFgantEm "de AR BquEFQFTBs’ 02¢%rrence of

the follow ng A.-oli eptide of length (n+]), which is a_part of the
ani no acid se&&éﬁ@%mgﬁgfgﬁbtﬁfbf169?%L Qnﬁ ;thetBFotﬁPﬂg5§ a°5ubj ect for
predicting a functional site and contai ns an ami no-acjd. resi due A
(n+1[2rr]j [ er PREIPPRTIGRS Fhi fh opFUrRRTR I tRe GR%TE REPEPHFRius of the
am no aci d sequence of the protein; ] A%;oligopeptide:
ajlaj2....Ai1s la%§% nthgn the numbepypd; Gligopeptrides YRk A = Ai;
and Aj is the i-th _ . resi due of the oligopeptide),

occur twice in the entire proteins,

and a memory unit having the memory of the (n),
(d) a calculation/memory unit, composed of CPU calculating

10 in the entire proteins of the organism “a”, the frequency of
occurrence of the following Aj-~oligopeptide of length (n+l1),
which is a part of the amino acid sequence of length of (L)
of the protein as a subject for predicting a functional site
and contains an amino-acid residue Aj (n+1=3j=L-n) at the j~-th

15 position from the N-terminus of the amino acid sequence of the
protein;

Aj-oligopeptide: ajlaj2....Aji....ajnaj(n+l)
(wherein, 1=i=n+l; Aj = Aji; and Aj is the i-th
residue of the oligopeptide),

20 and calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Xi-oligopeptide
of length (n+l1);

Xi-oligopeptide: ajlaj2....Xji....ajnaj(n+l)
(wherin, the i-th residue Xji is any amino acid),

25 and a memory unit having the memory of the calculation results,

AR O A



20 and calculating in the entire proteins of the organism™"a", t he

frequency of occurrence of the follow ng X -oligopeptide of length
(n+1); Xi -oligopeptide: ajlaj2....Xi.. .ajnaj(n+l)

(wherin, the i-th residue Xji is any@anmno acid), 25 and a nenory unit
havi ng the nmenory of the calculation results,

91 (e) a calculation/nmenmory unit, conposed of CPU cal cul ati ng
ratio Y] i of the frequency of occurrence of the A -oligopeptide to
t hat of Xi,- al i r avin h ry of
Vi s PR s Ear SRR R el R ookl Y e e cma#ﬁ%"

mean Y] of .the,Xji r] Y +1
i=1 10 an&zLO im??yt}henlfreﬁg\?n%’ ?ggcﬁﬁﬁﬁﬁ?c@f JSr/jth[‘:" A%I °ll&°p %}l&é
calculatlon ni t osed of . CPU cal cul atin unctjonal val ue
Zj of Yj, éﬂegno¥ t Xl {E%cpeptlde, a ryQHH&FIBﬁVanSt%
nonot onousl y ) decreaS|ng function or a nonotonously
|ncrea5|ﬁ§mPENbPFprl' and a menory unit having the nmenmory of Zj.

The system according to claim6, which further conprises. 20 a

di splay @hit & §E}F-&§1|1ﬁ§lpﬁémzfn°\¥éﬂ ueltn+epEPPFRHePE] EPH) catcubaking

mean Yj of the Yji;
n+1
Yy =X Yji/(n+l),
i=1

10 and a memory unit having the memory of Yj, and
(g) a calculation/memory unit, composed of CPU calculating
functional wvalue Zj of Yj;
z2j = £(Y3])
(wherein, function £ is a monotonously
15 decreasing function or a monotonously
increasing functiqn) ,

and a memory unit having the memory of Zj.

7. The system according to claim 6, which further comprises
20 a display unit displaying the Z3j value (n+1=j=L-n) of each
amino-acid residue in the amino acid sequence of length (L)

in a distribution chart.

8. A system for automatically conducting the methed
25 according to claim 3, at least comprising the following units

(a) to (i):;

Y



am no-acid residue in the am no acid sequence of length (L) in a

distribution chart. 8. A system for automatically conducting
the nethod 25 according to claim3, at |east conprising the foll ow ng
units (a) to (i); 92 92

(a) an outer menory unit nenorizing the am no acid sequence dat a of
the entire putative proteins of organism"a" of which genone data or
CcDNA data is known, as well as an existing protein dat a base, 5 (b)

a cal cul qb) ONGREEREkrURbhorORROE Sbeflr NS Bt bHiRIacig sblfehegauency
of occurrence of each amino”acid an fhelfrequency_ . of occurrence of

| ndi vi dugl, +gl L 80RDtd ASS P IRAUGEPY rote ; ngeé%ﬁér?i‘ém Qf %%”&g{igﬁ‘ no
acids in the am no acl d sequences 61 "Eh&" ent11 & protei NS o e

' Lal iLt, 10 havi - Qf. th | cul ati
Cesult o eomeT L TR 0T 45 RRREF) e - CoTPOSR Br-RPEFERPEDI at i ng

in the e t%rebgroteins of the organism"a", the frequency of

occur r ent&“8f ﬁ?’followﬁng Aj - ol i gopeptide of given length of (n)
(1[ers]n rim ovided that Mis the smallest |ength of _15 ,

olig ep%ggesa §%iF§ﬂ§%ﬁ§n/%ﬁ@°r¥rPPéFPoﬁ°mPﬁ§Fd 8f| CPYpgalculating

ol i gopeptjdes of length Mare at frequency 1 of the occurrence), whi ch
Al - ol i goPBBtiTRAY Y RECH T IRCURT AL rBL Be it andfthe freqieney (L) of
a given protein of the organism"a" and contains anami no- aci dr esi dueA

(n[err]jP&rr PECHEIPNGE: heF- t ApEsVidealr opd igopeptides produced by

permutations of twenty amino acids in the amino acid sequences
of the entire proteins of the organism “a”, and a memory unit
10 having the memory of the calculation results,
(c) a calculation/memory unit, composed of CPU calculating
in the entire proteins of the organism “a”, the frequency of
occurrence of the following Aj-oligopeptide of given length
of (n) (1=n=M, provided that M is the smallest length of
15 oligopeptides satisfying the c¢riterion that all the
oligopeptides of lengthMare at frequency 1 of the occurrence),
which Aj~oligopeptide is a part.of the amino acid sequence of
length (L) of a given protein of the organism “a” and contains
an amino-acid residueAj (n=j=L-n+1) at the j-th position from
20 N-terminus of the amino acis sequene of the protein;
Aj-oligopeptide: ajlaj2....aji....ajn
(wherein, 1=i=n+1; Aj=aji, and Aj is the
i-th residue of the oligopeptide),
and calculating in the_entire proteins of the organism “a”,

25 the frequency of occurrence of the following Xi-oligopeptide

A



20 N-termnus of the amno acis sequene of the protein;

Aj -oligopeptide: ajlaj2....aji....ajn (wherein, 1l[err]if[err]n+l;

Aj=aji, and A is the i-th residue of the oligopeptide), and
calculating in the entire proteins ofg3he organism"a", 25 the frequency
of occurrence of the follow ng Xi-oligopeptide

93 of length (n) corresponding to the |length of A -oligopeptide;

Xi -oligopeptide: ajlaj2... .Xi.. .ajn (wherein, the i-th residue

X - ol de: aj |l | e
osul 15, OF 5Tl G konmenn il bR, i HeP s A T SapBER e g

tioYji of the f . AV I ..theA_-oli tid to that
of the i "ol | SpERRRABEERIR: AEY uri S Havi g ihe© memory of the

Yji, (e) a calculation/menory unjt, conposed of CPU cal _c%)lr ating 10
mean Y(j, n) Of(wﬂ"ﬁé'e‘?‘jni'; the i-th residue Xji is any ﬁrf‘“h? a_c:t r1 Yjiln,
I =1 and a nmenory unit having the nmenory of Y(j,n), 15 (f) a
cal cul at rod/ memspIyhiuni te AgReFEERisg die @RllatiRP resuktdictional val ue
Z(j,n) of Y(j,n); , Z(j,n) = -log(Y(j,n)), and a_nenory unit
havi ry t Kd)nemocpleulation/memory ugita comegised o4/ FENoFRlGHLRELBEnposed
of CPU calculating 20 the Z(j,n) value of each am no-acid residue in the
am no acirdtio Yji of the frequency of occurrence of the Aj-oligopeptide

to that of the Xi-oligopeptide, and a memory unit having the

memory of the Yji,

() a calculation/memory unit, composed of CPU calculating

10 mean Y(j,n) of the Yji;
n
Y(j,n) = X Yji/n,
i=1
and a memory unit having the memory of Y(j,n),
15 (f) a calculat_:ion/memory unit, composed of CPU c_'ialculating
functional value Z(j,n) of Y{(j,n);
Z(j,n) = -log(Y¥(j,n)),
and a memory unit having the memory of Z(j,n),
(g) a calculation/memory unit, composed of CPU calculating
20 the Z(j,n) value of each amino-acid residue in the amino acid
sequences of the entire proteins of the . organism “a”,
calculating the distribution of the Z(j,n) value of each
amino-acid residue in the entire proteins, 'and the Z(j,n)
values are classified into twenty according to the twenty amino

25 acids, and then caclulating mean Av(Aa) of the Z(j,n) values

for each amino acid Aa and the standard deviation Sd (Aa) of
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sequences of the entire proteins of the organism™"a", cal culating the

distribution of the Z(j,n) value of each am no-acid residue in the
entire proteins, and the Z(j,n) values are classified into twenty
according to the twenty amno 25 acidds, and then cacl ul ati ng nean Av(Aa)
of the Z(j,n) val ues for each amno acid Aa and the standard devi ation
Sd (Aa) of 94 t he

di stribution thereof, on the basis of the distribution, to determ ne

funct | on 4 05s BOLIBLEZLROADECSE ! 161 2068 i g pe Wl Ut AN s, L0 the

speci es of am no-acl I esi

)1 S BRhaine IS 50 e, L DDy v 9

the nenory o t, —comnpose

cal cul ati .y value D (|, of functio menorized in.the unit (g)
concerniﬁ§95trlb%55ﬁno?uﬁl%°tgéeaﬁPﬁ8}§EiBgrg§FHBé§°AF EFsﬁﬁgﬁthh posi ti on
10 (n[err]j[err]L-pn+l) Bn Ahﬁ am no_ acid sequence of |ength (L);

D(j,n) = g(2(j9nT, (%j(?'n r AdhdTaltdioPy Tt ARVl A§URE menory” of the D(j,
n) value, and %i) a_cal cul ation/menory unit, conposed of a cal cul ation
unit S cal clVBeFRY2an®3pPrBBti ate functional value W of the Z(j,n) 15
and D(j,n) of each am no-acid residue in the am no acid sequence;

W =h(z(j ,and zjmeqory ppit\pavipglfhe peppry. of(g,M ) and a nenory
unit having the nenory of the W val ue.
(h) a calculation/memory unit, composed of CPU calculating

value D (j,n) of function g memorized in the unit (g) concerning
each of all the amino-acid residues Aj at the j-th position
10 (n=j=SL-n+l) in the amino acid sequence of length (L);
D(j,n) = g(Z(j,n), Aj)
and a memory unit having the memory of the D(j, n) value, and
(i) a calculation/memoryunit, composed of a calculationunit
calculating an appropriate functional value Wj of the Z(j,n)
15 and D(j,n) of each amino-acid residue in the amino acid
sequence;
Wj=h(z(3,1),2(3,2),..,2(3,M ,D(3,1),D(3,2),..,D(3,M))

and a memory unit having the memory of the Wj value.

20 9. The system according to claim 8, which further comprises
a display unit displaying the Wj value of each amino-acid

residue in a two-dimensional distribution chart.

10. The system according to claim 8, which further comprises

25 a calculation/memory unit memorizing an existing database of
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20 9. The systen1according to claim8, which further conprises a

di splay unit displaying the W value of each am no-acid residue in a

t wo- di nensi onal distribution chart. 10. The system according to _
claim8, which further conprises 259mm calculation/nmenory unit nenorizing
an existing database of 95

t hree-di nensional structure of proteins or preparing a

t hr ee- di nensi onal structure nodel based on an ami no acid sequence

accor di nghg."g&efﬁg\%\p%fgﬁ rlOd @Qgcqﬁggr ! 5}.’ ngaﬁé@elns t hé'hV??e i uep%:‘ ogal

structur uni 57di spl ayi ng each

am no-aci_d_residue i aci uengce b n chart
on the tﬁgggedfirﬁanﬁ&s&r?agﬁ sn%rucf"?lb%? u?‘gdg}o‘rig‘" S ?{!leaga acjéeg%‘}}'g

t hr ee- di nensi onal %tructure ngdel menor.i z gfthe calculat on/ menory
unit.  SEEYePFe ICHREFDITT &P rfbd F?VﬁgqﬂﬁP FRAGF 9 pFBtei n " A"
derived fromthe entire rotelns of organism' a of whi.ch genone dat a
or cDNA &hrgenss qﬁ&ﬁ+Qﬂ%%w1 cthrRet AgdedonpPPSesat helsPlayst Bpitof :

(1) extracting a protein closel related to the protein "A" 15 from an
exi st§ ngdpEelavi ngathe fas¥aiug %%BFEEt%‘Wg‘?TFbC’rﬁ Fesifye in theyamingnnent ,
(2) calculating the frequency of occurrence of each am no acid and
t he freqacidyseduered imeacd Hfribtiionichrrs oydhepthgeg-dimensional

structure stored in the data base or three-dimensional

structure model memorized in the calculation/memory unit.

10 11. A method for modifying the known function of protein “A”
derived from the entire proteins of organism “a” of which genome
data or cDNA data has been known, which method comprises the
steps of:

(1) extracting a protein closely related to the protein “A”

15 from an existing protein data base and subjecting the proteins
to alignment,

(2) calculating fhe frequency of occurrence of each amino acid
and the frequency of occurrence of individual oligopeptides
produced by permutations of twenty amino acids in the amino

20 acid sequences of the entire proteins of the organism “a”, and
determing the smallest length (n) of oligopeptides satisfying
the following criteria;

among oligocpeptides of length (n), the number of
oligopeptides which occur once in the entire proteins

25 is smaller than the number of oligopeptides which

A A



produced by permutations of twenty amno acids in the amno 20 acid

sequences of the entire proteins of the organism"a", and determ ng
the smallest length (n) of oligopeptides satisfying the foll ow ng
criteria; anong ol i gopepti ®&&s of |ength (n), the nunber of

ol i gopepti des which occur once in the entire proteins 25 Is small er
t han the nunber of ol igopeptides which

96 occur twice in the entire proteins; anong

ol i gopeptidesocgfiy | @Al (DH1) thel NenUWer pr8teins; amoﬁgiQOpeptides
whi ch occur once in the entire proteins 'S Farger t fan t he nunber

of ol igopepti gffg%‘ﬁ{aﬁ@ideg. of %%g&[l tmﬁ)e’i (r;rt]&}pee. Ptﬂin&,%e.er prgs ei ns,

(3) calculating e entire pr nsS o gani sm ) t he
frequency of 1% ¢ f‘%he follown A%- l.i go tide . of length
: d
(n+1), which 8t §5%§§? SBS M S PRGSR S, a&&%gﬁgggre PEREeIRth (L) of
the protein "A' and _contai_ns an am no- aci iO residque A (.n+l[err]j [err]
L-n) at the j%fhilﬁSgF‘-Fi SR TS HaRPer of pligeRePtifesnaMifo aci d
sequence of the protein; . th Aj - ol i gopepti de:
aj laj?’z. ... Aji9CCYUE| h¥} PR+i the entire preteifs i(err]iferr]n+l; A =Ai;
and A is_the i- ) . th residue of the oligﬁgeptide),. 1Q‘Iand
cal cul at fdy i FPtFRLIRREPFIBriieisitigie PROteigaPENFRg Organispna’t r equency
of occurrence of the follow ng Xi-oligopeptide of length (n+l);
the frequency of occurrence of the following Aj-oligopeptide
of length (n+l), which is a part of the amino acid sequence
of length (L) of the protein "“A” and contains an amino-acid
10° residue Aj (n+t1=j=1L-n) at the j-th position from the N-
terminus of the amino acid sequence of the protein;
Aj-oligopeptide: ajlaj2....Aji....ajnaj(n+l)
(wherein, 1=i=n+l; Aj=Aji; and Aj is the i-
th residue of the oligopeptide),
15 and calculating in the entire proteins of the organism "“a“”,
the frequency of occurrence of the following Xi-oligopeptide
of length (n+1);
Xi-oligopeptide: ajlaj2....Xji....ajnaj(n+l)
(wherein, the residue Xji is any amino acid),
20 (4) calculating ratio Yji of the frequency of occurrence of

the Aj-oligopeptide to that of the Xi-oligopeptide,

(5) calculating mean Yj of the Yji;
n+1l
Yy =2 Y3ji/(n+l),
25 i=1

{(6) calculating functional value Zj of Y3j;

[



Xi -oligopeptide: ajlaj2....Xi.. .ajnaj(n+l) (wherein, the
residue Xji is any amno acid), 20 (4) <calculating ratio Yji of the
frequency of occurrence of the A -oligopeptide to that of the

Xi - ol i gopepti de, (5) calculatinggmean Yj of the Yji; n+1
Yj = [err] Yji/(n+l), 25 I =1 (6) calculating functional

val ue zZj of Yj; 97 Z]
= f(Yj) (Whetein, function f is a nonotonously decreasing
function or a Jmwnot sly increasing function), and defining the Zj
val ue as a reﬁs’érﬁgﬁ e value of the 5 function of the j-th am no-acid
resi due of the,_am no acid . _sequence of length ( of the protein "A",
(7) sequenti al {NPS At ifrlﬂélctti’rgr’sggﬁsa(’%‘?“?’6°?%‘?s£¥d}gcreaﬂéi%r mning the Z
val ue of each of al| the am no-acid residues ~at position between

n+1[ err]j[err]A4neEEiPrn I9F FnPABObepeUSkYjUgtReedILing FuleEidi™ (L), (8)
sel ecting at | east one am no-acid residue to be subjected to nutation
on the basit dgfimang| Fpnght vakee 2ar#i cgpsasepfative vpduer @ e from
the am no acid sequence of length (L) of the protein "A", sequentially
r epeadi nfunetinrepet (Bhet §-tb) amdno-agidy rasifueanefiothei amiasi agds in
various nutated amno acid sequences where the selected am no-acid

resi due Isssydmese of lengthell) oD thwtbeetain nbRA4ci d resi due, to deternine
t he Zj
(7) sequentially repeating the steps (3) to (6) and

determining the Zj value of each of all the amino-acid residues
at position between ntl<j=L-n in the amino acid sequence of
10 length (L),
(8) selecting at least one amino-acid residue to be subjected
to mutation on the basis of the alignment data carried out in
the step (1) from the amino acid sequence of length (L) of the
protein “A”, sequentially repeating the steps (3) to (6) for
15 variant amino-acid residues in various mutated amino acid
sequences where the selected amino-acid residue has been
mutated into another émino—acid residue, to determine the Zj
value of the variant amino-acid residues,
(9) selecting a mutated amino acid sequence wherein the Zj
20 +value of the variant amino-acid residue as determined in the
step (8) is larger or smaller than the Z3j value of the wild
type amino—acid residue as determined in the step (7), and
(10) preparing amodified gene encoding themodified amino acid
sequence from the protej.n “A” gene, and producing the modified

25 protein as the expression product of the gene.

A



val ue of the variant am no-acid residues, (9) selecting a nutated
am no aci d sequence wherein the Zj 20 value of the variant am no-acid

residue as determned in the step (8) is larger or snaller than the Z
value of the wild type am no-aci%B resi due as deternmined in the step
(7), and (10) preparing a nodified gene encoding the nodified am no
aci d sequence fromthe protein "A" gene, and producing the nodified
25 protein as the expression product of the gene.

98 12. Anmet hod fornodifyingthe functionofprotein "B" derived

froman organism"b" of which genone data or cDNA data has been

unknown,  yhi ci fEtad f%@%&?@?iﬂ?%h%tﬁﬁ)ﬁqgié? of5prﬁt1:éine‘>§"r 8etipgqyprotein

“"A" nost closely related to prote romthe entire protelns of

cuby oot BEOPE SRR ATC R or wafhlnBhe ol B BpRE AOeSHANLI, ety

related to,protein,. "B. from an.existing protein data base to subject
t he protgPﬁgofﬁ’ FBlgPi€$%§%4-°°mpr1€ff &&%ﬂﬁ%ﬁﬁﬁﬂéﬁT]the am no acid

cecurt onddTor SKERREIT RRARTLA "G aRESENELPPELRORE) SbPAtRUPTRRES T
aci ds, 18" SRATIERS T PHHG BTRCSH L OAAST (1 6F SPLGAERRPRR
satisfyigg Lhe f0|kgwh2%acggggrigﬁown and subaggg n0|£ggpegg£g§g gg length
(n), thedftApeF 6P g 3 g P
alignment, or extracting a protein closely related to protein
“B” from an existing protein data base to subject the protein
10 to alignment,
(2) calculating in the amino acid sequences of the entire
proteins of the organism “a”, the frequency of occurrence of
each amino acid and the frequency of occurrence of individual
oligopeptides produced by permutations of twenty amino acids,
15 and determining the smallest length (n) of oligopeptides
satisfying the following criteria;
among oligopeptides of length (n), the number of
oligopeptides which occur once in the entire proteins
is smaller than the numbef of oligopeptides which
20 occur twice 1in the entire proteins; among
oligopeptides of length (n+l), the number of
oligopeptides which occur once in the entire proteins
is larger than the number of oligopeptides which

occur twice in the entire proteins,

25 (3) calculating in the entire proteins of the organism “a”,

AT



ol i gopepti des which occur once in the entire proteins Is small er

t han the nunber of oligopeptides which 20 occur twice in the
entire proteins; anong ol i gopeptides of length (n+l), the
nunber  of ol i gopepti des whpgh occur once in the entire proteins
I's larger than the nunber of oligopeptides which : occur twice in
the entire proteins, 25 (3) <calculating in the entire proteins of the
organi sm"a" t he
frequenc Lo eptai.d gth
(n+1), %:h% £rEglanr s beklgzkcL %%:%€§°ﬁielr?g§q‘& %fl’tg%’eﬁtt ) of

h LA g d
(o1l err gt g e £y &trl]ha%@s%al oo T AL o (ne

ani ne. eC| d secl_ﬁ%‘ce Pf (]t_‘;te Prg ePgPF,ei_ﬂL[ " ] Pf’ét I%F %P%%t g%el aj | aj 2_ »

the I - resi due of e ollgope t|de) . and calculatlng I n
the enti Acis o'f%?’n‘%u%fAi hén’btg Lind a8t the Irhd Posdiemy fFomdd® rence
of the foll ow ng Xl-ollghpe ptide of length (n+l);

Xi - ol Pgopbpieelnyg 12f othe apino aqidageduance o the' prakeidiin, the i-th
residue Xji is any am no acid), (4) calculating ratio Yji of the
frequency of decr¥eFrreRtidas ajkrid - olhjbpept pdeaidnthit of the

Xi - ol i gopepti de, (5)_calculating nean Yj of the Yji; n+1

(wherein, 1=Xi=n+l; Aj=Aji; and Aj is the i-
th residue of the oligopeptide),
and calculating in the entire proteins of the organism “a”,
10 the frequency of occurrence of the following Xi-oligopeptide
of length (n+l1);
Xi-oligopeptide: ajlaj2....Xji....ajnaj(n+l)
(wherein, the i-th residue Xji is any amino acid),
(4) calculating ratio ¥ji of the frequency of occurrence of
15 the Aj-oligopeptide to that of the Xi-oligopeptide,

{5) calculating mean Yj of the Y3ji;
n+l
Yj =2 Y3ii/(n+l),
i=1
20 (6) calculating functional value Zj of Yj;
Z2j = £(Y3)
(wherein, function £ is a monotonously decreasing
function or a monotonously increasing function),
and defining the Z3j wvalue as a representative wvalue of the

25 function of the j-th amino-acid residue Aj of the amino acid

sequence of length (L). of the protein “A”,
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Yj =[err] Yji/(n+l), I=1 20 (6) calculating functional

val ue zZj of Yj; Zj =1(Y)) (wherein, function f is a
nonot onousl y decreasi ng function or a nonotonously increasing
function), and defining the Zj yabue as a representative value of the

25 function of the j-th am no-acid residue Aj of the amno acid
sequence of length (L) of the protein "A",

100 (7) sequent [ aI ly repeating the steps (3) to (6) and
determ n| al | the d Si S at
posi tion ggt r?%'nﬂ err é:r% tqfnl Pn tt € aﬁ?%gam I)sei]:(éengg?of

| ength ( ect 0 m no-.aci d r.e |duet be

subj ect eggtemlnl ﬁ?ﬁ: c?nvgnughzftﬁﬁg %Fﬁ %Iainﬁﬁlr?er?t égfgs 1Flrglsed out
in the ste om t he no_aci d sequence of |, L) of _the
protein 2&' p°§é%ﬂléﬁt Pﬁ%?’?ef‘e‘b)égﬁj Lt'ﬂelgtgﬁ FH" & ‘6‘?%9&”% e ofari ant
am no- aC| d residues in various nutated amno acid 10 sequences where the
sel ect ed 18RGFE- d44’d resi due has been nmut at ed i nto anot her am no-acid
resi dues, to determne the Zj val ue of the variant am no-acid

resi dues,(8) se(lgctééwgeeflulrﬁj%enmnw% ireisdslugnio e sibt gesad

am no-acid residue wherein the Zj value of the variant 15 am no-acid
resi due &9 WutafaPhednthe hasiicpf( Bhejaligrpentgiata cangigd ©ut han the Zj
value of the wild type am no-acid residue
the step (1) from the amino acid sequence of length (L) of the
protein “A¥, sequentially repeating the steps (3) to (6) for
variant amino-acid residues in various mutated amino acid
10 sequences where the selected amino-acid residue has been
mutated into another amino-acid residues, to determine the Zj
value of the wvariant amino-acid residues,
(8) selecting the mutation position and the mutated
amino-acid residue wherein the Zj wvalue of the wvariant
15 amino-acid residue as determined in the step (8) is larger or
smaller than the Zj value of the wild type amino-acid residue
as determined in the step (7), and
(10) preparing amodified gene encoding themodified amino acid
sequence having the mutated aminc-acid residue at the position

20 from the protein “B” gene, and producing the modified protein

as the expression product of the gene.

13. A method for modifying the known function of protein “A”
derived from the entire proteins of organism “a” of which genome

25 data or cDNA data has been known, which method comprises the
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as determned in the step (7), and (10) preparing a nodified gene
encodi ng the nodified am no acid sequence having the nutated

am no-acid residue at the position 20 fromthe protein "B" gene, and
producing the nodified protein ¥l t he expression product of the gene.
13. A nethod for nodifying the known function of protein "A" derived
fromthe entire proteins of organism"a" of which genone 25 data or cDNA
data has been known, which nethod conprises the

101 stepSt&PS of (1) extracting proteins closely related to the
protein "A" froman existing protein data base and subjectlng t he

proteins (1) et fr {‘_;919 £Ot%ll§s c(.lzas%ff f%ﬁé&%&hﬁl QI"

r
occurrence of eac requency O% occurrence of

i 05, RS ORI HE o AR DL RO 01 ?%?@%0 S he.

aci ds, € amn sequ

organi sm 3) as to a protein of the organlsn1 ‘a" 10 (3")
calculai??uf%+9T$ﬁp fitire proteins of the organi sm " a t he frequency
of ogcurrence o e_fol oI| tlde i ven Iength of (n)
(1[ ePr] nf%h r 1R TJ’T‘J; FHR¢ t?’r‘?afgﬁiﬁ ‘Fre%?nce of ? gRigp acid

ol i gopepti des sati sf the crlterlon that all the . oligopeptides of

| ength NMnd Ehe ﬁ’?"eﬁﬁ%‘h& Af FeUFF R Hedcdividunl \giigrpgRididefopept i de
is a part of the am no acid sequence of the protein and contains an

ani no- aR%PIRRY kY RermiatygneQf] tvepty amino acids, in the amino

acid sequences of the entire proteins of the organism “a”,
{3) as to a protein of the organism “a”,

10 (3') calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Aj-oligopeptide
of given length of (n) (1=n=M, provided that M is the smallest
length of oligopeptides satisfying the criterion that all the
oligopeptides of lengthMare at frequency 1 of the occurrence),

15 which Aj-oligopeptide is a part of the amino acid sequence of
the protein and contains an amino-acid residue Aj (nSj=SL-n+1)
at the j-th position from the N-terminus of the protein;

Aj-oligopeptide: ajlaj2....aji....ajn
(wherein, 1=i=n; Aj=aji, and Aj is the i-th

20 residue of the oligopeptide_) p
and calculating in the entire proteins of the organism “a”,
the frequency of occurrence of the following Xi;oligopeptide
of length (n) corresponding to the length of Aj-oligopeptide;

Xi-oligopeptide: ajlaj2....Xji....ajn

25 (wherein, the i-th residue Xji is any amino acid),
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at the j-th position fromthe N-term nus of the protein;

Aj -oligopeptide: ajlaj2....aji....ajn (wherein, 1l[err]iferr]n;
Aj=aji, and Al is the i-th 20 resi due of the oligopeptide),

and calculating in the entire protei APd2f the organism"a", t he
frequency of occurrence of the follow ng Xi-oligopeptide of length (n)
corresponding to the length of A -oligopeptide; Xi - ol i gopepti de:
ajlaj2....Xi....ajn 25 (wherein, the i-th residue Xji is any am no
aci d), (4) calculatlng ratio Yji of the frequed®¥% of occurrér@e of

calculating ratio Yji of the frequency of occurrence of

A -oligo %éﬂééﬁép@fdé heo Xﬁhﬂ:'&@p@?&' Qf*?llgcpeﬁ?ldgal cuI at Ing nmean

Y(j,n) of err] Yji/n,

IZ(_j , n) (E\()og(ﬁf(claé&%_%ﬂﬁg%&&?c‘gk?ﬁipeaﬂ ﬁ%e en)st g];)sY(J(’B'ng to (6)

sequentially and 10® determining the Z (j,n) value of each am no-acid
resi deie A at Y(j,nposiZivpifn{n[err]j [err] L-n+1) in the am no acid
sequence of length i=1 (L), (8) sequentially repeating the steps (3)
to (7) for the entire proteins of the organism"a", thereby
determ ni(e) t hkml&blatisgrfbnttoondl vdrud(Z (H)nyabbeyaf,ap¢ch am no-acid
resi due in the entire proteins, and the Z(j,n) values are classified
into twenty aEyhng=torddey (yvmyy, am no acids, and then
(7) repeating the steps (3') | to (6) sequentially and
10 determining the Z(j,n) value of each amino-acid residue Aj at
position j (n=j=L-n+l) in the amino acid sequence of length
(L),
(8) sequentially repeating the steps (3) to (7) for the entire
proteins of the organism ™“a”, thereby determining the
15 distribution of the Z(j,n) value of each amino-acid residue
in the entire proteins, and the Z(j,n) values are classified
into twenty according to the twenty amino acids, and then
calculating mean Av(Aa) of the Z(j,n) values for each amino
acid Aa and the standard deviation Sd (Aa) of the distribution
20 thereof, on the basis of the distribution, to determine
function g to the j-th amino-acid residue Aj of a protein for
normalizing the difference in distribution due to the species
of amino-acid residues;
g = (Z(3,n), AJ) = [2(J,n) — Av(Aa)l/Sd(Aa)

25 . {wherein, A3 = Aa),

(8) calculating value -D(j ,n) of the function g of each A]j of

0 0 O



cal cul ating nean Av(Aa) of the Z(j,n) values for each am no acid Aa
and the standard deviation Sd (Aa) of the distribution 20 thereof, on the

basis of the distribution, to determ ne function g to the j-th

am no-acid residue Aj of a protein fbe3 normal i zing the difference in
di stribution due to the species of am no-acid residues; g =
(zZ(j,n), A) =12(j,n) - Av(Aa)]/Sd(Aa) 25 (wherein, Al = Aa),

(9) calculating value D(j,n) of the function g of each A of
103 all @id ali@cr It %@b@dﬁ@@éj&'@&eﬁ? -thepdsiPiBRSIHEGE L-n+1)
(nferr]j[err]L-n+1) of protein in the entire proteins as recovered

In the S{EPa protd in the entirdd brkednd ZQ r@).":ovélréd 1n5the(§-t9ép defini ng

t he representatlve val ue of the function of j-th am no-acid
resi due g@ the am no acid sequence of Iength (L) as functlonal val ue
W of thé (i, n) and D(j,n);
W=h(Z(j. 1), 2), ., D1, M) (11)
Pth m bkt -

sequentlally r Y to (10) todetermne 10 the

di i d | f d i
(nexor THRE1 7 lﬁ?ﬁsﬁtfe%ere;rﬁ%e%@a By RaERbT CTeagr TR °f SRe(12)

selectln | east one .am np-acid residue to be subjected to Jmutation
on the bisrd TR ERGSGE P gient- O 4 e &Flfjnseq“enf‘ﬁe°§t]e%“?"’15‘ from
the am no_ acid nce of th.(L)L of the 'n "A", and
sequenti&F]ya§egﬁgFgﬁ8nﬁﬁeV?§8% W@gf%t6h€1@ﬂ3r ? n);’

wi=h(z(j,1),z(j,2),..,2(3,M) ,D(3,1),D(3,2),..,D(3,M))
(11) sequentially repeating the steps (3) to (10), todetermine

10 the individual Wj values of all the amino—-acid residues at the
position (n+1=3j=L-n) in the amino acid sequence of length (L),
(12) selecting at least one amino-acid residue to be subjected
to mutation on the basis of the alignment data carried out in
the step (1) from the amino acid sequence of length (L) of the

15 protein “A”, and sequentially repeating the steps (3) to (10)
for variant amino-acid residues in various mutated amino acid
sequences where the selected amino-acid residue has been
mutated into another amino-acid residue, to determine the WJ
value of the variant amino-acid residue,

20 (13) selecting a mutated amino acid sequence wherein the Wj
value of the variant amino-acid residue as determined in the
step (12) is larger or smaller than the Wj value of the wild
type amino-acid residue as determined in the step (10), and
(14) preparing amodified gene encoding themodified amino acid

25 sequence from the protein “A” gene, and producing the modified

A



for variant am no-acid residues in various nmutated ani no acid

sequences where the sel ected am no-acid residue has been mutated into
anot her am no-acid residue, to determine the W val ue of the variant
am no-acid residue, 20 (13) selecti®y a nutated am no aci d sequence
wherein the W val ue of the variant am no-acid residue as determ ned
in the step (12) is larger or smaller than the W value of the wild
type am no-acid residue as determned in the step (10), and (14)
prepari e e g diLEi am acid 25 sequence

P om t ha T ar ey i arn SongpPaeeioonk ey Ea pely.

104 protein as the expression product of the gene. 14. A
thernophilic DNA pol ynerase, prepared by artificially nodi fyi ng t he

am no ac se ce of nerase so_t hat t he_el ongation of

synt hesi Jz‘gd q't aI?PIHF%Jﬁ?% %Bg EFﬁ‘Fﬁat Rfepared; ﬁY ﬁ’é’d’% a]31136Iuri ng

t he catal for the_ s nthes a chai n Ilnentary to a

SI ngI e- §? ?)I\tbt&‘ amino's S‘FﬂHePFr@r‘h%ﬁl‘ful P@Mﬁw g9t claim
conpr.i si ng t he anlno aC|d seguence of . SQ 16. A

ther Rophfire @lmﬂaﬁ&%n@ Bt BNpyehgdn ?‘FEP&PI‘?/‘: be te%vdﬁtg%g t he

am no acid sequence of Pfu DNA pol ynerase so that the synt hesi zed DNA

chai n nikHEerBedbr Beby dptng t&&r?ﬁ‘]@ahﬁ%ls Bor Eheafyatiesdbs atha Wt hesi s

of a DNA chain conplinmentary to
chain complimentary to a single-stranded DNA.

15. The thermophilic DNA polymerase of claim 14, comprising

10 the amino acid sequence of SQ ID No.l.

16. A thermophilic DNA polymerase, prepared by artificially
modifying the amino acid sequence of Pfu DNA polymerase so that
the synthesized DNA chain might be more elongated during the
15 catalysis for the synthesis of a DNA chain complimentary to

a single-stranded DNA.

17. The DNA polymerase of claim 16, comprising the amino acid

sequence of SQ ID No.6

20
18. The DNA polymerase of claim 16, comprising the amino acid
sequence of SQ ID No.7.
19. A DNA sequence encoding the amino acid sequence of SQ ID
25 No.1l.

A



a single-stranded DNA. 17. The DNA pol ynerase of claim 16,

conprising the am no acid sequence of SQ ID No.6 20 18. The DNA
pol ynmerase of claim 16, conprising the am no acid sequence of SQ ID
No. 7. 19. A DNA sequence encodid®y the ami no acid sequence of SQ ID
25 No. 1. 105 20. A DNA
sequence encodi ng the am no acid sequence of SQ ID No. 6. 521. A
DNA sequence encodi ng the am no acid sequence of SQ ID No. 7.

22. A reconbi nant vector carrying the DNA sequence of claim 19. 10
23. The reconbi nant vector of claim 22, which is a reconbi nant pl asm d

Ig_Di’ggg 2;3% 1 edy aFsehBkhtll 8ne8ki nfMhd B YA sequend@lof YD

No.6.

5 21. A DNA sequence encoding the amino acid sequence of SQ ID

No.7.

22. A recombinant vector carrying the DNA sequence of claim
19.

10
23. The recombinant vector of claim 22, which is a recombinant
plasmid pDP320 carried on Escherichia coli HMS 174 (DE3) /pDP

320 (FERM P-16052).

15 24. A recombinant vector carrying the DNA sequence of claim

20.
25. The recombinant vector of claim 24, which is a recombinant
plasmid pDP 5bl7 carried on Escherichia coli HMS 174 (DE3) /pDP

20 5bl7 (FERM BP-6189).

26. A recombinant vector carrying the DNA sequence of claim

23.

25 27. The recombinant vector of claim 26, which is a recombinant

T



15 24. A reconbinant vector carrying the DNA sequence of claim 20.
25. The reconbi nant vector of claim24, which is a reconbi nant pl asm d
pDP 5b17 carried on Escherichia coli HVS 174 (DE3) /pDP 20 5bl7 (FERM
BP-6189) . 26. A reconbi nant veaoeor carrying the DNA sequence of
claim 23. 25 27. The reconbinant vector of claim?26, which is a
r econbi nant 106 pl asm d
pDP 5c4 carried on Escherichia coli HVS 174 (DE3) /pDP 5c4 (FERM

BP- 6190) . .fqr_pr rin . t herqv id i rase,
5 conpr ipéiarfénlcdu ?)l?l‘ ?ﬁ?%ggg%%at?xgr§£%férﬁel Ii%i hcoaln@ggp)ér é‘?é%se(}%%ect or
carrying the of claim19 and isolating and purifying the
obj ect i Vé%ﬁ‘% ﬁ%ﬁg@ in the culture medium 29. A method for
prepari ng a DNA pol ynerase, conprising 10 culturing a cell transforned

W th an expression vector carrying t he DNA sequence of claim?20 or 21
and isolating and puri f%[i ng t he objective enzyne Rr oduced in the
cul ture & uft method for ‘preparing a thermophilic DNA polymerase,

5 comprising culturing a cell transformed with an expression
vector carrying the DNA sequence of claim 19 and isolating and

purifying the objective enzyme produced in the culture medium.

29. A method for preparing a DNA polymerase, comprising
10 culturingacell transformed with an expression vector carrying
the DNA sequence of claim 20 or 21 and isolating and purifying

the objective enzyme produced in the culture medium.

R RN



