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1 DESCRIPTION Mtant PCNA 5 TECHN CAL FI ELD [ 0001]
The present invention relates to a DNA replication
factor, and nore particularly relates to a
proliferating cell nuclear antigen (PCNA) which has
excel lent function to assist DNA replication. 10
BACKGROUND ART [ 0002] Cene anplification technol ogy
and PCR nmethod A technology to anplify nucleic acids
such as DNA and RNA has DIS&RIMTGENy di ssem nated in.
both basic research and 15 industrial application

al ong w th devel opnent of gene engi neering technol ogy.
At an early stage, in orderan® pofdaai n a particul ar
target nucleic acid sequence, the sequence were in
general prepared by cutting out the necessary

FeRyenea MEtirhest ri ction enzymes from nucleic 20
acids anplified in yeast or Escherichia coli cells.

- $9deduent Mpe pwebe@awenpegsubherbdaamplmbyaaDNarget

Gl r..n I C aC| |on in.,vi
e o et B, PR Bt i ulha ! celatas: tona
pheﬂ&déraEdhgthellPﬁﬁcﬂehhoénti@éhOq%oﬁA@e&hH%ﬂtﬁbsand
rial 25 applications have been_devel oped in

i ndu

séFsﬁﬁSthﬁﬁﬁcaéPPvéo agmvEEcPHPi Zapilléraghan -

di stribution of specific apparatuses and rel ated
reagents. Thus the PCR nmethod becane the substanti al
SPARRERPUNReRREd for anplifying the gene. As the

I ch f h . cation_has advan vari ous
gﬁﬁ ihnolggPésSmﬁ%wé ELﬁSPp thﬁPiOEVfFB eﬁF f Ppkiod

that BaftePERobhaye beeampesignadcasdc-dgxeloprsdenbyt pNA and
are less common in terns of operationality, cost

gﬂé Basl besn whdehy disemmeragyduwanchoshebpsiasrdeeaheh and
P& geLRed Bas1 8PREAERYa16ng with development of gene

engineering technology. At an early stage, in order to
obtain a particular target nucleic acid sequence, the
sequence were in general prepared by cutting out the
necessary sequence with restriction enzymes from nucleic

acids amplified in yeast or Escherichia coli cells.

Subsequently, it became possible to amplify a target

particular nucleic acid region in vitro by the development
of PCR by Mullis et al and dissemination thereof. For the
PCR method, various experimental and industrial

applications have been developed in parallel with active

commercialization and distribution of specific apparatuses

and related reagents. Thus the PCR method became the
substantial standard method for amplifying the gene. As
the research for the DNA replication has advanced, various
technologies whose principals are different from that of
PCR have been designed and developed, but they are less
common in terms of operationality, cost and guality, and no

technelogy which sweeps aside the PCR method has éppeared.
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[0003] Points for evaluating PCR nethod The principle

of the PCR nethod is thought to be based on mninmally

m mcking the intracellular DNA replication. That is,

the principle is based on (1) dissociation, of a 5

target nucleic acid tenplate & thermal denaturation,

(2) pairing of the target sequence with a pair of

conpl emrentary priners and (3) extension of the priner
BNt 4G e dARALGPpANdglrer ase. | The
objective nucleic acid sequence is exponentially

anpl i fihed Hyyi veipdat iafy ﬁH@e?@Rl@e’té@d iienghought to be based

ener, t ocol. _of PCR sev
CETSTHRRY, g, R 0eel oL P SerEheson
iterh drsgerthies pafitnen parphiisf ket «d cebt@iyn ga sRHeduel dnN o¥ &
rder by the reaction for about two hours. [0004] 15

WSHIE /5 SeRmilede bysithicsmiednslenafiigation, (2)
gﬁﬁgﬁ%ﬁ?%ﬁi%ﬁ%‘%a&%@%u%% e deOohdi @ ng %lQOb%t om%ékmentary

to the teripl ate (performance to anp
Fadirerce apcedi3deley tessiosporfdithg oo itlee tempﬂamehta¢&)to

S IR ST 2 L D

sequence, ianeéxpébhenteadiyoamppegikuChbly refB8$€ng €hese
al so often addressed_as the points i ch eval uat e

PERCTREAGe MO8 TARYORSLY - foﬁnPeRgeﬁsvelb@éﬁtbépﬁgof PCR,
devel-anedrnf e the EHEE%%GSQEuQK%ECQH]FQSCEQ§E§Bﬁi in nano

restrictions. 25 [000 | nprovenment o
gmbmnemd&e ﬁeroEGBn Qmﬁlmﬁhﬁﬂetas@b@@&hVﬁdpEbaﬁbtaln g
S Bhlllc bact eri um Ther nusaquati cus (Taq DNA
¥s&peyseactdopefgenabariy tiselontsthe initia
@gooq@ (Non- patent Docunent 1). Based on this enzyne,
30 subsequently various enzynes and reagents/kits for
PCR hale PBBemeUhvélbpadtanhndbatrtbatedcthbss othtibem

POKReRtnr RhRY P bR TR SR FRL PustEne SPRITE  haihg
fiidblity to the template (performance to amplify the
sequence precisely corresponding to the template), (2)
extendibility (performance to amplify the longer sequence),
(3) efficiency to amplyfy the target sequence, and (4)

reaction specificity. These are also often addressed as

‘the points which evaluate PCR. Reagents and kits for PCR

have been being deﬁeloped for the purpose of overcoming
these restrictions. |
[0005] Improvement of PCR

As DNA polymerase for PCR, DNA polymerase derived from
a thermophilic bacterium Thermus-+aquaticus (Taq DNA
polymerase) used to be generally used in the initial period
(Non-patent Document 1). Based on this enzyme,
subsequently various enzymes and reagents/kits for PCR have
been developed and distributed. Most of them have an
improved feature on any of the aforementioned technical

restrictions, and the reagents/kits having such
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3 characteristics have been distributed by various
manuf acturers. Sonme exanples of the inproved PCR

net hods are shown bel ow. [0006] As an exanpl e of
enhancing the fidelity to the 5 tenplate, DNA

pol ymerase with high fidelity3s generally used for

the PCR nethod. Tag DNA pol ynerase is a Poll type.

DNA pol ynerase having only 5° --> 3" pol ynerase
atfdnddteridtd RAHRG Meeh dist Abu@%eNYS €238 ous
activity. On the contrary, DNA pol ynerase derived
ﬁ@%ﬂﬁﬁﬁ?hﬂ&%%&heﬁﬁﬁﬁhﬁ&a@pm@Saméﬁééﬁa@m@ﬁpwwﬁ PCR methods
R D CRLH Qsus is an a type DNA pol ynerase which
has both thelg --> 3" polynerase activity and the 3
-[00 03] exomnacla@amaa@ihevlotfy enf@cing theb'fidelity to the

exon cl eas C vvor ks .a proaf, readin
ﬁ% ?%ﬁh A5 &4, %&&Pyﬁéﬁ&&étws%ﬁsa&nﬁaﬁlly

E@%dtﬂai-ﬂiélﬂéﬂ el hoRl.t healeMAratR 1YRRRase is a Poll type
lification is strikingly ‘enhanced conpared to
?%1 PO YASTES Swihely 11aiq © B3| yrmer &3 e poavierg sgo agtivity

1A P | @ase _act:vi Rat
PRI i mares o Sommerseaeaca FabizTorsausrs e
amnigarx() Hieh pbllkmealkpee dasdsenn)f rionc hnd @1 Pyaobesiophilic
DNA pol ymerase (TAKARA BIO INC.), Pfu DNA pol ynerase

_§@€ﬁ€FlUK@DPDMRCQ§ﬂufn€Pé§@se$oyéb@ncg typedDyA
| EB .
@S’%W%%ksp@o' PO RSALE KBS THS Pwo NA peFsBFadse sctivicy

@R@ch@eDBagHestECthoﬂﬁcﬂ@@@&]aBaﬁnStgt alrthehds --> 5
rep ortgd t hat en the a ty yner ase havi ng

EREHE 5rSFoadty RGOSR éﬁdatﬁéooﬁoFP3995@ BRAEIVItY.

pPekRTErASE Eﬁ!bn@NﬁopBEQQErégédh@guEEBCEanPcﬁer%he
m xed at an ag propriate ratio and used for FOR' the
e

fdaglA tyr tohs xt@ﬁééﬁﬁ@ uapgeampéqﬁeﬁaélwas15net@akedgly
%ﬁgaﬁggpgﬁPﬁgggld'%%tlgglg%fbgtg &Y BB @ hanﬁggerase

tent Doc et
bhvtihg nooBﬁepepaEPyeawaubabbeepaadue&$yofNanebaﬂbned

Bgéument 2)

[0007] Examples of commercially available products among
such DNA polymerases may include Pyrobest DNA polymerase
{(TAKARA BIO INC.), Pfu DNA polymerase (Stratagene), KOD DNA
polymerase (Toyobo Co., Ltd.), DeepVent DNA polymerase (New
England Biolabs (NEB)), Vent DNA polymerase (NEB) and Pwo

DNA polymerase (Roche Diagnostics).

'[0008] Barns et al. has reported that when the o type

DNA polymerase having the proof reading function and the
Poll type DNA polymerase having no proof reading function-
were mixed at an appropriate ratio and used for PCR, the
length of the extendable target sequence was increased and
the amplification efficiency was also enhanced (Non-patent
Document 3, Patent Document 1). Examples of the
Commercially available products of such mixed DNA

polymerases may include TaKaRa EX Tag DNA polymerase -
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pol ymerases may i nclude TaKaRa EX Taq DNA pol ynerase 4
(TAKARA BIO INC.) and Taqg Plus Long (Stratagene).
[ 0009] As one exanple of the strategy directing to
enhancenent of the reaction specificity of FOR a hot
start nmethod has been known. 4Non-specificity in PCR
is often 5 caused by non-specific annealing of the
primer to the tenplate DNA. To prevent this

harereneio t oty st h [ [
ahlch t he SC§®?shs%g§tg§hiﬁggglggggs %E%?g%gﬁgﬁpletely
hORi0%] a PER p@&cﬁm@mpé@l@ﬁl@heasthaghgytdumecauugeto

h t he hot start _nethod 0 _bee
SR B hE 8 S aheCidBhs EP Bk [BNAIpGty feFase Fot start
m@mmbdxadstbbnlk&o&ﬂeCINbﬁ -gplich@dy:-iapd inn@cki Vat 8éten
tenperature, and the DNA p olénerase IS

&éﬂsﬁgt &y E}ﬁ&erspsﬂl#rl&h ANBRGELAOUPE EBRIPELBRTUBBNTREL

Shait VARIE) c as e
TeRELoES PhAL i pasveRec reSop eBoprhoiRtRE Ror g tart

netéghanced fbpcthive Avt WbodcphPahenPCRDosusERttaY. immediately

A Ee G arPTREEAT By fbomcRbtnbarRaCh naRAR ALl BF<nih

artdpgenenakly geivkiraedmepB0dQ] rdhetptonerERthOBElethod have
ggthods for inproving the PCR 20 nethod all have cone

£8 pPREEFEdl usB, acGHAERBEal'RiBEtARAM, gBNAr BPLymerase is
@éﬁgaekea ahknhaye Q?EEl@Q&aﬁhﬁgﬁéggngndd&EQQ¥§95€885at low

do not satisfy all the points rovenment 1In
tﬁ@PP@Rtﬁﬁehodnd|$basQ§a pPplyherabeves Eotlvaxadphader a

Bpggﬁ %ﬁ erlor 0 ¥ﬁ§ g@SPm@égthﬁg %gdehgﬁésig?ﬁgate the

PeRnBeaﬁtleNtendtbhhstyeeﬂsrépokh@dP@ﬁbﬁethédspébﬂﬁlc1ty of
e mxture of the aty DNA pol ynerase and _the Pol
FBﬁepﬁﬁwF56F§ﬁ%Faéé en?ﬁ%¢?ﬂd€¥|?9lﬁh@?ébpdléPﬁﬁP%F|or

b8cthaht0b) DNAppeaME%a§ss%agﬁg Bi gh.fi éﬁkgtxmyyérﬂ

is desired to develo ynerase or
@ﬁthpﬁléé@l@hssygtahrmhuthdlbyegeablenglneerah@ of the

HQEHEQCturers, and generally utilized.

[0010] The aforementioned methods for improving the PCR
method all have come into practical use, commercialized and
generally used, but all have both advantages and
disadvantages, and do not satisfy all the points fox
improvement in the PCR method discussed in the above. For
example, the o type DNA polymerase with high fidelity is
often inferior to the Poll type DNA polymerase in terms of
extendibility. As to the PCR method using the mixture of

- the a type DNA polymerase and the Poll type DNA polymerase,

the fidelity thereof is inferior to that of DNA polymerase
with high fidelity. Thus it is desired to develop DNA
polymerase or a DNA amplification system which is excellent
in all of the points.

[0011] DNA replication process

Generally, it is required for initiation of the DNA
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[0011] DNA replication process Generally, it is
required for initiation of the DNA 5 replication that
a double strand structure is unpaired at an origin of
the replication. DNA helicase is required for that
process. A single strand DNA 5 nding protein is bound
to the unpaired DNA to stabilize the single strand. 5
Furthernore, primse works on each chain to synthesize
thg ] ipat®Rn A equRidle s ra@Rl is&ucen reagkoinGaired at
(RFC)  recognizes the primer and binds thereto for
iR WEied ta O fpridis frerddicet ol MY bl igasiegés PANAred for
h ain, .:P r a, Gl tq _fasten.
S DRA o ror a8 o ha Cro Bk n SRR BpgiRE  4s bound
fal yoier agwadorgl GRéd twi tsltaPCNA zes hichedinzide atmawd.
ai,n. In_a process of continuous. . synthesis, the |Ign
S Deaiores” BATRES Y81 Kon O CoFlafb8 LvitPn SREhes1z the
FranRrRnt isuRee ek, lan r@ﬁa&@@q&%noffac@oic ent(zEgqus
synthesis, RNA priner attached to each 15 Ckazaki
LAWYz SiSs thec PFpoead apcdt Rindel ke efikefeBy inducgng a
P i.n ] q | e :
e tigh, o AR an TR EENY bB°he pup chain.
¥ newroka ks @Nodupgt éot fBetenenthe HNAN@oIyme@B8E2bn the
- PCNA_and RFC It .has been reported tha
Bl e RS uPrBs B APERATIEHERE: AN BAFEap M aLenEEHPny
sPhtheehiAes0r nBWURENAN). has a phrekecdl ar wehghhuehls
28.0 kDa, forns _a honotrinmer in a simlar manner to
PERADEE i8uk &hpoticadoRganicEad NaRd woRkEeE}zedntar accpagance
s Ly ner - Pat cu t 6 whi | e,
D e oA ponbIRaEe RahoFRsyTEN achrefastod® h
UREgoREChuons" BynRRES) sha8Na strimetruné tachstli tot edchy
é%bunits RFCS and,RFgL. The open .t adin% frame for L
623ReCETEHEGHEs 16n8eFRIBPR Y Lt HFEIPRGSRIBSTRRY 1t is
g 1aekaculidh Wakdbaotndind kBabsBhu=REE, Bas thegments

nol ecul ar 30 wei ght of 55.3 kDa. It has been reported
ekst capnggded wath DNA ligase, to complete one new chain

{(Non-patent Documents 4 and 5).
[0012] Pfu-PCNA and RFC

It has been reported that Pyrococcus-<furiosus PCNA
(hereinafter represented by "Pfu-PCNA" or "PfuPCNA") has a
molecular weight of 28.0 kDa, forms a homotrimer in a
similar manner to PCNA in eukaryotic organisms and wo;ks by
interacting with polymerase (Non-Patent Document 6).
Meanwhile, Pyrococcus-furiosus REFC (hereinafter represented
by "Pfu-REC" or "PfuRFC") has a structure constituted by
subunits RFCS and RFCL. The open reading frame for Pfu-

RFCS encodes cone intein and mature Pfu-RFCS has the

- molecular weight of 37.4 kDa. Pfu-RFCL has the molecular

weight of 55.3 kDa. It has been reported that an addition
of Pfu-RFC and Pfu-PCNA remarkably promoted the DNA

extension activity of Pfu DNA polymerase in a priméer
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of Pfu-RFC and Pfu-PCNA remarkably pronoted the DNA
extension activity of Pfu DNA polynerase in a priner 6
ext ensi on anal ysis (Non-patent Docunment 7). [0013]
Structure and nature of Pfu-PCNA A crystal structure
anal ysis of Pfu-PCNA was perfdrnmed (Non-patent
Docunent 8). According to that analysis, a 5 Pfu-PCNA
trimer is formed with hydrogen bonds betmeen mai n
Haidh Al -RNaldiel (Rrsidands, fodlh 13D2 of two
subunits (T108- K178 T110-E176, R112-E17 Furt her,
AP 043t er ndfitemAtarry @rﬁlcbalartur@t\mfrl%’feio'r?ﬁl\@stl ng of
aC|d| %ﬂgrt%ﬁ$l%fﬂgﬂy}e ﬂ%l é%% C%?E%%ﬁ?%ﬁ nVOlV%%rformed

in keepin trimer s ture hereis are
drNdm-\p&ﬂiergathmmfe@Tt gtywo mﬁcamnngtlmP(ﬁ%t( ama&)s ianda
”ﬁl (D143A/ Dl47A,f)§ opt ai ned by substituting D143
B Gitires OGS o Eh él LYE8FY éﬂon&rﬁ G tyEeg, main

vgl e [ R
R, o e S, B3R ol BRagvbrsunics
armd OBHK 78y & 1Q o-@uvienaR Inegsayy ) ((Nomrupatheit, abBocunent
9) In this rEPort i t, has been descri bed that

T8R4 PR EPERA YOBTI4 SRPBEFFAN daré &iciddg and
lﬂésﬁ% a ﬂdot fa%tlldo%l%lfe ROSIiONS GARASRANAINNGPing the
nmononers, and that the crystal is obtained as not "t he
tQﬁhﬁﬁﬁ;Qﬁﬁﬂcwugﬁape@hgmedﬂ@eﬁsreﬁ@etr@poan@Bgagatlon for

C ddi I n
ISE TR AN e0R @ o IR pra,
Kﬁwmwﬂnediby $u@&mdhud&ﬁgtmam3PbuBCNA4GDh43A/Eléﬁ&he, which

did not exhibit .a DNA synthesis prqonoting activity
B6t B OfUYRe XIS GCIPENAMRIGN& SRt s é@ﬁ@ﬁﬁ@@léﬁ the ion

\ﬂdﬂ} ReCwodx W@@@ea%BBf%B@Nﬁl©@1i%AEneﬁh%Q&hg%aﬁh§egwén and

- synthesis pronoting activity regardl ess of

Brledendd 46 aalds ®idd 4h aRECtamdiniad trhe}l@aée @TanQNAent
ek oA A ESS0 koD PORA®( REPE) HFEarood that
PEmPENANt(@d 4Bn )" KOD- PENACNGY (D143A/D147A) are eluted in gel
filtration at positions corresponding to monomers, and that
the crystal is obtained as not the trimers but V-shaped
dimers. The report alsc describes addifional results of
measuring the activity in the primer extension analysis.

In the report, it is concluded that PfuPCNA (D143A/D147A)

- did not exhibit a DNA synthesis promoting activity both in

the cases of PCNA alone and in combination with RFC,
whereas PfuPCNA (D143A) exhibited the DNA synthesis
promoting activity regardless of the presence or absence of
RFC and, in the case of PCNA alone, showed better result
than a wild type PCNA.
{0014] KOD-PCNA and RFC

KOD-PCNA (hereinafter represented by "KOD-PCNA" or
"KODPCNA") and KCD-RFC (hereinafter represented by "KOD-
REC"™ or "KODRFC") are PCNA and RFC obtained from

Thermococcus *kodakaraensis KOD-1 strain.



- "KODPCNA") and KOD-RFC (hereinafter represented by

"KOD- RFC' or "KODRFC') are PCNA and RFC obtained from
Ther nococcuskodakaraensis KOD-1 strain. 7 [0015]

KOD- PCNA has been reported in Non-patent Docunent 12.
According to this report, KOD/PCNA has 249 residues
and its theoretical nolecular weight is 28.2 kDa.
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Pfu--PCNA —reported previously al so has 249 resi dues,

angh 184 3% qionap@m@la%cluéer@%%édﬂ ﬁomna@a%n%c 'D%cument

sequences are identical as well as Pfu-P
Keleps Addonstinghdo ctén@erl\m?tqnte @W&h@ﬁa@t@f |r§t5|1c1ues

f stal str ctur anal ysi s
f@ﬂ%t@% el per oror%Lr-(:a Ll&iat “h&ghbeér‘? %gs k‘)bb@d t%g ~PCNA
itepos i) neviickaily thalo KA PQYA rH3 ifeess talalei 84.3% of
honmotriner in the sane formas in Pfu-PCNA assuned on

I S E DI SIS gH Th ST GPiNe pridpeRAUenEeF1 G e

KAdaRhGNas hesn degported din 'él%nP%L%AD%%g%malll%f the
According to the report, KOD-RFC takes the s

nvaéftlr&@ctrl@rgequ@nsxh@mamg,eoﬂ SRECL faxrd PRNGS a@lttﬂn@ugh the

A O e s an O RAe hid Aot FERgomed, 1t
pzen Heead ideg dirtidre) ﬁmai 1mah®r©1@@@yRE@$eh§SthBQ KOD-PCNA

| ecul ar wei ght of 37.2 kDa. [0017] The above two
%ﬂ%ﬁt‘“&e BT tE18E T dPolthed Seme  foredss Lph&f u-PCNA

KQRENA & ‘%h’é%a'g'i@ ‘6’% § t&d ‘P'ﬁg;h]t R ohldg oA L 20 Efu-ECNA.

synthesis systemw th ynmerasé: In

rléddittls, IKODh&FChbes @@@@r He@ ritlealt iI!ﬁC]DOEGNAt&In(LIn@ocument
dK P ination w RF tedthe

B en s aari ey A LCRE R IO EXrenersn Che Same

exipeinine @tt,rua:l‘ttdlrbh €on$eR%iihigV oty RFeaS an@nkanced sWhee other
KOD- PCNA was added in the PCR reaction system 25

FI6F3] BRPeREChodaseitiel modscpdeentienghts 0435 7149 kDa . The
@Qt@ﬁbeg%p%ﬁ%gﬁe% o § Eﬁ%%ﬁh Q- 5%e3%§ ﬁ7%ea§?ﬁ%a%gahe, and

Docunent 1: Saiki, R
S@W@KE,KSD-$FQSth@Chhe Rp;eHudar @eTghtMolf] 39,.2 KDaB.

%%%1%ﬁliChTh§'aébVes%len %cu%%%ts4 év@ggl %9§% orted the
effects when KOD-PCNA and KOD-RFC were added to the DNA
synthesis system with KOD-DNA polymerase. In the reports,
it has been described that KOD-PCNA alone and KOD-PCNA in

combination with KOD-RFC promoted the extension activity in

- the primer extension experiment, and the "sensitivity" was

enhanced when KOD-PCNA was added in the PCR reaction system.
[0018] Patent Document 1: US Patent No. 5,436,149

Patent bocument 2: US Patent No. 5,338,671

Nonpatent Document 1: Sailki, R. K., Gelfand, D.H.,
Stoffel, S., Scharf, S. J., Higuchi, R., Horn, G.T., Mullis,
K. B. and Erlich, H. A., Science, 239, 487-491 (1988)

Nonpatent Document 2: Cline, JC Braman, and HH Hogrefe
Nucl. Acids Res., 24, 3546-3551 (1996)

Nonpatent Document 3: Barnes, W. M., Proc. Natl. Acad.

Sci., 91, 2216-2220 (1994)
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30 Nonpatent Docunent 2: Cline, JC Braman, and HH
Hogrefe Nucl. Acids Res., 24, 3546-3551 (1996)
Nonpatent Document 3: Barnes, W M, Proc. Natl. Acad.
Sci., 91, 2216-2220 (1994) 8 Nonpatent Docunent 4:
Wags, S. and Stillman, B. Ann® Rev. Biochem, 67,
721-751 (1998) Nonpatent Docunent 5: Kornberg, A and
Baker, T.A., DNA replication, 2nd ed. WH. Freenan,

New Yoroapalt 992 Doz udempatientyabegurentang: s€annn@h,ak.., annu.

J. Bacteriol., 181, 6591-659 1999) Nonpat ent
BSumdocrencan® et 7211753, B28éri ol ., 183,

2614- 1 ent, 8: urd et

L Brepaee g IR TR0y Rorpariar, TR
Dd@U reptl i@a ties uRinga eet. #.H. Prekeian, Stiew, YotZ,. (1992)
823-8 2003 npat ent Document 10: Kitabayashi e

al | B%%’?%ﬁa e@i)to{B?é’c?l‘fﬁ'&ntBie‘ocﬁé‘ﬁP, eﬁo\??-67(711)‘5%°terl°&-' 181,
36323830 ((2003) 15 Nonpatent Docunent 11: Takagi et

al ., pl. Environ. Mcrobiol., Nov;63(11): 4504-4510
(1997 NoRpRpENENnPopERGRENt 1 1£anR| €&bayashi -eBaglteriol., 183,
@@qgc@6238i@ggﬁ nol . Biochem, Cct;66(10): 2194-2200

(2002) 20 DI URE OF | NVENTI ON PROBLEM TO BE SOLVED

BY THEOhNVENRTIEONCOLOOEAE Bndd¥etsuchya eicr ellngt @moéeint Sci.,

IS, an.-ohj.e construct a DNA anplification system
%&VCETIEBeQ%QPﬁént in general versatility and is used

easi | Wonpa t¥EANBoEQRBEL Yl: Nida PRORBLGM E0030), , TReotein sci.,
present 1 nventors have attenpted to establish a novel

BRA SrprfilcdP8R)syst em whi ch overcones shortconi ngs
in theoe¥hebhRd pBERMERENARL 0y tB¥ayashi et al. Biosci

Biotechnol Biochem., Nov; 67(11): 2373-2380 (2003}
Nonpatent Document '11: Takagi et al., Appl. Environ.
Microbiol., Nov;63(11): 4504—4510 (1997)
Nonpatent Document 12: Kitabayashi et al., Biosci.

Biotechnol. Biochem., Oct}66(10): 2194-2200 (2002)

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0019] - Under such a circumstance, it is an object to
construct a DNA amplification system which is excellent in

general versatility and is used easily.

MEANS FOR SOLVING PROBLEM
[002G] The present inventors have attempted to establish
a novel DNA amplification system which overcomes

shortcomings in the existing PCR technology by

'reconstructing an intracellular DNA replication system in

vitro using a variety of factors utilized in the
aforementioned DNA replication process (hereinafter also

represented by an " accessory protein or "AP") and DNA



10

15

20

25

30

30 reconstructing an intracellular DNA replication
systemin vitro using a variety of factors utilized
in the aforenentioned DNA replication process
(hereinafter also represented by an " accessory
protein or "AP') and DNA 9 pdynerase. In particular
the present inventors focused on DNA pol ynerase
derived froman ultrathernophilic archaebacterium

Dy 0eRoe S Ur igs Y rosth Ol s H @@ sert™ inventors focused

exonucl ease activity and t he high fidelity to the 5
tEPHNE 0 late 1RERA davd vRISC fwieine e rarvd ttiagtileyr ool lyi t o

[ t| t t th
P r R Blo W Aty e Hnadelea SheotA ——>
EﬁméXEﬂddﬂéaééﬁadﬂﬂvfﬁyja%QV%W&?qukﬁﬁjﬁ%ﬁﬂﬂ§hN%I§qﬁgy

[ 0021] a result, thé present inventors have

c‘}kﬁnﬁﬂ{@é@ =0 |Eiﬁﬂ1h@§dt FEtC arbPCXA antei dH oy prideedive ta

t | anced
SR P R iy e e SR e g i Foctors
t (e qersesenc prartabzgnde aheREG teardla vakiraipned repY ication
pr%&ﬁ In%ﬁ so as to include a site which causes,
t%@ge5ﬁe€ﬁlﬁﬁe spEdN -rononer and a
Goozanm nalpg %g'r‘é@;uqft ,ARelher-BENA MRRRIRGACHaAS JBtained
interface to forma nultineric conpl ex, an

iffnekimeise&dladr i nteraction of the nnnoners in an
i_nt a gi n
PR G R0l Aok TANDIR Roce B DD TR Wi ep

@mlsu—rha@ llanmtcieaai echange bridpttlys iaom, taekd ftllai@rlaw Raveout
onpl et.ed the present invention. The present i nvention

gﬁgfnﬁﬂgﬁi&@s e DEGEERENGTPERACRSE Gh&FCi FeBnbrRofELained
mo%%]ep(al:ﬁn@ elan’s PENALBDIATEGROBP S NG A ol ESuses,

ch causes 25 when an N term nal region of

PORA ROndEE raviaad @egﬂ@ﬂnplfalthﬁeé’lcﬂﬂ obn@m@u:hendP@NA

RUTRE Gk AR ALBEHASSpch LR TU B sncertace
mnndm&msalmuaM1mB&&tfaompﬂQgLOﬁnoﬁntEQmﬁQﬁ@m&éi,1nteract10n
of the monomers in an interface region of the monomers,
said PCNA monomer further comprising amino acid residues in
said site causing mutual charge repulsion, and thereby have
completed the present invention. The present invention
thus provides the following PCNA and othér inventions.
[0022]
(1) A mutant PCNA monomer comprising a site which causes,
when an N terminal region of the PCNA monomer and a C
terminal region of another PCNA monomer act as an interface
to form a multimeric compléx, an intermolecular interaction
of the monomers in an interface region of the monomers,
said PCNA monomer further comprising amino acid residues in
sald site causing mutual charge repulsion;

said monomer itself or the multimeric complex thereof

having an activity to promote DNA replication.
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sai d PCNA nononer further conprising amno acid
residues in 30 said site causing nutual charge
repul sion; said nononer itself or the nultinmeric
conpl ex thereof having an activity to pronote DNA
replication. 10 (2) The nutah® PCNA nononer according
to (1) wherein said PCNA nononer has an am no acid
sequence obtained by substituting an am no acid
reyi dushAtmd A FNZORRRARIH R0 r3B8IRCted (oML in said
roup consisting of positions 82, 84, 109, 5 139, 143
(vdlP1 APTIGReEh havd 1@ @Tidnos épich e aacteed ol atimeSEQY | D
N2 e A2 0 U ARALRCL AN 12 AGh Leshdug, and,
wher el n am Mo aci d resi dues are conposéd so that
crelmurtedarfimm adied gresipd wes: sSaltdcied f po@itthengr @2p 84, 109,
(i), a one, Qr,_mmre am nq acid residues sel ected from
t%?)egrgﬂg‘l&pafdl a4y addle HHENFHUL SEEEGESr BFTOSERI to SEQ
(D M@ Q@ &P 0f ARG I @ElideR Al PRSIWLeNS 84 84
and 109, and (ii) a group of am no acid residues at

ne position
ong

posi t "OeFelZg amiyY agad r4BidLRs( IreTlheompoisant sPCNAat one

rdi t ) riSi tations of ane,
o, AR R0 BaE RS TREE g B B R8T ana
gneu @ Ic onsies timigooticdn addiituen, saneichser firom the group
subﬁtitution and a dilekion at position(s) other than
e 56Y56sit RS 82l 821869 ePYS1PRS and 147. (4)
The BUlgaRl.pPENARRAGTRE1ACCREdHNE st @+ Bbshavbhd 82, 84 and
sequence obtained by substituting the amno acid
r8¥rd@d8dat position 73 with leucine in an anino acid

enc accor.di. . SE 1 2_Qr e T
Ttdnt BERAPTEToRd RS, 5818 R st o8 B8 chpe; 439 143
@4y WHEr.ein one or nore am no acids selected fromsaid
group (i) and one or nore am no acids sel ected from
said 30 group (ii) are both acidic am no acids or both

kasi cTAR BAtant PCNA monomer according to (2) comprising
mutations of one or several amino acid residues selected
f;om the group consisting of an addition, an insertion, a
substitution and a deletion at position(s) other than the

positions 82, 84, 109, 139, 143 and 147.

(4) The mutant PCNA monomer according to (3) having a

sequence obtained by substituting the amino acid residue at

position 73 with leucine in an amino acid sequence

~according to SEQ ID NO:2 or‘32.

(5) 'The mutant PCNA monomer according to any one of {2) to
(4) wherein one or more amino acids selected from said
group (i) and one or more amino acids selected from said
group (ii) are both ‘acidic amino acids or both basic amino

acids.

(6) The mutant PCNA monomer according to any one of (2) to



10

15

20

25

30

acids. (6) The nutant PCNA nononer according to any

one of (2) to 11 (5) having the sequence obtai ned by
substituting the amino acid residue at position 143

with arginine in the amno acid sequence according to

SEQ ID NO 2 or 32. 5 (7) A pol¥nucl eotide encoding an

am no acid sequence of the PCNA nononer according to

any one of (1) to (6). (8) A transformant in which the

PQ )y MishieQ) itdee at@ledid ot ilnk PR il -
10 (9) A?ﬁ%thod for producing g%%gﬁint Pcﬁﬁﬁﬁﬁgggﬁﬁfé amne
t3feLd it mdhtPadderadi g3 ovi(td) drngisdineuried tihe @mino

[ P ) ti j ¢ conpl ex
R e, PO RRIA o 3 A e e G
transformant and/or the 15 medium (10) A reagent for

replication cqonprising the PCNA nononer_ accordi ng
t[wan?P R Yd’ruc(_ri Ottlcsfe( ERANLIG 28 FNT At SSomsree of
O asRth fortMed MRNIRIINZ AL Khy Add tof qrp }DNA (5)g
replication conprising the reagent according to (10).
(12) The kit for DNA replication according to (11)

fant h s&%ﬁﬂri r.eagent. for ) 3), A .
n(g}tr)ho ftolr%%r epli ggfﬂl ﬁgl %I{f&%%hg@éal ﬁ%ﬁl‘z&%g&n%é&es aicézordlng
ger f(Onmichs beeme iprteselmeedaf t he PCNA nononer

according to any one of (1) to (6) and/or a
mul timeric conpl ex conposed 30 of said nononer; and

YA pal YRBIRSE £orl Hrofie M8t Rothufr@ht! eoiaCathet@ithhene

DNA according to (13) wherein said DNA synthesis is

PERN SEP ITREG2 F|CCPHE! ipge ent( 8) nientiudh uras! Speei fieddum and a
RN A A AHBINEN 1 Dl | UoFEIAGL ofPRRhe saia
monomer is accumulated in said transformant and/or the

medium.

(10) A reagent for DNA replication comprising the PCNA

monomer according to any one of (1) to (6) and/or a

‘multimeric complex composed of said monomer.

(11) A kit for DNA replication comprising the reagent

according to (10}.

(12) The kit for DNA replication according to (11) further

comprising a reagent for PCR.

{13) A method for replicating DNA wherein DNA synthesis is
performed in the presence of the PCNA monomer according to
any one of (1) to (6) and/or a multimeric complex composed

of said monomer, and DNA polymerase.

{14) The method for replicating the DNA according to (13)

wherein said DNA synthesis is PCR.
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that the DNA replication reaction can be further

pronoted. 5 The PCNA of the present invention has

applicability to many DNA pol ynerases derived from

di fferent bacterial hosts and the high versatility.

The PCNA of the present inventEon can exert an

extrenely uni que performance conpared with

conventional ones in terns of exerting the excellent

DNA 10 extension pronoting activity even when RFC is

not used in_conbination. EFFECT OF THE | NVENTI ON

[[BF28)] Accditdi mgessnthdnyeadden ihasespiesd figdDihel Bmino
l4 g § [ Lo

é&?en5|olﬁﬁ¥§£gg?gﬁgan%&%&%%fﬁhr%%g% Vg&;g?yﬁiﬁgﬁpgers =0

phentd dég: DNACcepdiingttion heaprtdeentcannventfiueheirt prédmoted.

SSi t erformthe DNA extension reaction_which
< f%%ﬁﬁéﬁitl Br&PE gﬁslﬁﬁ@ﬁgﬁﬁne§a§u@ﬁp&§cablllty to many

oxtze pd1Rinertay N der@detd & okl £ £e2@nBRLEE tRESER! RELEN and
OF DRAWNGS [0025] FIG 1 is a view schematically

dhewitdgha viemsaéd 116t - PCllae PC@A 2fi $he prewesownwvgntion
%% %&%@Q'% ex@%ghﬁﬁ?rﬁglgggl f%? aﬂ%%r%%&Fngﬁlhgth

mononer s f of It Rt er face Oon "Wh
|qpmqumlnMadfohbe annme&ms wﬁeEXB@NAn@DmheeeaceﬂQEﬁtaDNA
timeric _conple is a view show n
PG ReRgOr PEPBEL R Pﬁglgﬁtyeﬁareesy §F Ve F PoF #oed in
ReMAiokr+RE&.gene. 30 FIG 4 is a view show ng an
expression plasmd for the PCNA gene. FIG 5is a
view showi ng a flowhart for preparing PCNA

ERERHeI Bk Tkg IEVENT?ONS a view showing a result of
m el ec

pol yacryl a e ge trophoresis of a PCNA protein
dﬂ@ﬁaratloaccﬁkeﬁn@ ts ahei pweskaw ngvantexpreasDER
im(jfor RFCL.
rep lcation promoting factor which promotes a DNA extension
reaction and has the high versatility is provided.
According to the present invention, it is possible to
perform the DNA extension reaction which is excellent in

various properties such as extendibility and reaction rate.

BRIEF DESCRIPTION OF DRAWINGS
[0025] FIG. 1 is a view schematically showing a trimer
of PCNA.

FIG. 2 is a view showing one example of an intermolecular
interaction site of monomers formed in a mutual interface
region which is a joint of the monomers when PCNA monomers
form a multimeric complex.

FIG. 3 is a view showing a flowchart for preparing an
expression vector for a PCNA or RFC gene.

FIG. 4 is a view showing an expression plasmid for the
PCNA gene.

FIG. 5 is a view showing a flowchart for preparing PCNA

A(protein).
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FIG 8 is a view show ng an expression plasmd for

RFCSm 5 FIG 9 is a view showing a flowhart for _
preparing RFC (protein). FIG 10 is a view showi ng a
result of polyacrylam de gel electrophoresis of a RFC
protein preparation. FIG 11 t8 a view showing effects
of adding various PCNA 10 nutants and RFC to Pyrobest
(case of 2 kb anmplification). FIG 12 is a view

shawag efifseet 7i@fv @d@m@yaﬂr 75 1TRONA B ll%‘i}ilyqlég'u'aizcgel
to Pyrobest (case of 8.4 kb anplification
il ef WAARR fGHisn @ Te fof SEN W%ﬂn@r@@ﬂr@@gomm

nutgy s Aand Fglte‘?d E?{a%‘ix? (nc% 551 \Mpligsmﬁ.]gﬂe for RFCL.

anplification). |ewsho ng e
of Eddi rég 1I@CI‘&1A173etm shléwimkgeﬁm feonpreatslioaxpérasmm tE’orIe RECSm.

wh lified |ength kb, FILG_ 15
Showhy BiRect 557 SRAEIPENALS E5 e, FoboSr SRoF e A 7C

eppirestsdion .ti me when the anplified Iength 20 was 8. 4.
FIG_16_is a view showi ng effects of adding PCNA13 to
Pyr EdestlVf ¢ SadH c¥x SERSILEY € Feswién ofhecdnpicryilemide gel

langt-h- FIG 7 | | nef fects of
éeddi ngO CI\lAia?JfgltsoO p r%elglc% Ejtlgg\r%%lq%n ‘time when

t h&'I&npllilf iled al erigih S\h@sflnz_j lelf.feEl@ of8adsliagvivewious PCNA

BT oA Hl Rt Ren PO RS | P8 Péng: KOnATDLS 4 s ion)

30FEGG-1291B8aavib%WS&B@Wh@9e&&%@%%sogfaﬁ@@h@gvggwéﬁ% PCNA
to ExTaq for each extension tine when the anplified
PERGRR Swasd RECgtrp PyEpResso (casg eifel- $héhi pgprdfifdcasion) .

of raddi g PENAL3 %9, Jsﬁow\{%%pl I??;‘A legﬁggﬁ%@ fa gggns PCNA

extension tine en t
mutants and RFC to Pyrobest (case of 15 8 kb amplification).

FIG. 14 is a view showing effects of adding PCNA13 to
Pyrobest for each extension time when an amplified length
was 2 kb.

FIG. 15 is a view showing effects of adding PCNA1l3 to
Pyrobest for each extension time when the amplified length
was 8.4.

FIG. 16 is a view showing effects of adding PCNA13 to
Pyrobest for each extension time when the amplified length
was 15.8.

FIG. 17 is a view showing effects of adding PCNA1l3 to
ExTaq for each extension time when the amplified length was
2 kb.

-FIG. 18 is a view showing effects of adding PCNAl3 to

‘ExTaqg for each extension time when the amplified length was

8.4 kb.

FIG. 19 is a view showing effects of adding PCNA13 to
ExTaqg for each extension time when the amplified length was
15.8 kb.

FIG. 20 is a view showing effects of adding PCNA1l3 to
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FIG 21 is a view showi ng effects of adding PCNA13 to
Vent DNA pol ynerase for each extension tine when the 5
anplified length was 8.4 kb. FIG 22 is a view show ng
effects of adding PCNA13 to Deep Vent DNA pol ynerase
for each extension tinme when the anplified |length was
2 kb. FIG 23 is a view show ng effects of adding
PCNA13 to 10 Deep Vent DNA pol ynmerase for each

X EN SN ddimathenR the BN iddted diepgth s it t%%

FIG 24 is a'view shovvlskg)effects of addi ng PCNA13

PP L s 1o tholwarera FIG 25 is a view showi ng
of et s 2 28418 FOWRS g KOD.AS DOA ROl xgErase o

iI's'a view s ovmng ects of “addi t’o
Fﬂmlt DNA pallyrenrase FdrGeah ieSct@nsiem s-hm Rthed the

flo rt, for reparl expression vector for a
% r‘]:?gél8 Kb a vi ew showi ng the _

eX 1SS 120N 1@ %smldm‘ Ahdwig KERRENA gengd il pc%%1l3s to

a view showi ng a flowhart for preparing a CD- PCNA

rﬂ%lvﬁntFlD@A O liynex adeeiosh@wiohg ex tegsdlon ¢fime when the
q_ff"l QﬂTeql%tglelwagg gbect rophoresis of a KOD-PCNA
I

tei'n preparati 31 is a view showi ng a

fI @achar23 fier sprepar ishpwdng @ficessi of \aeleitmrg fronaa 3 to
RECL gene FI.LG 32 is _a view show ng

@?&P mlaﬂﬁ&rastehéorK@BcﬁFeﬁtgaﬁéonsélﬁl@ewh% the

Iaalpal\ﬁl%\a i@%‘@‘t‘?}gw%sf lsowchart for preparing an
expression vector for a KOD-RFCSm (mature RFCS) gene.

FI 81634 2i4s ig wi evweshehiong nohefgrptes sifondpliagmPENAdS to Pfu
‘?:boK% E’ % 15 FIG 35 is a view showi ng a
vvchar or prepar| ng a
FIG. 25 is a view showing effects of adding PCNA13 to KOD

DNA polymerase.

FIG. 26 is a view showing effects of adding PCNAl3 to Pwo
DNA polymerase.

FIG. 27 is a view showing a flowchart for preparing an
expression vector for a KOD-PCNA gene.

FIG. 28 is a view showing the expression plasmid for the
KOD-PCNA gene.

FIG. 29 is a view showing a flowchart for preparing a
KOD-PCNA protein.

FIG. 30 is a view showing a result of polyacrylamide gel
electrophoresis of a KOD-PCNA protein preparation.

'FIG. 31 is a view showing a flowchart for preparing an
expression vector for a KOD-RFCL gene.

FIG. 32 is a view showing the expression plasmid for the
KOD-RFCL gene.

FIG. 33 is a view showing a flowchart for preparing an
expression vector for a KOD-RFCSm (mature RFCS) gene.

FIG. 34 is a view showing the expression plasmid for the

KOD~-RFCS gene.
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"the case of 15.8 kb 30 anplification).

KOD- RFC protein. FIG 36 is a view showng a result of
pol yacryl am de gel electrophoresis of a KOD RFC
protein preparation. 5 FIG 37 is a view show ng
effects of adding a KOD-PCNA nutant and KOD-RFC to
KOD DNA pol ynerase. FIG 38 i$5a view showing effects
of adding the KOD- PCNA nutant and KOD-RFC to
Pyrobest. FIG 39 is a view showing a flowhart for

nmegsyy. e k0 F ivdeld shda gy BCR1emplate £ GrefpBritig?a
vi ew showi ng a result of polyacryl am de gel
Sl BRISpsTE$iigi-of a PCNA protein preparation. FIG 41

is i ' f addi vard :
e I SR SR £ U U B pride e
apldthogdtdrery)is EfGa KDD-RFE wireweshopiregaaffteohs of

add] vari,ous PCNA nutants RFC to r.obest _(in

ERE T PR S SRR SR aran i s oy KiggCNA
stiuirng 1d e0is g addiked Y 93 REMAS20 mutant s and

RFC to %obest (in the case of 15.8 kb

ampli&i i ilena VHIe® spPviigida ofifewtshodi rgdéndeshs §OD-PCNA

i ' R nd RFC to Pyrobest (in
Hutaie &l @ikg‘%r%’l iﬂ:’iic%’%%ﬁ). 25 FIG 45 is a view
sha@@icng 3&f fiectes wifewaddiond neael dusweGhat Metrankssardng

-G tQ robes inth ase of 8.4 kb :

ﬁlf]it attiooﬁ") tPC%I é\em?gai%?'a vi ew showi ng effects of

additeg @y iiQUs RCNA sHkaRGS aand siE b&E§bﬁ est/16hAde gel
PLANATI ONS OF

EEFTERSPOR ISNERAILS a [FGY26protedNApreDsEetien.10a, 10b
an%T%QC4%CN% %DQQ%%rshowing effects of adding various PCNA
mutants and RFC to Pyrobest {in the case‘of 2 kb
amplification).

FIG. 42 is a view showing effects of adding various PCNA
mutants and RFC to Pyrobest (in the case of 8.4 kb
amplification). '

FIG. 43 is a view showing effects of adding various PCNA
mutants and RFC to Pyrobest (in the case of 15.8 kb
émplification).

FIG. 44 is a view showing effects of adding various PCNA
mutants and RFC to Pyrobest (in the case of 2 kb
amplification).

FIG. 45 is a view showing effects of adding wvarious PCNA
mutants and RFC to Pyrobest (in the case of 8.4 kb
amplification}.

FIG. 46 is a view showing effects of adding various PCNA
mutants and RFC to Pyrobest (in the case of 15.8 kb

amplification).

EXPLANATIONS OF LETTERS OR NUMERALS
[0026] 1 PCNA trimer
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20 Joint of PCNA nononers PCNA gene PCNA gene ORF T7
pronoter: T7 pronoter 5 rbs Ribosone binding site T7
termnator: T7 termnator Anp Anpicillin resistant
gene O1i Oigin of replication RFCL gene RFCL gene
ORF 10 RFCSm gene Mature RFCSLgene ORF Kan Kananycin
resi stant gene BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON [ 0027] The present invention will be

- desqd,bady roonec 1pctgt aichokelow with referring to

enbodi ments of_the present invention. Upon carrying
out? i JEHEH 4l FENPgEREOMERGI neer i ng techni ques in the

pr% \éentpcglg gegil%S%Ii;{letl ons in various

experi nmental manual’s, e.g., Mlecular Coning: A
LABUR&I@RMthNUED p%pmoeﬁmtlon Col d 20 Spring Harbor

Lab r at Pres r.ing Harbor, New York
%f) %éﬁoﬁoﬂﬁehéﬁulkggg GSHandbook (New Genet i c

EnganQ&Mﬂ@aH@&dbqokte&ﬁuha@on Masam Muranat su,
Yodosha, Experinmental Medicine, Supplenentary Vblune

Sréﬂﬁdl@@@ﬁC111999¥es¥§ﬁﬁ§%u§ﬁpﬁsu Ji kken no
884,35 W th Experinents on

Protelns ggﬁfgg gﬁgﬁgsato ada and Kaori M yazaki
Yo@@@hagehgt &dCLI gepel988); Tanpakushitsu Ji kken

No Not ebook for Experi.nments Proteins; edited by
NHEEF%“tQE&S a%&gkﬁsrg%ﬁﬁygfgﬁl8E€odosha 2nd edition,
1988}, Fanpakshi tedidikkengEasdbook (Handbook for 30
Experiments on Proteins; edited by Tadaom Takenawa,

Experi nental Medicine, Supplenentary Vol une, 1st
PREteb0e FEf cRnetiRobor For B P leq by
Taket/dshi ThBigmehbntYédUsha;om7w1ﬂitbeddEBon;béggih more
E%agiahgﬁghewg%hrgg g%ggg% to embodiments of the present
invention. Upon carrylng out biochemical or gene
engineering techniques in the present invention,
descriptions in various experimental manuals, e.g.,
Molecular Cloning: A LABORATORY MANUAL, 3rd edition, Cold

Spring Harbor Laboratory Press, Ccld Spring Harbor, New

~York (2001); Shin-Idenshi Kogaku Handbook (New Genetic

Engineering Handbook; edited by Masami Muramatsu, Yodosha,
Experimental Medicine, Supplementary Volume, 3rd edition,
1999); Tanpakushitsu Jikken no Susumekata (How to Proceed
with Experiments on Proteins; edited by Masato Okada and
Kaori Miyazaki, Yodosha, 1lst edition, 1998); Tanpakushitsu
Jikken Note (Notebook for Experiments on Proteins; edited
by Masato Ckada and Kaori Mivazaki, Yodosha, 2nd edition,
1999); Tanpakushitsu Jikken Handbook (Handbook for
Experiments on Proteins; edited by Tadaomi Takenawa,
Experimental Medicine, Supplementary Volume, 1st edition,
Aug. 15, 2003); and PCR Jikken Note {Notebcok for
Experiments for PCR; edited by Taketoshi Taniguchi, Yodosha,
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[ 0028) For base sequences, am no acid sequences and

i ndi vi dual conponents thereof, synbols sinplified by

al phabetical representation are sonetines used herein,
and 5 the representation in all cases conply with
comon practice in the nolecUfar biol ogical and gene
engi neering fields. To sinply show the nutation in the
am no acid sequence herein, for exanple, the

Nens esEtidin, 0N 99gh A% SREAIAL IS asUs@EereRLA3A”

I ndi cates that aspartic .acid at position 143 10 was
S8t ut edari bass ssiavencese. aming estids sehwenges ond
t;he .aum acid.resi dye fare t tituti R
o LB SRR i B b G < B
teigphadelistdatlutriepre sdnitesd oot herewissmespaeislt uedd dackin, and

-%%%gence I D _nunber .corresponds to SEQ I D NO descri bed
[

ERRERCEP TS T8t iifg 2L 0G2SF S1 COBBNK A thhEOpFeSeRractice

iinvend edledutiRe BeNAJRRAMELQf Jjbhe BhE3IBBEring fields.

i nvention, the amno acid residue at a"certain
IT6c &Y §hokHe thet sutasd ony dgi dhewaindhocentdi begusnce
| ti-neri Rt | [ i.fied, at, | S Ban =

TR R e eRarBIEn, 18R ek snlhr ke Spagda is
atsewhi cHDHEAI"' ntediohees| ahaitnbepactianacis her pediithon 143
the interf, cg rengS ii conposed of the amno acid

MESi §HES TPERY9g&AE al 28R udl- ScharBeirepapstor type of
helwaend nbhe cRENeBEBA dueHBEeot-Be thentapaRk egrl 8h, 29+t s
interaction" refers to the physical, chemcal or

EPEetire apft Enactypr @i theoemane bBeidesasiHee after the

. _and I . eQf Jenclud tions

SabeE BT Ry, URRER BEpbhfiaR, Rk iEu, "8aBR S8GRence 1
combermabirerspndda sbeBEQ SDr MOt deecrabedWehl Saguence
%arious i nternol ecul ar actions such as ion bonds, 30
v8F358n bonds and a hydr ophobi ¢ interaction. Wen the
PENAoMONONE SpERAMi A AHE! LFBEERCOARLEX  ohhe

multineric conplex is formed by the internol ecul ar

‘i nt er &8t £bA, PENG. mongueygapfatheapresantr ipventhgnef the

EH?nEnESEEaQSSESQEOQ§ gfc%§tain location in the interface

region which contributes to the multimeric formation is
specified. That is, in the PCNA monomer of the present
invention, the site at which the intermolecular interaction
is formed in the interface region is composed of the amino
acid residues which generate a mutual charge repulsion

between the monomers. Here the "intermolecular

interaction" refers to the physical, chemical or electric

interaction which occurs between the molecules, and
examples thereof may include actions caused by a molecular
structure such as a conformation and a steric structure, as
well as various intermolecular actions such as ion bonds,
hydrogen bonds and a hydrophobic interaction. When the
PCNA monomers form a multimeric complex, the multimeric
complex is formed by the intermolecular interaction, e.qg.,

mutual attraction or joining of the interface regions of
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the nononers. I n one preferable enbodi nent, the am no
acid residues are conposed so that the amno acid
resi dues which forminternol ecular ion pairs or an
ion pair network are nutually repulsed in terns of
el ectrical charge. The PCNA 5l8ononer of the present
i nvention has an activity to pronote the DNA
replication. The activity is excerted by the nonomner
IfiRe hfor@mdrise Ml oMY ipramRIa% theie@enthe the amino acid
"“mutant” when referred to as the "nmutant PCNA" herein '
SIS eSS I RIFE NG hadi dhse godmee agiiff @esiidues which
faom t Lent i I -}
e O H T At Tle P, depipk are
myttatagd yorr epedtisread liyn aecurss of [0@3@lrithd milatrigeer i Che PCNA
conpl ex of @ whi ch is one qf ghe factors i.nvol ved
MPTOEDRA 9 FESSSOT rOYERTIR™ $35F GPmBF tHY 1jdi fengromote
afhel MAATRYIEICS tABMAN ITHL RS 10f, aR Nxl3 deimiRakhe
regi on of one nmononmer and a C termnal region of
HOOHET ASRGrHT OrTREENMU eI cr 6gindA ke tdien emdans The
e Pt Rl LUBRIDS LR O el AfuNLEr Bcids 81dofleneans
C termnal region herein means the portion from fe
cemperisting tthe E@ntieomacis weemehhe phidtfeirenits fregatdad of
as one.chain. 20 In e ryotic cells and ,, . .
éPEH&Q&&@P@ﬁ#&;%ﬁémR FoRm ehe derPNBPTi Aifkhyardshswhether
Anlel intRant0del a®h iPCNAMAY niukh¥elr akedatRrEh®y LochSs.,
shown in FIG 1, the PCNA" nmononmer 10a, lob or 10c is
ilG0R8d wi t AhgnsuREimegAenEomPA exeaéh PENRNIWhAChr &gi epe of

f oL e G ..C I 1 1aving a L . .
P eLarar et A ILTRE, 50 B repa BN Iyt g 25

forower dynmgbeéainke oifnthef acecmand theani Aheerdheeubdr an N
intenacﬁion which attracts the nonomers is . forned

isPdEth&FEoP™ RInbA& MOFOFRE PREePNbI Legripal region of
bAbehagt meRola rPYr egacqUEEUHIASYS rBENAN Pe$BOWNLEANs the
FIG 2. 30 In FIG 2, PCNA having the am no acid

PegiéABe fyeBctNBegenferSEQ theN® Refaihng asiddthe C

%@9H§Hg§.gEPW%hdhE¥@§n géRgN@%eiﬁﬁggagﬁggggg'tﬁgecenter to

am no aci esi dues containéd in fm na
tégi 6ntetmdnesnehenerthéOarandihhésamrtgardeddas one chain.

In eukaryotic cells and archaebacteria, PCNA forms the

- trimer in many cases. A trimer model of PCNA was

illustrated in FIG. 1. As shown in FIG. 1, the PCNA
monomer 10a, 10b or 10c is joined with another moncmer in
each terminal region to form the multimeric complex 1
having a ring structure. At a joint 20, the terminal
region of the monomers makes the interface, and the
intermolecular interaction which attracts the monomers is
formed inside thereof. A model of the intermolecular
interaction in Pyrococcus-furiosus PCNA is shown in FIG. 2.
In FIG. 2, PCNA having the amino acid seguence described in
SEQ ID NO:2 (amino acid sequence of wild type Pfu-PCNA) is
described. The amino acid residues contained in the N

terminal region of one monomer 10a and the amino acid
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19 residues contained in the C term nal region of
anot her nononer 10c forman internol ecular pair. As
shown in FIG 2, it is conceivable that the am no
acid residue group at positions 139, 143 and 147 and
the am no acid residue group 5%at positions 82, 84 and
109 in the am no acid sequence described in SEQID
NO 2 formthe network of mutual affection. [0031) On

tree ieRld Aohtdihdda npr@sent ticnAME10%e Jilde, o'fm%a%'bftﬁ%%
is constituted so that at | east sonme amno ac

FESicFes 14c theasjape 1at epmiodle e @@eﬂno|@@umapwn in FIG.

t 1 |
PRCGal AT G T A (EA REFLFRris Bre Gogt ehgpe ot

pesultsicors BB X, hd 4<Bhamgle§. 40f atnkie thie rMiae dcoiesSirdgesiuengroup

the interface reglon fqre, examl es of such a 15
EBCRATSR Yo aad jrq%c&ﬁ’bltﬁl&t PEH DR &CE I RETHRPAE

Aeise r RS Q%B%E@pntam@e@ if8 rih @ henthehfRcs LedheRruane
both conposed of positively charged nol ecul es and an

@SHSIGHdon  where the anmino acid residues contai ned
'%o%ﬁ? Int nh%%% g%%%l glgﬁnb%ég %g%%%%d 8 entﬁon, the

negatlvel arge re Specitica
uatpméb@eahbecbhaticumbdnablmhatcamsu&hsto%oaﬁlamlacldc1d

resi, ues bot h.of which arg ag % am no acids or both
&F SRAHER t@&sﬁ&tgnﬁﬁow dFds Ehendntacmeilecihfio aci d

HRY eirdeityde @&@@&gl@recp@s&@@b@qylébgglgéd ﬁﬁﬁugnlg)
and glutam c acid (abbreviated as @ u or .

H@t@a&nﬁﬁ@rg@uaeﬁﬂﬁspﬁeruaéreyguﬁ@f@abbm@vthﬁemuagal
LByt oy Rl R GO0 LR o g B8l in e

Iheeeﬁace regibhe bEheseﬁbrEhEeRSNle8Vbﬁgshbﬁ aanino

aC| uence described in SEQ NOS: 2. or 32
%&Pntﬂéyp98§éﬁg |ﬁ@eﬁPWBﬁnP§18BtHPﬁ58IEhﬁyamlno acid

@bb@aue@ thatarhaa aﬁl@hée§h€e%fabel%@%&oﬁtaQBeboth
position selected from the group consisting o

pEBPPEEAs o§2pogdtivedy ¢hBerged3mapgceules and an combination

where the amino acid residues contained in the interface
region are both composed of negatively charged molecules.
More specifically, it is preferable that combination
consists of amino acid residues both of which are acidic
amino acids or both of which are basic amino acids. The
acidic amino acid may include aspartic acid (abbreviated as
Asp or D) and glutamic acid (abbreviated as Glu or E). The
basic amino acid may include lysine (abbreviated as Lys or
K), arginine (abbreviated as Arg or R) and histidine
(abbreviated as His or H).

[0032] Therefore, on the basis of the PCNA having the
amino acld sequence described in SEQ ID NOS: 2 or 32, the
PCNA of the present invention i1s obtainable by altering the
amino acid residue at least at one position selected from
the group consisting of positions 82, 84, 109, 139, 143 and
147 in the amino acid sequence described in SEQ ID NOS: 2
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147 in the am no acid sequence described in SEQ ID
NCS: 2 ..... ....... . 20 or 32. As a preferable
enbodi ment of the present invention, an enbodi nent
conposed of the ami no acid residues where one or nore
am no acid residues selected Pomthe following group
(i) and one or nore am no acid residues selected from
5 the follow ng group (ii) cause the mutual charge
AP Os IS Pt dndddi AN faGiHd 8%isdW® invention,
group at positions 82, 84 and 109; and (ii) am no
&1 @WW%WO@@%@& fiheneMi3®, 2148 awsgitsps where one
M S ARE Al I diSiAll LARlR Aty LBe LGAMRIAFLLN
one or more amno acid residues seléc romthe
@hanenEhtlemmiidma canchoare aori D lee ialnee idtied seskedites from
éﬁi fromthe afaorenentioned (ii) are both the
ed. Y SHUE Il ldr EAE Hive HASRC SRPRGCadcRylsion
Thatesdesnp 1T itie preferabl e enbodi ments may include an
enbodi ment in which at | east one am no acid residue
sdlle MMEa of Behc FesigiueugrOup atd parsitéass 8Re &di mod 109;
id residue selected from the group (ii) are both
the acidic am no acids selected fromthe group
dansi simimg ahldsmemtdueagm@u@netgb@eamuengo18®|dléandnd 147.
an e di ment h at | east qne_ am no
resi da r?eﬁ@@?é%lFP&ﬁVrhétgﬂéuﬁueFFb&ﬁdtﬁﬁtlE§§t08ﬁglnatlon
3T RRe dE horeShadaosalect edsikemst Re19EeUR Eirbh N8
both the basic am no acids selected fromthe group
ﬁé‘eﬁfleunﬁgoaied I(ydi pad ang wirn@czxed ahiopi dicad. r251dues
h tiyit h pl.i ,
CORA e i o rhs o leieyig)  seaneof Rt REngotate
@NAnorephueabmoaresbptbnmhedbeeﬁnaemdmw whitBe That is,
replication e ori |naI wild type PCNA.
§§&Pﬁeé§|r|aﬂe. frpodipebtd PPaciRGLudEhar EREOBEERt in
waabhcathea@&oaaglaala@tbtubyrbélagehgah@&teaa@rbﬁakhe

of the PCNA nmononer having the am no ac
group (i} and at least one amino acid re51due selected from

the group (ii) are both the acidic amino acids selected
from the group consisting of aspartic acid and glutamic
acid, and an embodiment in which at least one amino acid
residue selected from the group (i) and at least one amino
acid residue selected from the group (ii) are both the
basic amino acids selected from the group consisting of

lysine, arginine and histidine.

-[0033] The activity to promote the DNA replication (DNA

replication promoting activity) means that the DNA
replication is promoted compared with the replication with
the original wild type PCNA. Specifically, it is more
preferable that the DNA replication promoting activity is
higher than that of the PCNA monomer having the amino acid
sequence described in SEQ ID NOS:2 and 32 or the multimeric
complex thereof. As another specific indicator, it is

preferable to have the DNA replication promoting activity
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sequence described in SEQ ID NOS:2 and 32 or the

multimeric conplex thereof. As another specific

indicator, it is preferable to have the DNA

replication pronoting activité 21 which increases the
activity to an equival ent exteht and up to 10 tines

or nore conpared with the activity of Taq pol ynerase

in ternms of extendibility and reaction rate when the
evttiendiibidriclay ean @ hieh@ otaaaityor o ahe eafug vaBasr eet2nt and up
accordlng to the nethod of neasuring the DNA

t&p 1 i% TGS e Mowst ypogmmdi i ithe tRRaRFIdd Lynofofed
lﬂéfﬁﬁerEQQSQL E@%m@c@% % teRQiPLese ahﬁvgggbgqon rate when
incl'udes a PCNA which is substanti enti cal

ttie E@N&n@a%ﬂdgtWh@ndaﬁ@EemEﬁtﬁdn@drate are measured

AR G AARTO R IRNEGS M soonicacion

iarelivdes, ahomhtaﬁttBQNﬁxﬁ@Wl%@ ke tpoakar abhewDNA
replication pronotin activity as described above and
dOPsAilsi ng Thet &FNEneToftheneresensedavantimspndngdiuges a PCNA

walc%uel% $eheehed ifnam ke ngreuR tsowestpg&a ﬁfav%g the
dition, an insertion, a substitution an
@@Qmﬂm@mtannﬁﬁemuaageO@Fcnmmannhnblemngotheldfﬁeqpeote
itions ther t han

SoecRiRaTdy, ' RTEE08 Tra8%%, psoiRat1a5 ehsdte aficiudes -

- mmma@ta@t@& hak@ngspeel bredelrybl et oNAOreplebatabhy pZomoting

to 30, nore preferably 2 to 10 and particularly
ﬁﬁeﬂéﬂéﬁl?Szd?6051§ﬁﬁn§b@8€d§ndlﬁoﬂgréﬁéﬁgamﬁﬁéﬁépﬁs of one

b&es%QbQ%laQFQHBeg'gﬁe§e%255%§pggq Egeﬁogrbﬁ the group

positions selected fromthe group
@bhﬁiﬁminbeoanﬁnoaddﬁdisequencende$¢nobedalBuSE@ltDtlon and

: and 32 e constlt ted.to use .t he
Brardet 100 iR PhE SAMRE' bF S5en apTihiBuns, ERE B eF e  of the
peeephabliavientribe 3% @6@&@1@ﬁbdotﬁ&kduﬁanOEBerpb@amlons 82,
t he predeterm ned am no acid_residues according to

Bhe BASititdAs &f3t Redgdddp (i"Peardrédr anine geads” (IR,
peatedatt o106 38 Wobhou3engly EST0LARDLs prgteraly
¢on§éraaﬁipar$mbeﬂatmylpmeﬁérﬁbéyaﬂino &chginesiadieds. In
such a protein, the amino acid residues corresponding to
the positions selected from the group (i) and the group
(ii) in the amino acid sequence described in SEQ ID NOS:2
and 32 are constituted to mutually cause the charge
repulsion. That is, other mutations are acceptable in the
amino acid residues other than the predetermined amino acid
residues according to the positions of the group (i) and/or
the group (ii), provided that the activity is not
remerkably impaired. Such a mutation may include a so-
called conservative substitution of the amino acid residue.
When the mutation e.g., the deletion, the insertion or the
addition is introduced into the position other than the

positions 82, 84, 109, 139, 143 and 147, the number of the

amino acid reSidues after introducing the mutation may be
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30 When the nutation e.g., the deletion, the insertion
or the addition is introduced into the position other
than the positions 82, 84, 109, 139, 143 and 147, the
nunber of the amno acid residues after introducing
the mutation may be 22 diffedent fromthe nunber of
the am no acid residues before introducing the
mut ati on. However, insofar as the position
earfresRARdE rioth tthe PRSIrOR fSRAWN sl nlth@cid residues before
aforenmentioned (i) and (ii) which locate in the
iLRtEOrREE ngn & heu fdialtyl ogi-v e Howee I, ntiaysedlagc @sathe position
[ [ f f.Qr g : R [ c lex. .
SORA TRV oR (2% L PR S I Frse 4 TR Shpgl 1Bned (4
RENA (Gfi)t W ighedert tienventthen inAwefgcehand mutually give
f orenenti oned tant PCNA, .particularly those , .
Tot ai ?ﬁ&giﬁm A NEEEEEHLOR G Tof OFHE "Enithe Filgimeric
lc@fipd b , att hROPICNRO P ald ng3 et Bhkeven@udbeh9$€ included in
contai ning the other nmutation in addition thereto are
sher ECHB efhddgupserivay daveaadiony prepar séeand

it : ctyi [ r h .
A
caplyi ¢akei subseddchitdon dF ithenamiewaethiy ckeddue at position

;@mev§£, it i1s spec%gated t hat .t he rigg structure | ,
f'or W& by U NUPE MBPPE COMpRERIBECSMES OtReTaliopmton in
&d@htﬁbﬁtth@%e%@”@&%xpkéf€k§§96!BE%QuHEOQhePQ%B%VEEHEQy
el evation, whereby the DNA replication reaction is
PFEPEKPY pafeRt@dfand-consequently the DNA replication

ction.i rth e epti o Y, ct
105 i chmhas T Henn Ry S A s F Y R RE N g e
poeseeLs inyventédnf caml prooocter theheNmukrtpleEee icanpkaxtion

woul d_ _exert role as a stable ¢lanp and working. as
eﬁenBﬁAeFéﬁF?LéfaFﬁSﬁr-pr BRYEVRG f ALt &F. SAGREVALed fhat the

&th Beirdkruk-Be REFRSENby28nENNANEEAB rREO%LARI ki BAERESs in
different fromconventional one. That is, Wthout
gofiedrr eHFhusbasf tRECcOoRpdeki im PBoadociiatethepon

TRhELIRELE O TBLEY 80 NAE-AR0CCRAr oAt -EEMAELbH, Feaction
pon repetition’of the éplicat’i on
sachmoothly repeated and consequently the DNA replication
reaction is further promoted. Conventionally, the idea
which has been widely accepted was that PCNA monomers
joined firmly to form the multimeric complex would exert a
role as a stable clamp and working as the DNA replication
promoting factor. However, in this point, the present
invention provides findings different from conventional one.
That is, without concurrent use of RFC, too firm bonds in
the multimeric complex are not good for the PCNA activity.
In particular upon repetition of the DNA replication such
as PCR, when the ring structure is weakened so that the
complex is disscociated upon temperature elevation, the PCNA
exXerts higher promoting activity than that the wild type
PCNA exerts in combination with RFC.

[0036] A specific example of the preferable PCNA of the
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as PCR, when the ring structure is weakened so that

the 30 conplex is dissociated upon tenperature

el evation, the PCNA exerts higher pronoting activity

than that the wild type PCNA exerts in conbination

with RFC. [0036] A specific ekanple of the preferable

PCNA of the 23 present invention may include the PCNA
nononer having the sequence (D143R) in which aspartic
et ettt POSIdIARBNL 42 Na%c1RRRN tFDHaNAU R MM having the
arginine. The amno acid residue at position 143
FEBTFS S o HHSTYr dap Whidion. aispapitiis easel athe@os igdono 143 has
el @%ﬁé%ﬁ%ﬁﬁgﬁ m%%ﬁ'd¥$iﬁ§%e 84T%%ga%8% b%%gﬁg ggldue at
to the group (i) are argi-nine, |ysine an

me&penxuwéMﬁ baiebrigise tion ttéuemol rexci amllnteﬂactmae ﬁaﬁe, the

_ be N ]f%ate ere the interface regions ar
Bfan ¢

PSS EY S Séite PSSR ds it 1986 Pperaing
it ttmes Jrorup has \&&lé Dﬁ%laaln@ncq@s%tee Rl i 1 aRd

reaction rate in the replication reaction and
é’ﬁé‘ﬂ%t&‘fﬁ&m&n @iicatihy é%@@lrﬁ@litecud@éi lirdeyaggtiopnmay be in

EO%%EE e%%%tl %%%&%b%nﬁ%ﬁ} r%%%d%it%al%y repulsed

polynucleot| e encodi ng the e presen
morentsitamnglis thhe amiurd .aciTtiel PCdddeed hiisofotrhehbaseell -
and dye to degenegﬁcy of

b
PR, Sk anln 14 0ere Thasiates Trke na LheLuNd by

Fepliiicaliitn deabasensoader&@sts %Oba%%@@BUQEIQh%xégﬂmgnt
aci d _sequences described in SEQ ID NOS:2 and 32 are

8Rcdded by afd oBase sequences described in 20 SEQ ID

B3 and Fhe Thelehor 8,20 auBody e, of Lo

polynucleo resent 1 nventi % he
boﬂvmmcﬂgomahﬁneﬂbedhndetha)PCN&)oEOt%QU@&EGEthinvention.

vin a base sequence e ding an _amno acid
Egaué 2% ASHA A GRETGFOmBremaRTiobcrd S9gUpBSEdREsa codon
gabeel ednlr et Be @LOUWRctbLyaBE @RG CLABRKE @angmlno acid
acid residues selected fromthe group (ii) in

8/FHENCEC M@ Ys Bguencedgas bi Bed LiugadEOy! ng@s.sg aﬁquszces
%@%eeggﬁgle, the amino acid sequences described in SEQ ID

NOS:2 and 32 are encoded by the base sequences described in
SEQ ID NOS:1 and 31. Therefore, an embodiment of the
polynucleotide of the present invention may be the
following polynucleotide (a).

(a) Polynucleotide having a base sequence encoding an
amino acid sequence in which one or more amino acid
residues selected from the group (i) and one or more amino
acid residues selected from the group (ii) in the amino
acid sequence described in SEQ ID NOS:2 and 32 have been
substituted to mutually cause the charge repulsion.

[0038] The polynucleotide having the base sequence such
as (a) may be easily prepared by modifying the base

seguence at the positions corresponding to the amino acid

residues at the predetermined positions in the base

sequence described in SEQ ID NOS:1 and 31. Conversion of
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substituted to nutually cause the charge repul sion

[ 0038] The pol ynucl eoti de havi ng the base sequence
such 30 as (a) may be easily prepared by nodifying
the base sequence at the positions corresponding to
the amino acid residues at tBé& predeterm ned
positions in the base sequence described in SEQ ID
NCS: 1 and 31. Conversion of 24 the base sequence

hasehar theniamRe ofskhe v agigd 'B%yth*ée a8asld Ycid may
perforned based on the codon table

P61 yARsdHeb tedd orefesr bagedo diertdien qmg@m fekdge bahle DNA
?%%y%?&%ed% g% QQ%e§E%%Pq %%f%fﬂ &gﬁitgﬁggRﬁi%ghgﬁﬁ and

inclu chimeric nDIecuIes 0
fytay, i és dofub 1ENA tammc dRNAG bO@&%blEhet&ahbowhh@ may also

pol ynucl eot,i de ,(b y so he __incl uded |n th
BSimiE S it e epsamt PR ORI ppsl Bybrids of
Polzy el @@tz de which hybridizes with the 10

pal ynucl eoti de having the base sequence conpl enentary
tl§03He bafaesdgldprensf poRanaicdesrddei dhédmay also be

I |
BRI 0L, 40l Bl MRS sl 0EP BRREL AT RS
sequeﬁte @@ﬁ@hﬂnﬂgothdeamhn@hamwﬁrlﬁ&&edua&t&othbat

on g 0 acid resjidues selected 15 fromthe
yﬁue. % ifCoRE oRInE e SRPRe SEGETFESFATELeRENtaTY to

wlee@ta@@ Seemehbe groupe( Ialfbr%b%%llbﬁeaa%@yhhélge%&a% (a)
repul sion; and whi ch encodes the PCNA having t

&ﬂ@ﬁénén§¢éﬁ@§eDNACﬂé§n¢éQppowhpp@nbﬁﬁnghacbavEtyequence

ngéghgg eagbgmgng gggggﬁ%% E%&b?%&@b”%ﬂ% ggggpdaCld

tob |ze repare
meshdmssbasedhamnohbeobamerseqmenoead&ﬂcmebeduee SEQected
or 31. Th j ective E | ynucl eoti de may al so

I.D NG,
Eéows5$§t@6089 $47 ngPEnERepPELBEOES BRROUBCE foTes idies

pehyeiekegt-bie the g§oh$bth'Z%ﬁtbﬁ@&gwbbhséc%Hédbﬁgrb%
the standard net ho For exa robe nay be

Eﬁ@ﬁéﬁé@nbyaéﬁpWhﬂyhngnpﬁd@§a§hes@@NénbéVngohbé in a
BleASELAnRE oAANBRR YEF1QLat3BH EYbRLIINGUL R0 ey,

[0040] A probe which may be used for obtaining the gene
to be hybridized may be prepared by standard methods based
on the base sequence described in SEQ ID NO:1 or 31. The
objective polynucleotide may also be isolated by using the
probe to pick up the polynucleotide to be hybridized
therewith according to the standard method. For example,
the probe may be prépared by amplifying the base sequence
cloned in a plasmid or a phage vector, and cutting out and
extracting the base sequence for use as the probe with
restriction enzymes. A site to be cut out may be regulated
depending on the objective DNA.

[0041] The "stringent condition” refers to the condition
where a so-called specific hybrid is formed whereas no non-
specific hybrid is not formed. Examples thereof may be

conditions where hybridization occurs at salts
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extracting the base sequence for use as the probe wth
restriction enzynes. A site to be cut out nay be

regul ated depending on the objective DNA. 30 [0041]
The "stringent condition” refers to the condition
where a so-called specific hyBbid is formed whereas no
non- specific hybrid is not forned. Exanples thereof
may be conditions where hybridization occurs at salts

g%)GOC andkg%%ggﬁgg%ﬂe 1 §§% %§ g%%%) %§o §ESGODC

VY & o e erabings o .ng xCaruti taInQﬁ oofi sa ey @Itn@oycSOwhhehnls a
hybri di zati on. As the pol ynucl eotide to be hy6r|d|zed

IR ncheonstitiisget a8 @nfdinEizon' Sowtﬁlemsx $yibrdisligation.
tﬂ‘é""ttﬁehgaoelf@&o o%tt' %edco @3%' 3&%9:] gile gjg%% Fe "stringent

prefera nore, nore -prere or nore,

-s:tqridltmmé ,prief arsalsu (3o rt har e;lmdf&trlehdenﬁifoeled

fera 95% o re honol o to the polynucleotide
B ToiE N T ERRrRnLYG Xite OF0 TReel GBS
e R@IMINC 8BASE McARTAstE1US tRlr WA2RE LR 11 k@) s %&y more

be used. 0042] The protein conprising the amno acid
1 gwes; @é@f@yfatbrlafn%at oy Molre Ib@s@l@@q'ué:@c@h@f
f d p I h
o AR Ry i BOIT ke Canebifiedh yhe
thmDng@temmrhaxampﬂe famsTDNAABemLIcansaalpmoﬁmmjmge like
act| ¥ﬁ¥§ the activity of the aforenentioned
% he present invention. [0043] The

m@@ﬂ@q0|eoﬁh@ep95tbﬁ% RI&2eNlsihAVeRt Ri6BN ack® sequence
i ncorporated into an appropriaté vector and used as a

Pait apslpidside dhied bastheegeensbi rdntthe
I b | I
%%B%%H& %qghgé g?ﬁ%%h?&%%&%ﬁ%né%% Bg¥ %hg %%P?%%g%lfﬁglOn

Cai ned ynucl eot’i
pﬂ&hﬁmahbeaemhﬁdtgentM@ﬁeth@ecﬁéd@ﬁhﬂpanthls protein has

present invention may inc

gﬁIynucleghlde 0 ude
CeRprEs SN B TFR 98@ 9§rP68§°F6Pﬁsa8FlFH§Y2§S the activity
DEPRASSheB reRehensnbaverbeenanabiready kpewanandnsepeieh.

%%%gg] The polynucleotide of the present invention can
be incorporated intc an appropriate vector and used as a
recombinant polynucleotide. The recombinant polynucleotide
herein refers to a hybrid molecule obtained by ligating two
or more polynucleotides. The preferable embodiment of the
recombinant polynucleotide of the present invention may
include an expression veétor. Various forms of the
expression vectors have been already known and some of them
are commercially available. The embodiment of the
recombinant polynucleotide may be appropriately selected
depending on the intended use, and the publicly known
expression vectors such as commercially available
exXpression vectors can be used. Specific examples related
to the expression vectors are shown below in a non-limited

manner.

[0044] As the vector, plasmids derived from Escherichia
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are comercially avail abl e. The enbodi nent of the

reconbi nant pol ynucl eoti de nay be appropriately

sel ected depending on the intended use, and the

publicly known expression vectors such as

comercial ly avail abl e 30 expt®essi on vectors can be

used. Specific exanples related to the expression

vectors are shown belowin a non-limted manner.

[c@Q44](eAg .t heBR3CLOr pBRIBaSHT ggcder,i yed 18l OFbmmercially

Escherichia 26 coli (e.g., pBR322, pBR325, pUCl2,

pUeid abdsmrelc Vaclpr é@élPgﬁﬁeVSBTOVé§F6PtéﬁGn§TRG plasmids

S a pl,as de

B OB Pt P2 et SRl Rt S bpages

aniciaksvir phagesuchiaslr @irQ¥esUSuch 4acekBiravyiktp$s

and bacul ovirus; plasm ds suitably used for Bacillus

yasciinig perys, aﬁ@sbﬁeulsvpsuSpcmgafml§§ weftagdy used for

@%bl&ﬁuspézkt QBF/QMV pR%bB%YO p Q@QL/ 99@nd gg well as
ke are used ? Any “priondt &rs Ty bé use

p@ﬁglés PHEY , ap®cYOMY Ui PROV/RSHs spcDiR@dNeit hnboshe like are

ceIIs for the gene expression. For exanple, when the

§S€-cell is derived fromgenus Escherichia, a trp
qnoaaqer ankaprpmemret-er mag becAscgr a@dtiehg askchby are
pronoter, an |pp promoter and a T7 pronoter nmay be

G544 OWASERE 1RGEE BRER PesBcFPIda FPBmtEnaEnEsexpression.
%%%'%&Hﬁ 1@” §R€% EE@"BBE% cvﬂlsﬁgzg@EQQBhe% Bﬁdgénus

penP oot er e used. en th ost cel
ﬁba@Erlah@HCBa pmpnptemptarPGK peonptemptarGAR rech
pronot er and an ADH pronoter_may be used. Wen the
RESHOEBEY PsMBR PRSBEESEe| P 1EPpBF9ﬁ@E?FnaﬁﬁoﬁD?@rPromOter

296 BePhdeAr oy h%h HRY pssgﬁégﬁawﬁgndéglégda%kggvggﬁhg

I s“used as the host cel ronot er
pacndtiers, an HPULLPRopotrot ean §PCRNVpromoter and a penP

t onegal ovi rus promoter and a \/- pr.onot er  ma
BEEEd nRgoke UrRo e BReralds: Borh Peiinig Yegey. & PHOS
b@@ﬁ&EéEQtEOQGK promoter, a GAP promoter and an ADH
promoter may be used. When the host cell is an insect cell,

a polyhedrin promocter and a PLl0 promoter may be used. When

an animal cell is used as the host cell, an SRa promoter,
an SV40 promoter, an HIV/LTR promoter, a CMV
{cytomegalovirus) promoter and an HSV-TK promoter may be
used.

[0046] It is preferable in terms of easy recombination
manipulation that the expression vector has multicloning
sites. In addition to the aforementioned, a selection
marker, an enhancer, a splicing signal, a poly A addition
signal, an SV40 replication origin (hereinafter'sometimes
abbreviated as 3V40cri) and a terminator can be
incorporated into the expression vector if desired.
Examples of the selection marker may include an ampicillin

resistant gene (also referred to as a carbenicillin
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25 mani pul ation that the expression vector has
multicloning sites. In addition to the

af orementi oned, a selection marker, an enhancer, a
splicing signal, a poly A addition signal, an SV40
replication origin (hereinaftéf sometimes abbreviated

as SV40ori) and a term nator can be 30 incorporated

into the expression vector if desired. Exanples of

thess isAle0d ihdTRrdRietTRe d REJPHES it AMRICiANY)) a kanamycin
reS|stant gene (also referred to as a carben|C|II|n 27
rESisttant geie (Somstiifes abbreviiated as K,

I i S_Je%t ant, ge ?ﬂelnces o(%%trr[elﬁ‘?ne?sb %%%\Qe%%% B as Tet)

Kam , tetracyc iner stant gene (sofeti nmes
abbﬁ@mdﬂqﬁbhm;'aagd ramumﬂmgﬂaﬁzmmx amm@tn&@ucab@rev1ated
enzy sonetlnes reV| S dh ne

fﬁ%t e%ﬁ?gaﬂﬁﬁ &ﬁ%ﬁ dﬁf ) and a neomycin

resiisitantt e (SUMRiHimRS @wr%wl@tt%@ A% IN%, SLETS
resistant). |f necessary, a signal sequence adapted

s iste@thost IeNedes sadded 2t & 1tdne N Sesiumingsl asiagéesf for
3 HeARGQIP o@l&g%u%'d%% H 48 %eaNcaa%Sr% %%13f d}d% R &Sk gom

i nvention host™ cel | erive rom genus
Eéa@anudﬁemtxﬂe BlroA $agmaktse@demme @m@s@ntCﬂnAentlon
naI n-.be d. When the host c

§1 e rtlb\?e Ofsr oﬁ:]eg ngs dggélvlefju IO, 9gPRRy ESSH L El&la' a
PRGRERGYNANT s2osiehlclel a®idN anS OAPAl sSRAUWENGRERRCBE can be
utlllze?. Whenq?he host cell |g@15 ?gast gﬁ MFa
§¢gﬁ&%e§equ@W@@ B aﬁsguezl§|gﬁa@egéqﬁénééomcgﬁnbé

t he.host cell .is an ani mal cel

PR i Ao eqaenEe S1aR"4. PRCBFPBROA™S) gnatbtiLisin

%Q@%@QC%eq@@%c@ncBaSbEaﬁ@§§xE@HIOnwﬁ@an%heSﬁag%nealqa&s
be utilized. [0047] A transformant whi ch expresses _
vheSDNAamowwnEEaseazoseﬁueheepaaﬁemh iSZentignadaseh@ence

EoR et BaA0a Yil Bhe, BEREP RSk cont, o
T o R SR o e e el 5 L?%%é—”%s&ueme
eed snmewasi felrudeybactieni alignal sequence can be utilized.
{0047] A transformant which expresses the DNA polymerase
of the present invention can be produced by preparing the
expression vector containing the polynucleotide of the
present invention as discussed above and then introducing
this into the host cell.

[0048] Examples of the host cells may include bacterial
cells derived from streptococci, staphylococci, Escherichia
coli, Streptomyces and Bacillus sﬁbtilis; fungal cells
derived from yeast and Aspergillus; insect cells such as
Drosophila S2 and Sf9(Spodoptera Sf9); animal cells such as
CHO, COS, Hela, C127, 3T3, BHK, HEK293, Bows cells, |
melanoma cells and hematopoietic cells as well as plant

cells.

-[0049] = The expression vector can be introduced into the
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the host is cultured, the ne

25 cells derived fromstreptococci, staphyl ococci,
Escherichia coli, Streptomyces and Bacillus subtilis;
fungal cells derived fromyeast and Aspergill us;
insect cells such as Drosophila S2 and Sf9(Spodoptera
Sf9); animal cells such as GCH® COS, HelLa, Cl127, 3T3,
BHK, HEK293, Bows cells, 30 nel anoma cells and

hemat opoi etic cells as well as plant cells. [0049]

s 103418 HyO I’ nee Gle@h o R M0 dWe 8 niyn 5@ ahbie r8
host cell by the nmethod described in many standard

S¥Ranimantal ranvals such as Daviis et all., BASIC METHODS IN

VL EEOTAE A NG R AT SRy RRUAL. 751 B TS

CAQNTSE:i g IBBERATORYL MBOUALOr \Brier esls ti60l,dCSAd Bpring

r bor 001 eC|f|caIIy cal ci um
RS R A ERd BrE ot 018, SR g AR ediated (2001
wnwgsl@;ela%&déq&tyr,a@al@ﬁl&rplpmo%%la% taR@fection, the

transfection nmediated through cation |ipid,
dreasiesddan sediptass dbacuah, DBAGI-dsriteen, nid sdedniiest ion,

Une $aaiiehian (2 ausidphle o f08tL The wpanst or mant

be “Cul t ur e ontr in condi ti ons dépéndi ng
(ﬁiddurdgqnaﬂﬁbnnharhmsﬁucwamm tyﬂe&lsmﬁcsh&nhmsﬁacanen or

aval | ahl e, ,and sq peci fic exanples of the

(ﬂﬁﬁﬂQH%ﬂﬂs §r€V§§q25ﬁ1oms For exanple, when a 15

troanssfjor mant, «derayed chhemeEse ge%bCGMQt%&eﬁa%y|b%&t@%lllng
um used for culturing

m&@qyik@nﬂldﬁma@d#@@'@ﬁ\@beaﬁYE@a@fnﬁﬁﬁuﬁpéﬁe wipely types
¥ kE‘?‘{éh%%%r &% %re gtar ‘i%%ri So‘é"n%e%o gg%t%%g'ﬁc”%&%%%ﬁes of

and othérs require
uﬂanskmknﬁnbnmawrbeaad&edloﬁmanpme$ ekazfd lehewhanban

ources may .i ncl yde glucose xtrin, soluble_ _starch
%&r’sﬁfs&r@ %)?&Hﬁleéls o™ Ifr'é‘%etrrl&&éﬁ Ssutesd gy as the
HREUde IArgaRIdG Qheoh&@ﬂh%.%%%%tQBQG%ué%QQlﬁé may be a
ammoni um salts, nitrate salts, corn steep |iquor,

paidife mecds@l ®L afe A0 aEX MEdd s, §@yw@aﬁhc§ﬁéboan@ources,
%&%%%%e%%%%%%%%s,E&%%Eg%%lc matters and others required for

the growth of the transformant may be added. Examples of

the carbon sources may include glucose, dextrin, soluble

starch and sucrose. Examples of the nitrogen sources may

include inorganic or organic substances such as ammonium
salts, nitrate salts, corn steep liquor, peptone, casein,
meat extracts, soybean cakes and potato extracts. Examples
of the inorganic salts may include calcium chloride, sodium
dihydrogen phosphate and magnesium chloride. Yeast
extracts, vitamins and growth promoting factors may also be
added. A pH value of the medium is desirably about 5 to 8.
As the suitable medium when the Escherichia cells are

cultured, specifically LB medium containing yeast extract,

trypton and the salt (NaCl) is exemplified. 1In order to

make the promoter work efficiently as needed, an inducer

such as isopropyl l-thiouﬁ—galactoside (IPTG) may be added
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25 of the inorganic salts may include cal ci um

chl oride, sodium dihydrogen phosphate and nagnesi um
chl oride. Yeast extracts, vitam ns and growth
pronoting factors nmay also be added. A pH val ue of
the nediumis desirably about?% to 8. As the suitable
medi um when the Escherichia cells are 30 cul tured,
specifically LB nmedium containing yeast extract,

thypten . anghthetsal hotNalk) Esshexerplikf i edltupingdés
to make the pronoter work efficiently as needed, an
itygicel 1yspemfagmedoptoppbut- ﬂﬁi§0(33gérﬁtxo%bQM¢ 3 to 24

| PTG be added 29 the Wien_th s
ROy i OHEaltoOPCRRPAGY: ooEy bEA Y TBar Fbb REdn g 2y be
@QQ%rﬂa@dtO #B6nf @heabout 3st Ba2411beyr eulaﬁdlnﬁ is
necessary ventilation and stirring na&é per f or ned.

Wyen cefé vhost fiosmBdc bkt eboutuBOuitnd0fe &ox yadveat | § to 24
erformed at _about 30 t about .6 h S
R RBEed AR CrEROFHa LON kAT 1O FPring ags tpg FdySpe

perfreraed. [0051] Wien the transformant derived from

the yeast as the host is cultured, exanples o

e85 t heVBrdr they trensiperagé geB&WﬁHolf'd”@F‘ ﬁ. afﬁﬁnst as
q%%'ﬂ%%@”ﬁsa%u§ Perg'u%k%& H@'nb&gtge5ﬂéagﬁﬁ”kﬂ@refor may

I's pre bl et pH value in the
ﬁa@uum5|a 3@m&hbédemomabomumSmEdlam a@dl eor SRgMmesiium

pi_cal |, rf.Qrmed at. about, 20 ta 35C for
RS nehel O S SR cBegary vent i A6 81 o4Rg hge that the
Rallhg ARy the pediemmed. a[dg%%]edwaan abbet 5 to 8.
ransformant derived fromthe insect cell or the

iOndectriay tise thypdaild yo pletrdioetiedt késebobtai2ledo By°C for
a 2{0 pr.i at el d|n% an dditive such as

T 05 BrEe3iat i et iuation and

@@ﬁ&%qnngaQ pe: pe&QoM@kwre 195, 788(1962) may be
used as the medium It is preferable that the_ pH

VA0S 0 t Weeedhemtranaforseed CoT iaseuE oD T Grpect
ltlu ?%h‘ ré'c"‘l:aI lsy tﬁllf%r fh%rs'feqsatcul%%%td,zlﬁcfs‘ér obtained

out to 5 S, &nd necessary ' '
by approprlately adding an additive such as 10% inactivated

bovine serum to Grace’s Insect Medium (Grace, T. C. C.,
Nature, 195, 788(1962) may be used as the medium. It is
preferable that the pH value in the medium is adjusted to

about 6.2 to 6.4. Culturing is typically performed at

about 27°C for about 3 to 5 days, and if necessary
ventilation and stirring may be performed.

[0053] When the transformant derived from the animal
cell as the host is cultured, a MEM medium, a DMEM medium,
an RPMIl64O medium (The Journal of the American Medical
Association, 199: 519 (1967)) and a 199 medium (Proceeding
of the Society for the Biological Medicine, 73: 1(1950))
cbntaining about 5 to 20% fetal calf serum may be used. It

is preferable that the pH value is adjusted to about 6 to 8.

Culturing is typically performed at about 30 to 40°C for
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ventilation and stirring may be performed. 25 [0053]
When the transformant derived fromthe animal cell as
the host is cultured, a MEM nedium a DVEM nedi um an
RPM 1640 nedi um (The Journal of the American Medica
Associ ation, 199: 519 (1967))3@nd a 199 nedi um
(Proceeding of the Society for the Biol ogical

“Medicine, 73: 1(1950)) 30 containing about 5 to 20%

el aal foSeuumotay, bandsed. nklceslss B ekerabbe ibhatnd
the pH value is adjusted to about 6 to 8. Culturing |
5§ gypngalmey per PeERedTeC -abddt NSESEF AV Poroggentration

%Qp%bzl§stgoggrggyéébrand i f necessary ventilation and

stirrirng may be per med. If necessary, a
doGdit r at iThe pofot€R iof dhuet paldsedt [10%4ltithe produced by

otein of the present inventi.on produce y , 9 the
B PR TaRY BT PLC Zel R0l SE8d atFohededeapyary
by tthe standeid rREMYS ok Rproielimh Rurifiicakion. Ads
di scussed -above, the PCNA of the present invention can
56 S CHIEEIch 8P S n G Nieh € PP rdf heaRire eOd55ventienhegn be
f repl.i han [ P of the 10 present
iﬁ%ﬁiﬂﬁggh%%hgﬁﬁgp%og%%ggq rgﬁlication of the
AroeSEit | RueMetdiod £ooch@dNac treplied tiimnt atinDNRCNS of the

S nthe%ized in., the presence of the PCNA nononer
EEET Y HEVRTiO%eri ¢ conpl ex conposed of the PCNA

nononehs WethdaNAROIDKIE r2$8 4 ch% 1 be Jrethed phekent
synthesizing the DNA may be PCR, a priner extension,
anivieak ionadsl shiaginctand zere 18y khiRds IAofl St synthepdged 1n
ra RINA r r | . - :
e R e
afortpliexp resgnats eidnweénttihen PEA beniome rBNA1t20 DNA polymerase.

L Bl 9D T il 1 BT e DAL 3 e
AR|nff dri)e SDNA cexpaReRtiadlilys, BhdS thHe dydtdesiikablre the

that the PCNA serves as a function of a clanp for DNA
pélnpiresag@nd cDNA by reverse transcriptase.

[0056] A preferable example of the method for DNA
replication of the present invention may be the DNA
amplification by PCR. In the PCR, the DNA replication
using the primers and the template DNA is repeated to
amplify the DNA exponentially. Thus, it is desirable that
the PCNA serves as a function of a clamp for DNA polymerase,
and the PCNA 1s rapidly removed from the template after DNA
polymerase is stabilized on the template or after the
predetermined region is amplified. It is speculated that
the PCNA of the present invention has such properties.
[0057] The PCNA of the present invention is well-
compatible with various DNA polymerases and thus has high
versatility. 1In general, DNA polymerases are excellent in
either one of extendibility and fidelity, and thus has both
advantages and disadvantages. However, by coﬁbining with

the PCNA of the present invention, it is possible to
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and the PCNA is rapidly renoved fromthe tenpl ate

after DNA 25 polynerase is stabilized on the tenplate
or after the predetermned region is anplified. It is
specul ated that the PCNA of the present invention has
such properties. [0057] The PENA of the present
invention is well- conpatible with vari ous DNA

pol ynmerases and thus has high 30 versatility. In

gehamale tDNA paloptEdSds varnd texaad] Iretudimg ehbhénd@ﬂaty
of extendihjility and fidelity, and thus_has both

ddvEnt Iy Péd&\?&ﬁioé’gé’scxc%&an R eoBremtsg with
\Metlihfotrr@ﬁnpgc%eﬁsht&]:@:d@ﬂrﬁ%%moﬂ rﬁi\@xntﬁoq_%e'rtas'es Examples of

possible to 31 enhance the extendi bility w thout
régu iy RcHeeingelsl i chiTHgs aprHe cahder gl ithst mephod for

iG ted reinfarcing.the
I AR Bt iSRedch Myl HBoagge most
[RolRy perlase naftieeh masira@aplusmblae: tpﬂ:déﬁﬁlmteh@d ,f ey oA DNA
%ﬂﬁllcatlon of the present |nvent|on ngy |nclude nost

CRATPEIT o SREARY B d36d at TG (TABPRAELO

Pol BLO
TR SO0 B ers s oee

EN@I‘_C,RNIDNBi @.Odb@eraB@edNeverEmBle Bdlqlmsase PENeWurbo DNA

Eoy R Bt Rka okt VKR BNR Biymerase(Toyshs €5:

tdl.) and Pvo DNA Pellymerase ((Roche Ila@m@&tues» Tnae PCNA

of the present invention is particularly
@%I\IA O PESEGIT dRVERGIRG e PO LYt ;‘?ffﬁﬁ&l@ for

ré%@n@ig%lweu %@{ft'élndl\M1QQt#5e@dd‘ 1GORRIRALLQR Mt l&seful
a-type pol ymerase which 15 is superior in fidelity

itteni nfserd dm icomdX terrdiolnl Wittty o-{tQ@ES DNEN phemertalsed which
f.or DNA replicati,on_of the present, invention, the

PENETBEIHRE ioddre et ediired inG* CREG 1 bard £ -

&@@%B]RFC neeqd Heohhhe cadded b@ﬂ?r@%@%%b%ﬁo%Y%Ee%he Fgesent
FC preparation is commercially available in genera

2ovend igrepabhat PG lkdr sbf pyresendr dewenEden irkquiges no
S, BAPRA Rt B R B OB L3 BUEHLIR, ypeem.
ﬂ& Rﬁﬁr@ﬁ@pﬂratlon is commercially available in general,
and preparation thereof is a burden. Even if the RFC
preparation is available, when 1t 1s added to use, it is
necessary to determine the conditions such as appropriate
amount ratios to various factors other than RFC in the DNA
replication system. The present invention has an advantage
that these need not be considered. Particularly in the use
for PCR, the PCNA of the present invention even without RFC
exerts better promoting activity than the wild type PCNA in
combination with RFC.

[0059] As to the specific conditions for PCR, many
instruction manuals have been already published, and the
conditions in the method of the present invention may be
controlled appropriately with reference to those references.

As the conditions for PCR, for example, the amount of DNA
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amount ratios to various factors other than RFC in the
DNA replication system The present invention has an
advant age 25 that these need not be considered.
Particularly in the use for PCR the PCNA of the
present invention even without2RFC exerts better
pronoting activity than the wild type PCNA in
conmbi nation with RFC. [0059] As to the specific
eolditcranse fror bRCRIdeRNY tha0 ricasitiwat komeMpFuRPCR , have
een al ready published, and the conditions in the
TSRS 355 & Tp FoSe AR A ERt iSO UkdPhe CORBRIESLEe@L the
HRRICRRINA LR Y) tWohi) Eﬁfﬁhe%%% bRalRe%e EhekERECSNnd Bhe
the conditions for PCR, for exanple, the anount of DNA
3POUBGI Prietase tegrietadpeod ynuisd engdcei G bemaddedPERe

e+ J-8Rerature of the reaction solution, conponents
of the reaction solution, pHin the reaction solution
afdeioie amdouReagknth&itenpl ate pol ynucl eotide to be
added _are 5 controlled. [0060] 3. Reagent kit The
r eagert'SkFEAGPEnELEr 8Se e RFERENEN 1NESRtLORgARL @ KPagent
ok BYA DRAl kedlieRt§BRPLLRLRG siRE #har eFeRkieRed cRENArcrA
of the present invention and if nécessary anot her ‘
Péafbrt presenthénpPeNaioh ehd prfesesesisavgnehotheanrbegents.

St 3P0, B3t B RUDL I OMREL BT DETEPOTEL -

aonenmepsimastopempagesedgefheohohbierr aageBs ther mNAimeric
replication. The reagent kit of the present invention
FOMBAPE; CAMRPE§Ys Bt ABPe™QEOMRESy ed§eRPC15NRIEIEERLPER the

besaunest ke rPENA 18aRA8RENt THAYVERLLEARL CRE d
par?icufarl§ suitg%FgB?ﬁE%%%. [88%1FQ%H2HEC%%ti§%tE§8
pEggent knveptiprhelprpsehicuilpvéyt sontabyebesahpef opayent

BAE0 55, BoRUERLHRSGPE R Hiynnar, SRR BGRERbe sprencion can
bacodedgptbeipudtelny bastbeen tacecrorated, and a

{3856 or maqE T nowhi ¢h this recombinant pol ynucl eot de
invention may be any form such as a purified protein, a
recombinant polynucleotide in which the polynucleotide
encoding the protein has been incorporated, and a
transformant in which this recombinant polynucleotide has
been introduced. The preferable forms of the recombinant
polynucleotide and the transformant are as described above.
The PCNA of the present invention may be combined with
another PCNA. When the PCNA of the present invention is
provided in the form of the recombinant DNA or the
transformant, the kit may comprise reagents used for
expressing the PCNA of the present invention. If necessary,
the reagent kit containing the PCNA of the present

invention may also contain other components and media which

are generally used as biotechnology reagents.

EXAMPLES
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been introduced. The preferable forns of the

reconbi nant pol ynucl eotide and the transformant are

as descri bed above. The PCNA of the present invention

may be conbined with 25 anot her PCNA. Wen the PCNA of

the present invention is provfded in the formof the

reconbi nant DNA or the transformant, the kit may

conpri se reagents used for expressing the PCNA of the

ﬂﬁﬁﬁﬁﬂt_inﬂmf?k?ﬁﬁﬁ?ﬁ}ﬁﬁﬁ&&ﬁﬁkmswﬂuggbkE@@%@&i@dd in more

contai.ni ng_the of the present 30 Invention nay

éf éléoNFgﬁnI@Fﬁéﬁﬁ@ﬁhﬁﬁhéﬁ%%1%9%}Qﬂam9aEWﬁm@ﬁeSar@ut the
calt] Yrvehd 3% Bisoheehnakaek 4 GA0eN e RXANBLES 334 ;

'l be e

0062] The present invention w escri N nore

déOLH3] wi t B -r Ereperes ioo ife Pifol-PENEANgnEX &Il s othiins

t he r nt,hAvention is not. limted tq these Exanple

at al P OLOGEHE TUTBPEoRPSLraR OF SPRAABORR A0 RECREC

protreiins prepalhiiBENAcTe! pheppireteby RxeRaLaLENNtABde genes
n RFC protein preparation were prepared b

3%p#8§§ﬁn§mpﬁg§é g8néS e Uckige cardunre pﬁﬁifying the
Ei%m%ﬁh%hE@pﬁokhoégdpE%Eb&ﬁnggEQ%siBEOEEEQ?BEéE?ETI}S.

t hose protein-expressing mcrobial cells.
AG§EHSI ti oA -3f Acqrébiialiocveblfs mandoblapr epaiat aad of

' 1.1:. Acquisition of Pfu mcrobial cells
gggggkéﬁgggt%gngéngégn@ c DNA Pyrococcusfuriosus

DSIBG38Astiuakhtwen olft afneditrepiaPevbscheaSanpkepdration
vgn M kr oogani snmen and Zel kul uren GrbH 15 (Engli sh
RanE8ened i faRNeol | ection of M croorgani sms and Cel

Br aunCERRE g R RRRY o RO BABRSE LE AT, Gakained from

celitserd gemaldhgovba MhRroBBEARYMERSGHEPEE1 kD1LPEN GmbH
reference (Uenori et al., Nucl. Acids Res. 21:

25992680 (1998) ) GemBant CeliegtapnnpEr ¥braporgapékng and Cell
vaLeusilal dedsE00 0L koL of, T U 0B EChucss,
peemeny 1pM The DSM3638 strain was cultured according to the
method described in the reference (Uemori et al., Nucl.
Acids Res. 21: 259-265 (1993)). About 1.2 g of microbial
cells were obtained from 500 ml of cultured medium. These
were suspended in 10 mL of buffer (10 mM Tris-Cl pHB.0, 1mM

EDTA, 100 mM NaCl), and 1 mL of 10% SDS was added. After
stirring, 50 pL of proteinase K {20 mg/mL) was added and
the mixture was left stand at 55°C for 60 minutes.
Subsequently, the reaction solution was extracted

sequentially with phenol, phenol/chloroform and chloroform,

and then ethanol was added to insolubilize DNA. The

collected DNA was dissolved in 1 mL of TE solution (10 mL

of Tris-Cl, pH 8.0, 1 mM EDTA), and 0.75 mg of RNase A was

added to react at 37°C for 60 minutes. Subsequently, the

reaction solution was extracted again sequentially with

phencl, phenol/chloroform and chloroform, and subsequently
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EDTA, 100 mM NaCl ), and 1 nL of 10% SDS was added.
After stirring, 50 gL of proteinase K (20 ng/nL) was
added and the mixture was |eft stand at 55C for 60

m nutes. 25 Subsequently, the reaction solution was
extracted sequentially with phenol, phenol/chl orof orm
and chloroform and then ethanol was added to

i nsol ubilize DNA. The «collected DNA was dissolved in

Etifanefl 1»Irla'xsstaldlalreidomo( iectofthbriogaC , pH 8.0, 1 nM

EDT%% and _0.75 of RNase A was 30 added to react at
dr 60 Imi 2nupé§n19@b§§qﬁ§ﬁﬁlﬁenﬁhe reaction

sol ut in0 ARPCRAL LRGLEH 208 SeQeRL ahLY Wt Nrrc.
phenol , phenol/c?%brofngIgﬁg chl org#%rﬁllgﬁdn ¢
@db@@q&@mtE@stlt@tm&ﬁ@kewag addédiet bacel segtienkce DNA.

gg%ﬁ?ﬁ@%lgy cBoﬁhﬁgB%L| %e§§ ,},ﬁadcgg pﬁs%%red in

me@&raamabb@etheTh@sde$aquem@@r%ownmquuabeoaeéarQbEQSQelow.
and 2) registered in NCBI database.

'fﬁQ%détalllt@eﬁeofoﬁ PEiB&€Tdescri bed bel ow. [0066]

1.2, 1prCchl @fe':anaf wﬁﬂﬂémﬁ @nde%uuBQHAfBers used

for the anplification of the pfu-PCNA gene ese
gegdeddestara OfOtdespgnedcﬂa tkae.a Fegsensequences are
ornes% ndlng % t he re%ion extendigg fr§n1gﬁ .
ARPEPEPCoR e S88h RetROORPnECEE R OPEFRPnEPi 5RSc 588 Ps
agpentied #@ndmnf aht heAtiheisht esdonesednidatdnby tbhe
restriction enzynmes Ndel and Xhol are added at a 5'
$PgRiNTfd O8e §REREe 16f 2BREALHPAMBAONAS TEREWN LS BAtes
Falbenl LLEQ,| PrCS-3 andc4bn HOORLL FabIeohaPRLER Sre
for anplification of gene name Priner
gdqednes B' S=>31id8EQ EDe N@quEhaePGNAeEChapramgrcWas shown

tttTg%? a&c gga &b ﬁOSPgu R ctc gag tca ctc ttc

[0067]

Table 1 Primers for amplification of PCNA gene

Primer name Primer sequence 5'==>3' SEQ ID

NG
Pfu-PCNA-F cat atg cca ttt gaa atc gta tt 3
Pfu-PCNA-R ctc gag tca cte tic aac tot 4
[0068] 1.2.2: Template DNA

As the template for the PCR, the Pfu genomic DNA
prepared in the aforementioned 1.1.1 was used.
[0069] 1.2.3: Composition of PCR reaction solution

The PCR reaction sclution has the following
composition (amounts to be added to 50 pL of the reaction
soiution).

Template DNA: 100 ng,

Primers: each 10 pmol,
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20 [0068] 1.2.2: Tenplate DNA As the tenplate for the
PCR, the Pfu genom c DNA prepared in the
aforenentioned 1.1.1 was used. [0069] 1.2.3:
Composition of PCR reaction solution The PCR reaction
sol ution has the followi ng 253€onposition (amunts to
be added to 50 L of the reaction solution). Tenplate
DNA: 100 ng, Priners: each 10 pnol, 35 dNTP. each 10
nnmol , dBCPEagachl. 126 nidcdnd 10 x Ex Taq buffer: 5 L were
m xed, and steriljzed water was added thereto up to 5
the tdtfalla®iurte 2 BES (*supplied from TAKARA Bl O

I NC. ) {[PQ7 QY ]I‘a%j %’ufff?ffang? conditions for PCR The

PCR reacti on was per y using the reaction

s@ing iminkeer, e pade & dat ilhie caf e tiagn edideidoce@tee cang to
a PCR 10 apparatus and using a programrepeating 30
&g doterl med ureadfi &9 a-95C for 30 seconds --> 55C

f - C{ m nute. [0071] 1.2.5:
53{%.%%&}%%8%‘%% Ségﬂééog&g)tr I%q:e(;‘)PCR product obtai ned

i[O af orlezedt.i;ome ckl oo eeeddrd ongs rfeubjpest ed to 1%
agarose gel el ectrqophoresis, and stained with .

et hi di'dhf BI-GTEE Ct3hs #GFe MATY CXTGE) bYf PagRenthe reaction
GLAING 2Rl arownd %Q%r%&éﬂ%%oh%Hp%E%c%@ &l and a PCR

ultraviolet Tight irradiation, and the product |
wippargsiust paghmestingas punoigiriasd repiead 1GEX 3PCRyDNAsand the
Gel Band 20 Plél;i fication kit (Amersham Bj oscience)
FECGTdPRg 30 oPt'S THENPPuPEEPBAS mantal . SPGo7ART B8O sepeonds -

Subcl-gein f roduct The purified PCR product was
Proareat Eop LRI TanEhatY: |

(0071} 1.2.5: Purification of PCR product

The PCR product obtained in the aforementioned
procedure was subjected to 1% agarose gel electrophoresis,
and stained with ethidium bromide. Subsequently a gel
fragment containing a band around 800 bp was cut out under
ultraviolet light irradiation, and the PCR product in the
gel fragment was purified using GFX PCR DNA and Gel Band
Purification kit (Amersham Bioscience) according to its
manipulation manual.
[0072] 1.2.6: Subcloning of PCR product

The purified PCR product was ligated to pUCl18-
HincII/BAP using TaKaRa BKL kit (TAKARA BIO INC.) according
to the manipulation manual. Escherichia coli DH50 (TAKARA
BIO INC.) was transformed with this ligated PCR product,
which was then seeded on an LB agar plate (containing 100
ug/mL of ampicillin, 40 pug/mL of IPTG, and 40 pg/mL of X-
GAL),and cultured by leaving stand at 37°C overnight to

yield an Escherichia coli clone having the PCR product.

[0073] An Escherichia coli colony exhibiting white color

on the agar plate was cultured in 3 mL of an LB liquid
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Hi ncl |/ BAP usi ng TaKaRa BKL kit (TAKARA BI O INC. )
according 25 to the mani pul ati on manual . Escherichia
coli DH5a (TAKARA BIO INC.) was transforned with this
i gated PCR product, which was then seeded on an LB
agar plate (containing 100 g@&?ni of anpicillin, 40
g/mL of IPTG and 40 g/nL of X- GAL), and cul tured by
| eaving stand at 37C overnight to 30 yield an

ERehen qhichteahing ane RAvidd ofhenBERiANAGYCEHL 3[7@@73]
An Escherichia coli colony exhibiting white col or
tqﬁfeerawg@rhtplwaxtén was kdma ureed ithed @l pdfasad d BN q:msdp's@pared

s glh(“(% WAL A0 G of grpicil i) at 37C

RAS |ng, an n-'a plasm d DNA was

progpared  dceardi Wenifd ridae ishardase guehkted by @@ﬁﬁ]encnlg
1.2.7. Confirmation of sequence by sequenc

Conce PG RS IafEie AENLCHREET 1 FnEShPd 25RA F%@ DigRe DNA
SRR iRSerked ipkd the &%%%%'ﬂth% glike Qf the

estriction enzynme Hincll in thé plasmd vector pUC118
WS t rdycdrtiome ¢ nayimeg HAnoNA  saqdréuec 2 sad da vieesoirt pUCEL18 was

g%%mﬁ fbgq%% éh%hAFg%q%% readlng frame %f the

gene VRS FeCRINeq.  t he®r Bstrretiron &ndd

Mmmflme@@gmm@momhese@mmmeeawaagaﬁﬁedet@fth@eSPfan@candgene
the restriction enzyne Xhqgl recognition_sequence was

aGedetrdngd e &elﬁeﬁﬁélcﬁﬁ§€rﬁééyﬁgrﬁﬁ§ﬁ repPrgnition

%b%%@h@ev%ggoﬁdﬁﬁw R the @pe@ndrﬁﬁg'Q%éf&@@%rQEtEB% enzyme
pf u- PCNA gene was designated as 15 pUC PPC. [0

¥hgl peepanatiion @EQP@NAeeWpﬁe§§d@d phasﬁ1denmhen the

I P I d
Bﬁ%%%ggd%ﬁg#@ %8 *Xho to prep: V%gcgéﬁAha%ﬁégrk%E'%%en

&@a@ﬂagtfrahe g€nehler pFMEPCNAASchaS RbkedeisibBat@d2@s
expression vector to produce the expression vector of
[0076] 1.3.1: Preparation of PCNA DNA

flioagmgnt  1he:plbagiad -RYShPBE vemadeuplkksclieaysd ik h

The plasmid pUC/PPC was doubly cleaved with
restriction enzymes NdeI and Xhol to prepare a PCNA gene
fragment. The gene fragment was inserted into an
expression vector to produce the expression vector of Pfu-
PCNA.
[0076] 1.3.1: Preparation of PCNA DNA fragment

The plasmid pUC/PPC was doubly cleaved with
restriction enzymes Ndel and Xhol in the following reaction
system.

[0077]
Plasmid DNA: 5 ug
10 x Restriction enzyme buffer: 5 ulL
Restriction enzyme Ndel: 5 units

Restriction enzyme Xhol: 5 units

[0078] Sterile water was added to the aforementioned

mixture up to the total volume of 50 plL, and the plasmid
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restriction enzynes Ndel and Xhol in the follow ng

reaction 25 system [0077] Plasmd DNA: 5 g 10 x
Restriction enzynme buffer: 5 gL Restriction enzyne

Ndel: 5 units 30 Restriction enzyne Xhol: 5 units

[0078] Sterile water was adde8@l7to the aforenenti oned

m xture up to the total volune of 50 L, and the

plasmid 37 DNA was cleaved with the restriction

YIRS, Ay 34 d U1 630 ol NULES.; After e%%g)?r[ eling 4BE £or 30
reaction, the reaction product Was run n?f%)agarose ‘
gelnualeact r ouherne sicp /A thard tHeareuwud ialqutt B0G d2R): 1 on
correspondi ng to the Pfu-PCNA gene 5 was cut out and

e A FHhGfert® RIS EARS GSdd Fhesthaamdorgdisysi Ay Pand
GRtJoed N ANG deel Band RWIHdBHPLR Kidhe PHERIFERAMgene

Bi osci ence) according to its manipul ati on nmanual .

[WGE7 Futl A2 angEBhEl & Bp Maks ifom gmecttowak \reotidii efNArom the

BB e S S L AR

reaeinstam [FAQSHi erfdeds ot AN t@ 13 X nBeSigulettion manual.
eRﬁ%@ﬁ buffer; 5 pL _ 15 Restriction enzyne Ndel: 5
u Restlrictd ‘oA e BRGISS 55 ainiteS g081] Steril e

“ﬁterPW@%C%QQ@QE@PFﬁﬁe2%%OW@%@%@e%ﬂe%s)mWé%uH%u tgagleaved

the total volunme of 50 L, which™was then left s

atl t37 € hieo ez tiydnts. onAfeneryesnpldetll mgat o0 hyeddiel dollowing
&%%c&%%ption product was run on 1% agarose ge
electroﬁﬁoresis. A band (around about 5.4 kb)

doomsegponding to the straight formof the vector DNA

pET- 2la was cut out and the pET-2la DNA fragnment was
puri f iFdgsmid DNA: 2 ug

10 x Restriction enzyme buffer: 5 uL
Restriction enzyme NdeI: 5 units
Restriction enzyme XhoI: 5 units

[0081] Sterile water was added to the aforementioned
mixture up to the total volume of 50 uL, which was then

left stand at 37°C for 2 hours. After completing the
reaction, the reaction product was run on 1% agarose gel
electrophoresis. A band (around about 5.4 kb)
corresponding to the straight form of the vector DNA pET-
2la was cut out and the pET-2la DNA fragment was purified
from the gel using GFX PCR DNA énd Gel Band Purification
kit (Amersham Bioscience) according to its manipulation
manual.
[0082] 1.3.3: Ligation reaction and transformation

The Pfu-PCNA DNA fragment (100 ng } and the pET-2la
DNA fragment (50 ng) obtained in the aforementioned
procedure were reacted using DNA Ligation Kit V2 (TAKARA
BIO INC.) as follows.
[0083] PCNA DNA fragment: 100 ng
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fromthe gel using GFX PCR DNA and Cel Band
Purification 25 kit (Amersham Bi osci ence) according to
its mani pulation nanual. [0082] 1.3.3: Ligation
reaction and transformati on The Pfu-PCNA DNA fragnent
(100 ng ) and the pET-21a DNB8fragnent (50 ng)
obtained in the aforenenti oned 30 procedure were
reacted using DNA Ligation Kit V2 (TAKARA BIO INC.)
as fo#gwmyla[Q@%ﬁkrPgN@n@NAgbr%%went 100 ng 38
pET-21a DNA fragnent: 50 ng DNALigation Kit V2 enzyne
sol ut it IG5 gatSter Kie wat ehzwas addedios:t Bepl

af orenentigned m xture wup to the total volune of 10

L, whide %ke tR&E T ¥act 8d0gC B ThHE PSOTSTeRTAGNES. mixture
90941 3000y Enahigr) e aoeahi (£ Goll Bh2k CEEDoa o

Was trans orne fon pro
(3. £oFhgpsql HLLQR of transforned E. CO|I was seeded
on the LB agar plate (100 g/nL anmpicillin) and | eft
qtoasd it o culotoupe ¢ alscReTiangEnicgliti. (Ehr e@1dol snees (DE3)
in E. coli colonies forned on the agar plate were
diilormaged ) Wikl §Hah5ﬁgrmﬁd3wnmh @hlﬁhél@ltupqudedE@tuﬁﬁuL)

10 |1 37C
ot SR rﬁ&ﬁﬁf@%& B rodds adks sHEeR Bkpg 1o
@%%EO atle5 h@@Sgb/ﬁL3a 1@9@&&553%hﬁnl%&tsggﬁﬁﬁcggﬁﬁulture

séquenci ng Concerning t he af or ement | oned plasm d

tafte 30NB osegHegee. | nBeré€dcdbNohhespiashl deyegt @6lonies
pET 2la and the sequence in the vicinity of the

ifeserece @rsithe weRE Méﬁlené@muﬁurk}utrﬁél PlAhs sfakpagr in 3 mL

resuyl readln
EAECOLHEERERAI T A e o DR A SRRERS
%%d3¥h@|o§ékﬁ§?ﬂﬁ'c nde epfygﬁiﬁlﬁﬁhn9a§dﬁféparg@'§ccord1ng
plasm d retaining t u- PCNA gene was eS|gnate as
pePENANCEIrG mékhods.
[0085] 1.3.4: Confirmation of sequence by sequencing
Concerning the aforementioned plasmid DNA, the DNA

sequence inserted in the plasmid vector pET-2la and the

sequence in the vicinity of the inserted site were examined

Vusing the DNA sequencer. As a result, the ORF (open

reading frame) of the Pfu-PCNA gene was completely inserted
between NdeI and XhoI sites which were multicloning sites.
This plasmid retaining the Pfu-PCNA gene was designated as
pPPCNA (FIG. 4).
[G086] As shown in FIG. 4, it was confirmed that a T7
promoter and rbs (ribosome binding site) which pET-2la had,
the PCNA gene ORF (open reading frame) and a T7 terminator
were aligned in this order in pPPCHNA. It was expected that
this plasmid would express the PCNA gene in a large amount.
[0087] 1.4: Introduction of mutation into PCHA gene

For the purpose of producing the PCNA having a higher
function, the amino acid in Pfu-PCNA was substituted. The

amino acid was substituted by substituting the base in the



[0086] As shown in FIG 4, it was confirned that a T7
25 pronoter and rbs (ribosone binding site) which
pPpET-21a had, the PCNA gene ORF (open readi ng frane)
and a T7 terminator were aligned in this order in
PPPCNA. It was expected that 3Phis plasm d woul d
express the PCNA gene in a large anount. [0087] 1.4:
I ntroduction of rmutation into PCNA gene 30 For the

prorcros erafodimed wdiatg sl cP@WA dhavinkg agificgReid mutation was
functlon the amno acid in Pfu-PCNA was substit ut ed.

G55 AP RadUS@FOn e Byrosmb i Tgkileg 2t-he
baggdn the 39 codon encoding that amno acid. An
am no aC|d nmutati on was introduced into a nutation
@&kd%ﬁommut@t'ﬁam eiZze [IGOENA Table 2 Mutation site
in PCNA Mt ang Muta Pft—PENAD

L ot
IVuL IUII T = IVAII7\IL

|v|73°ﬂ "tﬁ’l%A Pf u- PONREZ PR SRdsC

Pf u- PCNA10

Pf u- PCNA13 M/BeARPIASR 0 P u- POUNALG, MF3L+R8ZCFDI43R
Pf u- PCNA70 Mri3L+D143K Pf u-P 71 _Mr3L+D143H

Pf u- PCNA72 WSH’_ﬁlRimlw u- PCRABLHIAZBAD147R

—4-2.0

Pf u- PCNA78 M7;3t A ft r«iﬁggi—ﬁﬁﬁngieeﬁkﬁﬁ [ 0089]
1.4.1: Int rodﬁ%ﬁ;on 0 12sjubstl utio tation The

mut ati on was |[i pf-optuze3 | nt o [tMyeT1RCYA 3gene by
utilizing theplasm d to be I pai r for

mutated,_an oligo
10 nutation i n]ﬁflb‘d]i@ﬁ]ofﬁ (SE(QW@IN@@ZS?“‘P@@B in Tabl e

3) and Qui ck—ar Srtes M73!i’&4_btﬁ'_t43lkut agenesi s Kit
(Stratagene) | according to ifs manipulati on nmanual .
Pfu-PCNAT1 M73L+D143H
Pfu-PCNA72 M731L+R10%E
Pfu-PCNA77 M73L+D147R
Pfu-PCNA78 M73L+E139A
Pfu-PCNA79 M73L+E139R
[0089] 1.4.1: Introduction of substitution mutation

The mutation was introduced intoc the PCNA gene by
utilizing the plasmid to be mutated, an oligo pair for
‘mutation introduction (SEQ ID NOS:5 to 12 in Table 3) and
Quick Change II Site-Directed Mutagenesis Kit (Stratagene)

according to its manipulation manual.
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the DNA sequence

After introducing the mutation,

was checked by sequencing to confirm that the mutation had

[0091]

5
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Ol- awalF CF7dQCl UQU4VQF Fes- FFF

U Fr' Crt7UwQhaF "QFFFUHQUFU Ca'}

4 C'.1FCF7T OCCOUOURMETUaUQUBUQU vV
CPUQ xga<aQF- fr F-4 ¢slsdHUOFTIr QuU
QUoaOr Ot- OHO mUuU~UUVv (U7 COor CU.7d
6J2rQi HtGOAuEeEF T nE7 all 6852cWive Sikk MhHLnbYnktabhibh

It LL CLL E LLCGILt LCd LL EWy 11 t I I I |
pther fhan| the| opliegtivg ung wasypyegeptrl WhR NesignMior

<

Mo=Ysn N : = i, ., .
Waldn e tiaNnl M\ﬁ%i%w_éeggﬁ%&e%ﬂﬁg8%~ 0000 0~
0608212 0~104LW.W: PEd-PCNAOL :5 CL MIL F a [0091]

After _intraoducing the nutation, the DNA sequence 5

s CRECREALDY ShqtBRCr RGOS CaRt Eom PRATCENE TiPACPaRent
Rdudbntbesn ikALr gduaedihgt fadnpebhecti¥etsiit ewdd BAe
nmutation other than the objective one was present.

Theugesdi §Rur§LNAcAshPRENATRDL ant thiel kepemBésentbpgotein

l: Qw. . 1.4.1. 1. 3 5 A I h
AR, Rttt bt SR “RoRuabaiof) "ot ha°
baligdweigpltascheensr apactadt whenrthelanabuar &lrom Met,

Pfu-gCNA i S_prepared, as tg econbi pant protein, using

B8 ERDFFoRER TB4T Oho SPAUhAL: KOPnvadl LhenT: GoFREntS
Qé@ghﬁéhngQbﬁ'Eh@STQrﬁe§EEEdQE &%a5§bahbea B%OH]E?broduct.
10 anot her protein of about 20 kDa with the N term nus

It is also reported that when Met at position 73 1is
substituted with Leu using the gene engineering technique,
the production of this protein of about 20 kDa is inhibited.
It has been further reported that the Pfu-PCNA produced in
this way has the nature indistinguishable from the nature

of the wild type PCNA protein. Based on these facts, the

- mutant Pfu M73L is addressed as a quasi-wild type in the

present specification.

[00593] This mutant Pfu M73L was designated as Pfu-PCNAO1,

~and this mutant was produced. Pfu-PCNAOl was produced

using pPPCNA as a template plasmid and the oligo pair for
introducing the mutation (Pfu M73L-F and Pfu M73L-R).
[0094] 1.4.1.2: Pfu-PCNALO

Pfu-PCNA10 is a mutant obtained by a single residue
substitution by substituting the amino acid D at position
143 with A in Pfu-PCNAO1l, and its structure and nature have
been reported by Matsumivya (Non-patent Document 9}.
According to the report, aspartic acid at position 143 is
located on the interface when the Pfu-PCNA forms the
homotrimer and is a part of the amino aclid residues
involved in trimer formation. It is further reported that,

when this aspartic acid at position 143 is substituted with
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begi nning fromthe 73rd residue is produced as a
byproduct. It is also reported that when Met at

position 73 is substituted with Leu using the gene

engi neering technique, the production of this protein

of about 20 kDa is inhibited.425 It has been further
reported that the Pfu-PCNA produced in this way has

the nature indistinguishable fromthe nature of the
wi1la6hitene tRENA rRreb-eirR rnBased QR theseitast putt B&@imulation
nutant Pfu M73L i s addressed as a quasi-wi I d type in
lﬁéelrfr doeihes p@| piodymiegase2@dqtdgasy Ihi &eplitant Pfu

\Eghates SRR T FWAL a0l ISt o o1

arnide 34t eapl demiidnaned he @fiug@CHall,f ahd pmbdndedinglng
the nut ation &Pfu M7 3L.- F and Pf.u NVSL R) . E%ﬁ

the Fiy-PENROPCRAPGUSE NSt BIBENATD oFs themie aaist anflegligos
DA RIng-e Led G4 pDIUBALIRL YWHron nRY-cguks higt %bﬂ &uta%lon
amno acid D at position 143 with Ain Pfu-P
di@9als st Audt-dr-e :afdurdCifd 2have been reported by

Mat su a pat_e t cord
repor?k%agga Hzc%%c%g D%%gggﬁtPonafE§8 %§3%%I002P§2%0n
trhee didutee shdee iwhen onh & yPlubRENA ufrangs thiee amhunsobk:unle iR at
and is a %%an the am no gcid resi dues |nvolve

|

PrSH Fo Crt ASPEAEREr TrepotEa YRat'] Onwﬁé‘ﬁent

RIS nRsRanyi c jac 'h@ s2b RS ikt t 243 thetS HQ%tlhtl%e detWobBition
42 alanlne the trimer formation i s inhibited but

82 gl dvicemedi Pselthet é nitive TORA polepnshgs @ facECWAL foirgis the

kept . 5] This PCNA mutant havi ng doubl e nutations
SPRBERRE

and M73L was desi gnated as Pfu-PCNA1O, and
gooddded ugihng 5CNREthuﬂECNA@1ﬂ@rmﬁucubgbnbammtdtaSns of

the tenpl ate_and oljiggs Pfu D 43A-F_and_Pfu % §
FOPG Ao BIcing thERaCRETeR. 25 B49FCIRA2y 3ad Broduced

Rl nBCNALZ pRELUPRGINAY 2 HirS dhulke ndu ARk me Bl BisN@BebY i@ ate and
singl’e residue substitution By substituting the am no
adiigoR &fu RB2C-F and Pfu RB2C-R for introducing the
mutation.
[0098] 1.4.1.4: Pfu-PCNA13

Pfu-PCNA 13, aiming at examining how intentional
inhibition of PCNA trimer formability would affect on DNA
replication, was prepared by substituting the residue at
position 143 with arginine (basic amino acid), whereby the
electric nature thereof became completely different from
aspartic acid {acidic amino acid) in the guasi-wild type
(Pfu-PCNAOLl) and alanine (neutral amino acid } in Pfu-
PCNA1Q. Specifically, the mutant Pfu-PCNAl3 was produced
using the Pfu-PCNAOl-producing plasmid as the template and
oligos Pfu D143R-F and Pfu D143R-R for introducing the
mutation.
[0099] 1.4.1.5: Pfu-PCNAlG

This mutant was produced aiming at examining the

effect of substituting two amino acid residues that
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- Bybantt HeSnETeAY CER H@ gepgtiey
‘§@¥9t9595§4§ehﬁkhp@ ki pe SQSEE'QEE 805?38 On’Evbnethough

10 position 82 with C. According to Matsum ya

(Non- patent Docunent 9), it has been reported that
arginine at position 82 is located on the interface
when the pfu-PCNA fornms the honotrinmer. [0097] This
PCNA nut ant havi ng the doubl e43rutations of 15 R382C
and M73L was designated as Pfu-PCNA12, and produced
usi ng the Pfu-PCNAO1-producing plasmd as the tenplate

S a8l G 32€ - i nt
BRLnaBALORR.E b BRECHE 04, BOH PEELE it ERUHRLTG
13§-ainrggnaneenanpnsmg1how82naedtEepaktibnhbbdtabnposltion

T CSpRRA L ORTER, bt ARt baRRIE Pae pecruged

a@1n903hbl@muL@aNanhpabgu&uﬁg phasingdagkN@hactdpplate and
y the _electric nature thereof became completely

reb
Qﬁﬂﬁéﬁeﬁ?uLPéﬁﬁﬁsFa§B§rPﬁéwﬁéﬁaRtgcf@FclaﬁFﬁéuﬁéPE)thﬁ
the 2gyasi -wi I d type (Pfu-PCNAO1) and al anine (neutra

amno acid ) in Pfu- PCNA1O. Specifically, the nutant

POJOPCNAL3 1wds 1pbedBced PCHAi’Ag t he

u- PCNAO duci d
o1 1 gofopr hhB B9t Reprihiad Spbrerh PRk PR udePRg g o
Sﬁeﬂum&hb0@c1Bo@ﬂﬂkoauée& 5ntBf UhPCHAE6+TBhs 188t aBhis
was produced aim ng at exan1n|ngathe ef fect of

besthRapmaBe préBaly

rginine at p03|t|o 82 and aspartic ac at positio
b48h Bpéohgitaltye theegutanbbeasPﬁhmmEnmaacpdoduced
asm d as the teﬂ'glatepK
R

IRty bPiP ot aa R BaicrrleiaagR. AtphAtnt
vatuedugi ng. ubewnautatki Batyl0ARRAbnLuA. §r6upPhd- PENAZOde

For the purpose of conparing activities dependi ng on
chain of lysine has a pKg value of 10.54. Thus Iysine is
less basic. The expression plasmid was produced using the
Pfu-PCNAOl-producing plasmid as the template and oligos
Pfu D143K-F and Pfu D143K-R for introducing the mutation.
[0101] 1.4.1.7: Pfu-PCNA7TL

For the purpcse of comparing activities depending on
the amino acid introduced into the position 143, this
mutant was prbduced by substituting the amino acid at
position 143 with histidine (basic amino acid). The side
chain of histidine has the pKy value of 6.0 and is
dissociated at physiological pH. At pH 6.0, 50% of
imidazole group in histidine is charged and the remaining
50% is not charged. Thus, histidine becomes neutral at
higher pH in the range of physiological pH. Therefore, it
was anticipated that the amino acid to be introduced would
exert a different nature from that of arginine and lysine.
The expression plasmid was produced using the Pfu-PCNAJIl-
producing plasmid as the template and oligos Pfu D143H-F
and Pfu D143H-R for introducing the mutatiocn.
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the amno acid introduced into the position 143, this
10 mutant was produced by substituting the am no acid
at position 143 with lysine (basic amno acid). Even
t hough both belong to the category of basic am no
acid, guanidiniumgroup in té&é side chain of arginine
has a pKR value of 12.48 whereas butyl ammoni um group
in the side 15 chain of Iysine has a pKR val ue of
1®1%%] Thug leysime irudes@7asic. The expression
pl asm d was produced using the Pfu-PCNAO1-producin
pl asnildrcaguxtivertt émsl @ davg colbyg 63 SILFUDIATKWE tang lutamic
Pf tr ti
P R Bt S0 ort, RSB M i ane gotd ) 2
ml\uudreiaﬁepmﬁjdhg ien oriche fammimcaciad dsntiicaditeed on the
tign 143, this nutant was produced

' g t 3%&%% “ER dermsodihg @ﬁ“f$§l\metrh%¥’d

mdﬂdr$e%ﬁl&b%ﬂé3ﬁ¥ﬁME% QirtlatibRe SHIR SBAiIdyQfon plasmid
hi stidine has the pKR value of 6.0 and is 25

ma@@@qﬁtﬂ@@datuq@mgsutdﬂeo@f@ﬁcrblmlkprml@l@g B0%spfd as the
e

ot Dt P T a2 il AR MR Eebies

rienn:trroailucﬁmg hibgherutpi iiom .t he range of phyS| ol og| cal
erefare, s anticipated that the amno acid

p[glkf))g]l nt r@é&’cgEWﬁad 30 exert a different nature
from fripat n@ftaﬁ‘ftg'ﬁsn%r@aﬁclelﬂs'b@e subERe tXRIRSHi@M arginine
pl asm d was produced using the Pfu-PCNAOl1- producing

plasicd ags nché@ alehplodt @ s@ad télc gos IPfla chEdzHamingnacid )} at

| ? Z%d ? i&é%""&fﬁ 7f’ gé’w 51 (éu %Inrég O%h T taﬂlt:_'n n. acgﬂib [l%:[:%%]ed on

e mit ant ‘was pro
Sl ti inttietrifar envviierg thtea A fa - P@NAdf@&msdltmeamOmtacdmé)r and
of ar.gi nj ne asic .am nao acid Tp03| tion 1Q9,

B el e SOE RIS A dCAEA LR ed TBF £ TS SSHCRr PAeaTLd
whan ool RNAS OIS Hrfle ool iRkt 4R as the

int trimer formati on. The expression plasmd
pesipdeded @sicn @ lilve sPRFUPOAGR—pr addc iPdg pll4SR-& é@rt he

introducing the mutation.
[0104] 1.4.1.10: Pfu-PCNA7S8

The mutant was produced by substitution with alanine
{neutral amino acid)} of glutamic acid (acidic amino acid )
at position 139, which is one of the amino acids located 6n
the interface when the Pfu-PCNA forms the homotrimer and
invelved in the trimer formation. The expression plasmid
was produced using the Pfu-PCNAOl-producing plasmid as the
template and oligos Pfu E139A-F and Pfu E139A-R for
introducing the mutation.
[0105] 1.4.1.11: Pfu-PCNA79

The mutant was produced by substitution with arginine
(basic amino acid) of glutamic acid (acidic amino acid ) at
position 139, which is one of the amino acids located on
the interface when the Pfu-PCNA forms the homotrimer and

involved in the trimer formation. The expression plasmid
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tenpl ate and oligos Pfu RI09E-F and Pfu RL09E-R for
introducing the nutation. 10 [0103] Pfu-PCNA77 The
nmut ant was produced by substitution with arginine
(basic am no acid) of aspartic acid (acidic amno acid
) at position 147, which is éme of the ami no acids

| ocated on the interface when the Pfu-PCNA fornms the
honotri nmer and 15 involved in the trimer fornmation.

e RTHORMANZSHnd pAaS PRIABUCeF MRING ot RRasmid as the
Pf u- PCNAO1- producing plasmd as the tenplate and
Senge s tef @npl A42RIP safd uPEd 3BRAFRaRT Gfu_EABPEd&e fog

Hg%r%ﬁh%&h%nth O%B%ht&o%'l'lo: Pf u- PCNA78 20 The

nmut ant was “produced by Substitution with al ani ne
(Ifdwterial ard.do 2acipdpdoictdlout afi @xaptied s(aa diteadn No

aci d é?t oS ti.on 1§Q, mgich is one of the ami.no acids
| ocat EFBGIFT AW et Ble wherlopfid st JPBENARLor s tEREATENS)
RARD teiriafRif it d Wikl ved blakhe dt KR A0rFERt k@BrethBeng the

expressi on plasm d 25 was produced using the
PUFaRENRSN Py obdadineg phashed agds rementiomsidapeogadure, to

1.g0S 39A- F .and Pf -R. [ 0 i.ng
SREURE A s EraeRR <Rt BEBRRR sl ke Sliean
W&@d 0floducéd 4by :sdhdtutrdtigon fwinti ke rabdiani aell130 apbasnduction
agino acid), of glutamc acid (acidic amno acid ) at
FosFEPSTSE38™ which is one of the anmino acids |ocated

on thechnterbace polan ekpe oBEY-BONA bR abheultured in 1.5
homotrinmer and involved in the trinmer formation. The

&dpeessiodn thleadisdi dediumwdsoptadudad B9 pg/tmheof ampicillin)
Pfu-PgNAOl-&roduc[ng plasm d as the tenplate and .
8lti gdsCpPFutE shekimgnd Pre ®IBoRsRLoBrwas ninddeed gy adding

g?& tation. [0106] é“4.2' Producti on, of expression
g A 1sopLORYITBRPatRAPP2 BRI ORYYBREFESS( DBS) 2RFLNEL

coheahagarehbn Was ot hansf GhERAoW.{Nakhe BLESH: dniee! §r8wth
for expressing the

phase was 0.3 to 0.5, and after inducing the expression,
the culturing after the induction was continued for about 3

hours. Microbial cells after the culturing were collected
by centrifugation (4°C, 6,000 xg, 6 minutes).
{01087 1.4.4: Purification of PCNA protein (FIG. 5)

As shown in FIG. 5, a preparation was obtained by
collecting the microbial cells by centrifugation (S51),
disrupting the microbial cells (ultrasonic disruption, S52),
boiling for 5 minutes (S53), performing polyethyleneimine
precipitation (854), performing ammonium sulfate
precipitation (S55), performing ilon exchange chromatography
(556, using HiTrap Q@ as a column) and performing gel

filtration chromatography (S57, using Superdex 200). It

- was confirmed by SDS-PAGE that the protein was purified

well,
[0209] 1.4.1.1: Disruption of microbial celis

The microbial cells precipitated by centrifugation
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nmut ant PCNA obtai ned in the aforenentioned procedure,
to yield E. coli strains each expressing nutant gene.
[0107] 1.4.3: Culturing of mcrobial cells and

i nduction 10 of expression Each nutant PCNA
expression strain was cultured®in 1.5 Liters of the
LB nedi um (containing 50 g/nL of anpicillin) at 37C
wi th shaki ng. The expression was induced by addi ng

lWEe (dusspiremd -i(3-23 Wl egalnatepy ancs &) @i A ddinglus. s,
15 concentration of 0.1 mM when OD600 at a Iogarlthn1c

| gPr tth NaSHas e Vil 207 nGRRD 5 e laf tIdF? ioddigsineg )t g buffer

c r4 N f tenddie igdu S1ne
T e s IR P 002 WAy, e Ebappspos
tdHeyaadalyr |0ng3 Wé’f EDTEIUI | ed@tted milyr akentlr idaldat iverre( 4Gsrupted
SiooqﬁF%% % [0108] 1.4.4: Purification of
As shown in FIG 5, a
progparat i or1 vxzasq czbt airmedndht Galdredtdag the mcrobial

cells by centrifugation (S51), disrupting the
i cr ot &l sgeiHte A micrabdmilc caldr @pﬁp@ms19512)~fa8bmlul@gi for 5

it A }%335% DGR g S ub ar8 mLAdEes),

ﬂ;ferjOFll]IeQiﬂ en sperhatRerf.orm ng i on exchange
chronatography 856 using H Trap Q as a colum) and

1drni ng lgdi- 4 -B:| Bodiiesh Ydieneratiog: aFREipssatioesi ng

Soer il o cnlyingd g SEREEC DAL Vina

anuﬂmunatMMhanoﬁr@anl (eelvl)s atide Omiser ohi alespelcktively, were
eC| i.tat centrl gatiqn, 46 e suspended in
51 e GER a6 b TP CHOT A B Ten S17 Tetge ice for
ap h % glycer uff 0 4o
?Wﬁ?lﬁ%rcl orBs, %%q“ftm%%a s %%f%fég%% (08 530 ac,
@ISymrmultesO 50|TM1I‘J[B) thEheumemmeMaaﬂt cells were

oot o e i AR Gl SSIYIRY btk atin® 2

5.61 g of ammonium sulfate (final concentration of
80%) was added to 10 mL of the supernatant and stirred on
ice for 30 minutes to precipitate a protein. 80 mL of 50
mM Tris-HCl (pH 8.5) buffer in which ammonium sulfate had
been 80% saturated was added to this solution and a

precipitation was collected by centrifugation (30,000 xg,

4°C, 25 minutes). Subsequently, this precipitation was
dissolved in buffer C (50 mM Tris-HCl pH 8.0, 0.1 M NaCl)
and the resulting solution was dialyzed against the same
buffer C.
[0113] 1.4.4.5: Ion exchange chromatography

A dialyzed sample was applied on an ion exchange
chromatography (HiTrap Q: Amersham Bioscience)} using FPLC
protein purification system (Amersham Bioscience) for Pfu-
PCNAOL, 10, 12,.13 and 16, and AKTA explorer 10S (Amersham
Bioscience) for other PFfu-PCNA70Q, 71, 72, 77, 78 and 79.
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A disrupted mcrobial cell suspension was boiled for 5

m nutes and then centrifuged (18,500 xg, 4C, 25

mnutes), to collect a supernatant. 10 [0111]
1.4.4.3: Polyethyl eneim ne precipitation
Pol yet hyl enei m ne (Si gma P-3143) and Nad at final
concentrations of 0.2% (wv) and 0.58 M respectively,
were added to the supernat ant, which was then stirred
Lt Was I IHIMHRS wik S aqldgaxorqxv@ﬁé‘rﬁﬁtdﬂ fougedo 0.3

18,500 xg, 4C, 15 25 mnutes) to d the

@@Cria{tlanﬁ Mgl B27H B £16W raﬁmmamh S Amitrante .

t at 1 f
Al R A Al e
super rIateargeaancfmomroeﬂ mm theClifTara B @ nidiuteax-Hamge

reC| itate rotel m of, 50 20 m\/ITrls HC1 pH
R FRTSdies SR et T

| @Mn@t@ﬁr\’é@ﬁlyﬁlm@c} Budiresold onn@dim 8ioscience) to

precipitation was collected by centrifugation (30,000
praisca rxrapanatesn Qubsadsauuant wssaysr-eci pitation

maql ssolped | lIllf fde (aﬁ_% TeraSs d?p&_@% % 0.1

) 25 and the 7 esult I on wa zed
y&ﬂrﬁﬂumxﬂﬂngeHnﬁﬁéﬂtﬂﬁpﬂdihﬁﬂs lo4c©ﬂflrh0ﬁts molecular

exchan chro ography A dialyzed sanp] e was applied
%cﬁjn Eilr‘lﬁgfa TR dgrEsh G(H“#ra?ﬁ )@ Anmersham

Efloqslcg]ence)l Usi A JiRlHg O%Opgruat@m d fication system

(Amer sham Bi osci ncez for Pfu PCNAO1 10 12, 13 and

16, arfd"CAKEA cox OF) S WOARRLSHRE RS @iF&écuaéwcé{)FCﬁor which
t P 7 7, 7 d
%Jéerlo Lﬁe Qt ndje'rrk | nearﬁ g a o% %gPé/%cioEc.jcg} qq.ﬁ.wsus.

was perforne ient “of
NeGrn' pduudingrh REA @uotatie mphrmﬂlmmutam Rr@il4jene and

bl B oy T S S e
W%%ﬂéggﬂﬁﬁ'ﬂéﬂﬂdﬂéﬁjﬂﬁé Q@sﬂ@dﬂﬂﬁg'é%ﬁre%@ﬁQﬂﬁKQﬁ&%&@ywere
usi ng Superdex 200 (Amersham Bi osci ence) t
introduced into the same host and the genes were expressed
simultanecusly. The expression plasmids were produced with
reference to Non-patent Document 7. The detail thereof
will be described below.
[0117] 1.5.1: Cloning of RFCL gene and preparation of
exXpression plasmid '

A Pfu-RFCL gene (NCBI Gene ID 1467921) was obtained by
PCR using the Pfu genome as the template (base sequence:
SEQ ID NO:13, amino acid sequence: SEQ ID NO:14). RECL-F
and RECL-R primers were used as the primers for PCR (SEQ ID
NOS 15 and 16é in Table 4). For convenience of cloning, a
restriction enzyme Ndel recognition site was added to the
RFCL-F primer and a Xhol recognition site was added to the

RFCL-R primer.
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obtain a preparation for subsequent assays. [0115] The
obt ai ned preparation was applied on polyacrylam de
gel electrophoresis to confirmits nolecular 10 size
and good purification (FIG. 6 and 40). [0116] 1.5:

C oni ng of Pfu-RFC gene RFC i48 conposed of two
subunits RFCL and RFCS, which are located in tandem

.on the genone of Pyrococcus furiosus. Upon producing

an1REE protein preparation, an RFCL gene and 15 an
RFCS gene were individually introduced in distinct
gﬁbﬁ§s§|oﬁf9@€€§r§0rtH@Pﬂé§ﬁ§éﬁﬂﬁé @ﬁp?§§§|8ﬁn@ectors

WETT TtT UUULBU I mto I.Ile SdllE IIUbI. dllu t ne genes wer e SEQ
expressled simultaneously. The expression plasm ds
wer e prijoduced w th Prifer emsguéncddntpat2ht Docunent ID
7hamge idetail thereof 20 will be described bel ow NO
[0117] {1.5.1: doning of RFCL gene and preparation of

Te¥Pregol on plasm d A Pru- RFCL gene (NCBI Gené 1D

1467921) Ac@SCADtAT et OYGAPET TSIOY T¢e XA Genone as| 15
Eﬁemﬁemplate (base sequence 25 SEQ I D hKIlS, am no

%Itﬁ-ﬁ_quc”bc SEQ1+DBNO—14)—RFC=F—and—RFC=R

primers M%G@%@%ﬁ@%@f'ﬁﬁ%cﬁ@%ﬂ@dﬁﬁ@d RcANS| 16
Yriaed |16 1 n Table 4). For convenience of cloning, a
restriction enzyne Ndel recognition site-was added-te

the RFCL-F priner and a Xhol recognition site was
added to the 30 RFCL-R priner. 48 [0118] Table 4
Primers for anplification of RFCL gene SEQ Priner
POlAe] seqUérc@®fB' g=ndmikDDNAameeNO@reRFCh- Ehe

aforementioned 1.1 was used as the template for PCR.

- [0120] The PCR reaction solution has the following

composition {(amounts to be added to 50 pL of the reaction
system}.

Template DNA: 100 ng,

Primers: each 10 pmol,

dNTP: each 10 nmol,

Ex Tag*: 1.25 U and

10 x Ex Taq buffer: 5 pL
were mixed, and sterilized water was added thereto up to
the tetal volume of 50 pL.
(*supplied from TAKARA BIO INC.)
[0121] 1.5.1.1: Reaction conditions for PCR
| The PCR reaction was performed by using the reaction
solution prepared in the aforementioned procedure,'using
the PCR apparatus and using the program repeating 30 cycles
of the reaction at 95°C for 30 seconds --> 55°C for 30

seconds --> 72°C for one minute.
[0122] 1.5.1.2: Purification of PCR procduct

The PCR product obtained in the aforementioned
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AGC CAT ATG CCA GAG CTT CCC TGG GTA GAA 15 Pri mer
RFCL- R AGC TCG AGT CAC TTT TTA AGA AAG TCA AAG AGA G
16 Prinmer 5 [0119] The Pfu genom c DNA prepared in
the aforenentioned 1.1 was used as the tenplate for
PCR. [0120] The PCR reaction48ol ution has the
follow ng conposition (anmounts to be added to 50 L of
the reaction systen). 10 Tenplate DNA: 100 ng,
Rrio®idireeasy Hiiced dANTR: eaehtob@ @l clebXrbafbresis,
1.25 U and 10 x Ex Taq buffer: 5 L 15 were m xed, and
S 95X hatidh wESIsdded brweristeo uSubseauratist a gel
f e ph tr I
T g B ER T AT one “Fol PORCTRE GRS Under
redhegc tuil 1oy awd © Yedr fldgimed iy agdiartg dnhe angadchicoRCR2Product in

| utj epared in the.af.orementio rac re,
e A SRR R U b e %o g SR S Ge1
BRpeRtHulg 3G ene ki tof(Alke sheac Bidkdkn?e¢ Beko3@ing to

seconds --> 55C for 30_ seconds -->'" 72C for one
HEfuf@nypglggion gapugl.pyrificati on of PCR product 25

a2 PYQQ%QE.%?t%h%gﬂohﬂfgh%fa%%@E%%th%@ed 49
procedure was subjected to o agarose-ge
el ect Toghoradifd ed B0R sradmed watsh legaitdidutobpoaildé -

FLSH/RY GAdfe arbit Ve rladrires AREn It Har

BroadiNgt.i) oaccard ihge t BCRher aduebull@ati ohheadek1f r agnent

~was purified using GFX PCR DNA and Gel Band

Pigcibferdatiien deiltl CHIrer dRAKABROSFCeAVE). ) aveaesr diragsttormed
with this ligated PCR product, which was then seeded on the

LB agar plate (containing 100 pg/mL of ampicillin, 40 pg/mL
of IPTG, and 40 pg/mL of X-GAL),and cultured by leaving

stand at 37°C overnight to yield an Escherichia coli clone

‘having the PCR product.

.[0124] An Escherichia coli colony exhibiting the white

color on the agar plate was cultured in 3 mL of the LB

-1liquid medium (containing 100 pg/mL of ampicillin) at 37°C

overnight with shaking, and then a plasmid DNA was prepared
according to the standard method.
[0125] 1.5.1.4: Confirmation of sequence by seguencing
Concerning the aforementioned plasmid DNA, the DNA
sequence inserted into the recognition site of the
restriction enzyme HincII in the plasmid vector pUC1l18 was
examined using the DNA sequencer. As a result, it was
confirmed that the open reading frame of the Pfu-RFCL gene
is retained, the restriction enzyme Ndel recognition
sequence was added to the 5' end and the restriction enzyﬁe
XhoI recognition seguence was added to the 3' end in the

inserted portion. This plasmid was designated as
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its mani pul ation manual . 10123] 1.5.1.3: Subcloriing
of PCR product The purified PCR product was ligated to
pUC118 10 Hincll/BAP (TAKARA BI O I NC.) using TaKaRa
BKL kit (TAKARA BIO INC.) according to the
mani pul ati on manual . Escheri&hi a coli DH5a ( TAKARA
BIOINC ) was transformed wth this |ligated PCR
product, which was then seeded on the LB agar plate
%ﬁg;gfgfﬁ 100 g/ L of anpicillin, 40 g/nL 15 of

and 40 .xg/nL of X-GAL), and cul tured by | eaving
dttdied lat  371C5overni Firephaayiiend odn RESThexpechisaioonl plasmid

cl one . havi.ng t.he r t. [0124] .An Escher,ch
ol 1 EotoR i pPg by R Tnies SBupod GTeeHECagarD the
Plealte: \Was Buldnykad sl Nad 1nManef xhitg kB 2@ebhgdi dnmeicimgene
(containing 100 g/nL of anpicillin) at 37C_ overnight
vinassidlki nFheagignendmagnends Wieg PRASWES dprapar ge
%%ﬁ%ﬁégéﬁﬁnt%e%Q%rSE%n @%%g%%tQ%%'e&%&%@k&énsv%c%br for Pfu-
irmat1on of Sequence by sequencrng ncerning the
&Folenmenti oned plasm d DNA, the DNA 25 sequence

[ rted int he recognition site of t restriction
GG B i SRR ATt St oR TSUCETA fgament

exam me@ wSiakehikheubhidsyegeeneals. adsika v e3bhired Wilas the
confirmed that the open reading frame of the Pfu-RFCL ,
Fesd rijcd Logy gnFaaest Needegnd &hiogn 1e8n)ge fR4dpwing reaction
Iy ni tion 30 sequence was added to the 5 end and

tHe restriction enzyne Xhol recognition sequence was
qadedt o tirea3mien®dnel Bheg inserted portion. This

pl asm d was designated as 50 pUCL118/ RFCL. [0126]

1.5. 119 zPReparacitdonoenRy@e &xdifessi énpypl asm d  The
plasm_d pUC1l18/ RFCL was douhly cl eayed with the
restrﬁ@?ﬁ&ﬁcéﬁ??n§§zN@§INgﬁ “XRoM & Spr epare an RFCL

gene reshhagwBih efBengeRBf-agnentitwas inserted into

the expression vector to produce the expression vector
flOl21¥ly- Sterile water was added to the aforementioned

mixture up to the total volume of 50 pL, and the plasmid

DNA was cleaved with the restriction enzymes at 37°C for 2

hours. After completing the reaction, the reaction product

was run on 1% agarose gel electrophoresis. A band {around

about 1.4 kb) corresponding to the Pfu-RFCL gene was cut
out and the RFCL DNA fragment was purified from the gel
using GFX PCR DNA and Gel Band Purification kit (Amersham
Bioscience) according to its manipulation manual.
[0130] 1.5.1.7: pET~29a expression vector

The vector DNA pET-2%a {(Novagen, US) was doubly
cleaved with the restriction enzymes Ndel and Xhol by the
following reaction.

(01313 Plasmid DNA: 2 pg

10 x Restriction enzyme buffer: 5 uL
Restriction enzyme Ndel: 5 units

Restriction enzyme. XholI: 5 units
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RFCL. [0127] 1.5.1.6: Preparation of RFCL DNA fragnment
The plasm d pUCl118/ RFCL was doubly cleaved with the 10
restriction enzynes Ndel and Xhol in the follow ng
reaction system [0128] Plasmid DNA: 5 g 10 x
Restriction enzyne buffer: 531 Restriction enzyne
Ndel: 5 units 15 Restriction enzyne Xhol: 5 units
[0129] Sterile water was added to the aforenentioned

Wb&%@ﬁe upsterthe {qtal wakuoBqeh 88 tneaBfotbBRentioned
plasmd DNA was cleaved with the restriction enzynes

ati x30€ef 0p 20 hasr sotAlt eblamapbét E0guLhewhtant was, then

the reaction product 20 was run on 1% agarose gel
éEé@ts@phdreti§7°Q\fmwu2(h@mmﬁmi Eborr dompl@ping the

correspaondi to.t gene was cut.,,o n
ERECRaB) DY g hEnehWECrFES FRB et gibaRile ger
¥ clPeBpobiAeand . Ceh Band Ra&bﬁnaahbaatkst4(kn¢rsham

Bi osci ence) according to its manipul ati on manual .

F@f@@ﬁp?ﬂélmg7topthezgsrékghgs§P6ﬁ QécPBr—7ha V%EFBF was
N BRE-28@ QN@ng@ngggsbNAa§rQeM@h¥ wsgeaﬁegfmbahfkeﬁ the

restriction enzynes Ndel and Xhol by the | ow ng
gedcisang F@ISBFRPDEéwaddDﬁAl BagdSBuIGfXCR@sDnl&@ton

ne, buf Restriction enzy
A R peT OB BAZy RECRhOREoR - BRPBe tB1 L PotDs i g HPy Ranual.
watienwas added.Be thaaﬁaheﬂeatt@aadana1xtaﬁefupmaelon
the total vol une of L, which was then left stand

at 37&bgoPfn- BEGPSDNAfﬁéﬁg@SﬁﬁIéﬂpﬂgnﬂheangeEEFlaﬁT 2%a DNA
trhe h%ﬁ%t'@@ Hg?dHBEaﬂgéngH ?Re é@@géﬁ8ﬁ€1935d5procedure

el e trophoreS| A ba aroun out
wemeespan@edgusmngh@NétLagghﬂohoKmtoWZpETAEQEAVEEQoENC-) as

%%ilows.

[0134] RFCL DNA fragment: 100 ng
pET-2%a DNA fragment: 50 ng

DNA Ligation Kit V2 enzyme solution: 5 plL

Sterile watexr was added to the aforementioned mixture
up to the total volume of 10 puL, which was then reacted at
16°C for 30 minutes.
{01353 100 pL of Escherichia coli (E. coli) BL21 (DE3)
(Novagen) was transformed with this ligation product (3ul).
The solution of transformed E. coli was seeded on the LB
agar plate (containing 30 ug/mL of kanamycin) and left
stand to culture at 37°C overnight. Three colonies in E.

coli colonies formed on the agar plate were cultured with
shaking in 3 mL of the LB liquid medium (containing 30
ug/mL of kanamycin) at 37°C overnight, and a plasmid DNA
was prepared according to standard methods.

[0136] 1.5.1.9: Confirmation of seguence by sequencing

Concerning the aforementioned plasmid DNA, the DNA
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cut out and the pET-29a DNA fragnent was purified from
the gel using G-FX PCR DNA and CGel Band Purification

- kit (Amersham Bi osci ence) according to its

mani pul ati on manual . 10 [0133] 1.5.1.8: Ligation

reaction and transformation e Pfu-RFCL DNA fragnent

(100 ng) and the pET-29a DNA fragnent (50 ng)

obtained in the aforenentioned procedure were reacted

¥ noNA i hisgattiean ik & h¥2 pil BAKAGAVBLOokNGEX-29a and the
follows. 15 [0134] RFCL DNA fragnent: 100 n pET-29a |
BRAVENEGnERt Th50 VAGLDRAYL Pdatthén iRSerY2def2fRewere examined
Qi Oa Sekuehekid e wat er was1added t grENg ohen reading

af orenmentioned mxture up to the'total volung 10

I£.r apiei) c lo b et B~ B@@@t@@natWazocb@@lbcelSOLmBﬁmteé between

00, L sche BL21
CRBTage% Xied EAERSr GPca HErR AR ShF) BUAFARTERSAGoE te-
([3le) p1aEha dselkthian ngf thignskarmediEgetel vavagesegdaded as
on the LB agar plate (containing 30 g/nL of
RE &ty dFdF-afd -1 eft 25 stand to culture at 37C
qyarpight . AEh sBewrClignige i p Ey it %%"c%ﬂ EEEEE_EQ%QEQhe T7
on the agar plate were culture mnt ing in L
@ﬁomheemBamdqmbd rfedbosofeobtiaidiingg s38e ) RghathopET-29a had,

 SPBORFES kel AR, EER Aras Bonstabad: 30 Forad]

te&mln%to@oﬁbkénauhgﬁe@f1&8QHQ@C©rHErS@ﬁU9RGCMQ It was
Concerning the aforenentioned plasm d DNA, the DNA 52
SERGEHEE | ﬁé@rﬁ@éslﬁlﬁﬁ@lﬁlﬁ§ﬁﬁé @§§FSﬁSpE¢92§§C&neene in

the 1§§§Qegﬁ uh . the vicinity of the inserted site
wer e exam ne usi ng DNA sequencer. As a result, the

ORE3@dpen feadingClpnamg) odf RENE BRueRAGU geapawaslon of
conpl et el sert d between 5 Ndel and Xhol sites

ﬁﬁPEﬁsﬁéPé P aﬁﬁé mul ticloning site. The plasmd
retai pickgriing PbunBRChagiene wasusestgnat ed ass pBEEL

&ELgEtéﬁ that a pfu-RFCS gene (Gene ID: 1467922) has one
intein (encoded by 1,575 bases) and an N terminal extein is
encoded by 177 bases and a C terminal extein is encoded by
804 bases (initiation and termination codons are not
included). The base sequence and the amino acid sequence
of the Pfu-RFCS aré shown in SEQ ID N0OS:17 and 18,
respectively (both include the intein portion).

[01391 When the RFCS expression vector was produced,
first, full length of the Pfu-RFCS gene including the
intein was amplified by PCR, and subsegquently a mature RFCS
{also referred to as RFCSm) was prepared by removing the
intein. The intein was removed by amplifying the N
terminal extein and the C terminal extein individually by
PCR and fusing two extein fragments by PCR reaction.

[0140] 1.5.2.1: PCR reaction of RFCS gene including
intein

The PCR reaction was performed with the combination of



[0137] As shown in FIG 7, it was confirmed that the
T7 pronoter and rbs (ribosone binding site) which
pET-29a had, 10 the RFCL gene ORF (open readi ng
frane) and the T7 terminator were aligned in this
order in pRFCL. It was expect®gd that this plasmd
woul d express the RFCL gene in the |arge anount.
[0138] 1.5.2: doning of RFCS gene and preparation of
e I r.din t t
e B P PR A e Tenn PR 1
IHECSt@BE@ﬁQPEESSRo@¢1memﬁe|SE@eﬁﬁbwéﬁ:hﬁ &n8730basefpble 5).
and an Ntermnal extein is encoded by 177 bases and
a Ctermnal extein is encoded by 20 804 bases
(initiation and term nati on codons are not included).
The base sequence and the am no acid sequence of the
Pf u- RFCS are shown in SEQ | D NOS: 17 and 18,
respectively (both include the intein portion). [0139]
When t he RFCS expression vector was produced, 25
first, full length of the Pfu-RFCS gene including the
intein was anplified by PCR and subsequently a nature
RFCS (also referred to as RFCSn) was prepared by
renoving the intein. The intein was renoved by
‘anplifying the N termnal extein and the C term na
extein individually by 30 PCR and fusing two extein
fragments by PCR reaction. [0140] 1.5.2.1: PCR
reaction of RFCS gene including intein The PCR
reacti on was-.perforned with the conbination of 53 the
Pfu genom c DNA (prepared in the aforenentioned 1.1),
RFCS-F and RFCS-R priners (SEQ ID NOS: 19 and 20 in
Table 5). 54 [0141] Table 5 Primers for RFCS gene SEQ



Primer Prinmer sequence 5 ==>3" ID name NO RFCS-F ATG
AGC GAA GAG ATT AGA GAA GIT 19 prinmer RFCS-R ATC ACT
TCT TCC CAA TTA GGG TGA AC 20 priner RFCSF1 TCA TAT
GAG CGA AGA GAT TAG AGA AGT TAA G 21 prinmer RFCSF2
GCA GBC CCC CCT GGI GTC GGA AM5 ACT ACA GCG 22 pri mer
GCT TTG GCC CTT G RFCSR2 CAA GGG CCA AAG CCG CTG TAG
TCT TTC CGA CAC 23 prinmer CAG GGG GGC CTG RFCSR1 AGG
Te34AGC ATC ACT TCT TCC CAA TTA GGG TGA 24 priner AC
é 0142] The PCR reaction solution has the foll ow ng

et it i G ifemsudios REClSe ggtged to 50 L of the
reacttof——sotution)—TenplateDNA—I08—"g,—Priters: SEG
0O lpmol, 10 dNTP: each 10 nnmol, Ex Tag*: 1.25 U

and 10 ¥ Ex Taq buf befime? kewoeacH Bed=>and sterilized ID
watamre wgs added thereto up to the total volune of
50L. 15 |(*supplied from TAKARA Bl O I NC.) NO
RFCS-F

ATG AGC GAA GAG ATT AGA GAA GTT 19
primexr '
RFCS-R

ATC ACT TCT TCC CAA TTA GGG TGA AC 20
primer
RFCSF1

TCA TAT GAG CGA AGA GAT TAG AGA AGT TAA G 21
primer
RECSF2 | GCA GGC CCC CCT GGT GTC GGA ARG ACT ACA GCG 95
primer | GCT TTG GCC CIT G
RFCSRZ | CAA GGG CCA AAG CCG CTG TAG TCT TTC CGA CAC 93
primer |CAG GGG GGC CTG
RFCSR] | AGG TCG ACC ATC ACT TCT TCC CAA TTA GGG TGA 04
primer |AC

5 [0142] The PCR reaction solution has the following
composition (amounts to be added to 50 pl. of the reaction
solution).

Template DNA: 100 ng,
Primers: each 10 pmol,
10 dNTP: each 10 nmol,
Ex Tag*: 1.25 U and
10 x BEx Tag buffer: 5 uL
were mixed, and sterilized water was added thereto up to
the total volume of 50uL.
15 (*supplied from TAKARA BIC INC.)
[0143] 1.5.2.2: Reaction conditions for PCR

The PCR reaction was performed by using the reaction
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[0143] 1.5.2.2: Reaction conditions for PCR The PCR
reacti on was perforned by using the reaction 55
solution prepared in the aforenentioned procedure,
using the.PCR apparatus and using the program
repeating 30 cycles of the reaction at 95C for 30
seconds --> 55C for 30 seconds --> 72C for one
mnute. 5 [0144] 1.5.2.3: Purification of PCR product
T I t t.aj it f.ar ' :
SR LI B P R L P ure, using
dltec th@p legrpesdas,us ardl stsdimedhd tdrcefrindingpdartdmgd S0 cycles
Subsequently a gel fragnment containing a band around
26 448 weachioro@tt Beder £o0 BResarerdsi otet | PgHE for 30
i rradi ation, d .the PCR product in the gel fragnent
G e U o T8 OPERBRA nd el | Band
Ruifdicati an Kizt, LARASHEMBIRICIANGRIR jCRAGNG to
its mani pul ation manual . [0145] 1.5.2.47 Subcl oni ng of
PCR pridgudiCRL B rassqiucahitiaddreRCRmpridu atf aggsemtganed t o

' / ) ' akal it (T .
&ﬁg.i é%%%?ﬁ%%éﬁéﬁggﬁﬁggﬁghﬁﬁﬁ%ﬁ%ﬁgﬁhaéﬁﬁaéﬁé%%ﬂ@ﬁaoreSls’
Eschertiachiead calth BHFE diTAKARAMIEED | NGhsamaently a gel

transformed with this ligated P ro t, which was

AP G Y B B At Borh dihis T06 S0 under
¢He Oft @Ricidd 11n,gHA0 18/18a et 1IRT Ga N4 A0 pfRTs 1 fdukt in
GAL), and cul tured by I eaving stané at 37C overnight to

yihel wedn TEsgmentchias eolnifdeghasiag % FERPENA and Gel

g Esc i Chi l i I i i i
B2 e S8 lord ki Ao, B R SRt o
nit sofmartieoulB t2%d ingunuch Inedi um (cont ai ni ng 100 g/ nL of

icillin), wth shaki at 37C avernight, and then a
4RI DNA v+ 47 nd0 0 R @R andar d
et hodind GhA4ls il 5o p reRdtd MRl an Lft et Rt 1R -
sequenci ng Concerni ng the aforenentioned plasn d DNA, .
tH_iélCENO(BPQD e TeKaRes &lile d litnt (FARRAY &J6ydiNG-dn according
%k}%ﬁg:ﬁggipulation manual. Escherichia coli DH5a (TAKARA
BIO INC.) was transformed with this ligated PCR product,

which was then seeded on the LB agar plate (containing 100
pg/mL of ampicillin, 40 pg/mL of IPTG, and 40 pg/mL of X-

GAL) ,and cultured by leaving stand at 37°C overnight to
yield an Escherichia coli clone having the PCR product.
[0146] An Escherichia coli coléony exhibiting the white
coclor on the agar plate was cultured in 3 mL of the LB
liquid medium (containing 100 pg/mL of ampicillin) with
shaking at 37°C overnight, and then a plasmid DNA was
prepared according to the standard method.
[0147] 1.5.2.5: Confirmation of sequence by sequencing
Concerning the aforementioned plasmid DNA, the DNA
sequence inserted into the recognition site of the
restriction enzyme HinclII in the plasmid vector pUCll8 was

examined using the DNA sequencer. As a result, the
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restriction enzynme Hincli in the plasmd vector pUCl118

was exam ned using the DNA sequencer. As a result,

the 56 inserted fragnent conforned to the Pfu-RFCS

gene including the intein. This plasm d was

designated as pUC RFCS. [01483 1.5.2.6: Primers for
anplifying exteins RFCSF1 prinmer and RFCSR2 pri ner

(SEQ ID NCs: 21 and 23 5 in Table 5) were prepared as
EH%e%@gdpEkggﬁénﬁoﬁohhgrﬁbdt%5"EH@|P?ﬁLRFﬁS 85§§anclud1ng
primer and CSR1 prinmer (SEQ I NCS: 24 in

Thbl énSkiner eTpieppiedmad whe PERipniairedsasf pHCYRECE.

yggmbael extein: gtop, e nurRgsE gl Reter 0logiaLhe

g easi'ly, "the rest r|c ron sequence
10 wagraddedptramtheahd sFdsab phemBEC$EmemDnHosazm and 23

the restriction enzyne Sall sequence was added to the

gn &aRler 5)t WeTRFESRPABEANBE. tésnﬁpénaﬁﬁaﬁysséaaeEE%s

h At w&%elntmoa@éb@znpkaaggeaha ﬁ@bQRﬁU§§§mQ¥ qb@Q D
CR reaction were provided in the RFCSF2 primer and

N@é RECSRZ QﬂlwBrTabSe[6149Fr€h9rEQRrEda@S|@hefBER primers
t f
P! S BB BAeRt YRS | PEL SRIBBkEg biepsrrogping
the b&@ﬁhh@neaehmyloﬁhe mu@tBEeslawAenigaengdez sequence
ri mers:
¥aq 20eds 10 5he B0 RhehoFafBURFESE 15PE iare SR BHe

%E@t%&%% Bh?%gzﬁﬁheéaW@ssagggchh%égtQdHEdth EH@ 5' end of
total volune of supplied from TAKARA BI O

ltNE. BFpsxaoprierz 7Comgéemenhacanésﬁu@ngeﬁontP¢R2¢ﬁewhen
t, f d b
SRR e T Tt e T

af 6r&fent’i 6red proceé

wIoRg detthe nPEReappasalup rane rusindg thee RFCEgLAPIrimer .
repeating 30 cycles 30 of the reaction,at 95C for 30
48d48ds __;hg5éCBoFeggtlon for amplifying two extelns was

performed using the following composition {amounts to be

édded to 50 pL of the reaction solution).
pUC/RFCS DNA: 100 ng,
Primers: each 10 pmol,
dNTP: each 10 nmol,
Ex Tag*: 1.25 U and
10 x Ex Tagq buffer: 5 pL

were mixed, and sterilized water was added thereto up to

the total volume of 50 puL.
(*supplied from TAKARA BIO INC.)
[0150] 1.5.2.7: Reaction conditions for PCR

The PCR reaction was performed by using the reaction
solution prepared in the aforementioned procedure, using
the PCR apparatus and using the program repeating 30 cycles
of the reaction at 95°C for 30 seconds ~--> 55°C for 30 |

seconds —--> 72°C for one minute.

{01513 1.5.2.8: Purification of PCR product
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seconds --> 72C for one mnute. [0151] 1.5.2.8:
Purification of PCR product 57 The PCR product
obtained in the aforenenti oned procedure was subj ected
to 2% agarose gel electrophoresis and stained with

et hi di um brom de. A band of abput 180 bases and a
band of about 800 bases were observed in the 5 PCR
products fromthe primer set of RFCSF1 and RFCSR2 and

the. priIer, et 01, RECSER a0d RECSEL. Laspeqthvebyodhe

gel ragne |nc each and was “cut out under
@h@ce@b&@aWBQISMbbE@hEdlmbadlaagamos&n@eﬂh@l@@@rophores15
product in the el fragnment was purified usin

PeR PEn

BRA TR @it h%&&@lf@ OMESE - on AkPERCATE %ﬁé’%ﬁt 180

B2Q3G eRee)a %@M MNGHRAH BDO MHRRIeRU Iw@trleo BoFRAYRK. in the
[0152] 1.5.2.9: PCR fusion reaction Two extein PCR

@C@dm@u@% fmeged Nigy pPydbjeac ety AThRECSEG pRslgRERTES2 and
Hf)t 38 s%acCt 'for}l{ f‘StEl% Q%Y %%tCS?{&_ prr'e re%tljv%lgn Ol e gel

tu a gene fragment encodi'ng the matur
m%aﬁméﬁuaﬂhﬂﬁmdln@h@m@mfbmﬂd waes dﬁSnmmme@DUQHOWhe

(0153] Aﬂ angga| gﬁ' %%kgﬁngagt Iﬁﬁ%ﬁ%%% product in the

Q;%']pqs.c'atdrr%t Natserﬁi@r'l@‘le%lxh%llﬁl EgMeR DAL and Gel Band
(corresponding to 50 20 ng), termnal extein

anJagnfematl@rL Kidor (AEspendin § o5 BENaR]) aas@rigng ke its
buff gb' terlle wat er was added to the

Héﬁ% conp03|t|on up to the total vol une

qf0145Q]5 L 1THe 2afar entiusiec mMedairienwas heat ed at

0o O3 el S L EL Y S0 P LB e
?_C]E) n%g.f‘a;&ﬁaénf{@ td eafd imik %@alt':tﬂl% WEHNHE 2t Jfegafimers
in one tube to yileld a gene fragment encoding the mature
RFCS. The detail thereof will be described below.

{0153] An annealing reaction of two extein PCR products
was performed with the following composition.

N terminal extein fragment: 2 pL (corresponding to 50
ngj,

C terminal extein fragment: 2 uL {(corresponding to 50
ng) and

10 x Ex Tag buffer: 5 ulL.

Sterile water was added to the aforementioned
composition up to the total volume of 44.5 pL.

The aforementioned mixture was heated at 95°C for 3
minutes, and slowly cooled down to 37°C over 30 minutes.
[0154] The fdllowings were added to the aforementioned
reaction sclution.

dNTP: 5 pL (each 10 nmol) and

Ex Tag*: 0.5 uL (2.5 U).

The mixture was reacted at 72°C for 10 minutes.
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Ex Tag*: 0.5 L (2.5 U. The m xture was reacted at 72C
for 10 mnutes. 58  (*supplied from TAKARA Bl O I NC.)

. [0155] Each 10 pnol of the RFCSF1 primer and the
~ RFCSRI  primer were added to the aforenentioned

m xture, and the PCR reacti d® was perfornmed using the
program repeating 30 5 cycles of the reaction at 95C

for 30 seconds --> 55C for 30 seconds --> 72C for one
7aut81: L0L36bnl oAk 2rdOb16 gR¥Age Wi th restriction

enzynes and purification of PCR product The
dbdbédent | 8Baetl PORrprddaft thasRPGEFLI pdibgreahdnbhe RPCSRI

BESFHRHSkeR RERCLA! Dot 05k DEeahepdncd MELDRS, TORa ohe

pERt ﬁ:le@t:t@@nenawpérlﬁldeineandsSabl thBCRrpyeductepeating 30
corresponding to 1 g 10 x Restriction enzyne buffer:
Eygles16fReber reticthoan2agne SREefor 53Qnsecomist Tt I for
enzyme Sall: 5 units Sterile water was added to the
§po§§ﬁ€ﬁ§§onea TE0npbeT P TSt he total vol ume of
$91567 and;tBeyPeR. E&@Q%be\/\@%tﬁ' %@%%Qlwtﬁhnt BEzymes and
restrlct|on enzynmes at 37C°20 for 2 hours. After
puwpﬁebamgonhefréﬁatp@ndunhe reaction product was run

on 2%.agar el ect.r oresi.s. .A ban L,

about THeBeEafEntaaREs 5N RPRODRY FASok F s SuRaney gFhancl
bwe ch bt €afs oheacediragnthecmahur @tBE@S):dWﬁ&tﬁuti oufthe

and the fragnment was purified_using CR DNA and
parigisd DY5 pypomERAt Wéﬁ F%PPb@-KnE|1§ﬁ§ﬁiji"’é§Bl EREe) .

‘&Q§§}LC{1§n e;%xmg%eﬁggge f; gxpressi on vector pET-21la

h restrictio zynmes The vector DNA pET-21l1a

( Novager) pwasiudeubkyrekepvading th thagrestriction
enzynmes Ndel and Sall. 30 [0158] Plasm d DNA: 2 pg
10 % Restriction enzyme buffer: 5 pL

Restriction enzyme Ndel: 5 units
Restriction enzyme Sall: 5 units
Sterile water was added to the aforementioned

composition up to the total volume of 50 pL, and the PCR

product was cleaved with the restriction enzymes at 37°C
for 2 hours. After completing the reaction, the reaction

product was run on 2% agarose gel electrophoresis. A band

~ {around about 1 kb} supposed to contain the fused fragment

of two inteins (encoding the mature RFCS) was cut out, and
the fragment was purified using GFX PCR DNA and Gel Band
Purification Kit (Amersham Biloscience).
k0157] 1.5.2.11: Cleavage of expression vector pET-Z2la
with restriction enzymes

The vector DNA pET-2la (Novagen) was doubly cleaved

with the restriction enzymes Ndel and Sall.
[0158] . Plasmid DNA: 2 ug

10 x Restriction enzyme buffer: 5 puL

Restriction enzyme NdeI: 5 units
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form

10 x Restriction enzyne buffer: 5 L Restriction

enzynme Ndel: 5 units 59 Restriction enzyne Sall: 5

units [0159] Sterile water was added to the

af orenmentioned mnixture up to the total volune of 50

L, which was then |eft standaat 37C for 2 hours.

After conpleting the 5 reaction, the reaction product

was run on 1% agarose gel el ectrophoresis. A band

(arou spen to the straight
ggs?gggéég?o 59%9 2%55§ma2 g%?gout and the

pEIS2]a DNAtéragﬁenatmﬁswpsraﬁded toonhet hfogehentipged

G-FX PCR DNA and Gel Band Purification Kit 10 (Anersham

Bilssorensp) tactbediagat ovPLsnaafAf paP ath onvhdfliayas then

0160] 1.5.2,12. i at i reacti and t ransf.or mati.on
tRE CoRACPRagierl S P g h AR ( ThETHy ST e T
Q@aEh?oBUSQHefE@gﬁﬁﬂbno rbWacknheknNsuhepsodi ngghhese gel
mature RFCS) and the pET-21a DNA fragnent (50 ng)

eBeatmenhpneshe. 1B bﬂadeﬁ@ﬁ@u@ﬁeabaﬁ cédér EPher e

LEREL BB PO RSP Y BECERE LG LG o

‘[BlA tnagpant anB80thg ﬁE@rEﬂgaDNBnfKagmhﬁtewaynpurlfled from

| ut L 20 S | e
33@?@%iﬂpﬁgﬁadGﬁ¥x%§%LDN6pan GRS PsP IEQSIEﬁﬁaBIOEOKlt

kamabiseh\WBs okReBnFERCHBHRHInd6ET Ok s3RaAt PUL@Bion manual.

[0162] 100 L of Escherichia coli (E «coli) BL21 (DE3
(RBeaden) Wa§.2raRsf bigatiant heeRtéoni gaei brappéapeption

(3 Plhpe, BEpTUERSAbAE B2 Shefe ookb fRg0engrte gl iten vo

LB agar ntai nrng of "anp
befthétﬁndeHOerQMEuteoatt%%ClﬂtennthEncﬁdueg the mature

I [ I f t I t
RN L aRel P mpthe1an hRn 2ea g (o okl "o B Rl B R ene
&%@&eﬁbhggeh@unp@gcéagraowa&gtr@ac@@alqshhgnbmatLaagtlon

overni ght, and a plasm d DNA
Kit V2 (TAKARA BICO INC.) as follows.

[0161] 1 kb DNA fragment: 100 ng
pET-21a DNA fragment: 50 ng

DNA Ligation Kit V2 enzyme solution: 5 UL

Sterile water was added to the aforementioned mixture
up to the total volume of 10 pL, which was then reacted at
16°C for 30 minutes.

[0162] 100 pL of Escherichia coli (E. coli) BL21 (DE3)

(Novagen) was transformed with this ligation product (3 pL) .
The solution of E. coli was seeded on the LB agar plate

(containing 100 pg/mL of ampicillin) and left stand to

culture at 37°C overnight. Three colonies in E. coli

colonies formed on the agar plate were cultured with
shaking in 3 mL of the LB liquid medium {containing 100
ug/mL of ampicillin) at 37°C overnight, and a plasmid DNA

was prepared according to standard methods.
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was prepared according to standard nethods. 60 [0163]
1.5.2.13: Confirmation of sequence by sequencing
Concerning the aforenmenti oned plasm d DNA, the DNA
sequence inserted in the plasm d vector pET-2la and
the sequence in the vicinitye®f the inserted site
were exam ned 5 using the DNA sequencer. As a result,
the sequence of nmature RFCSm (984 bases) w thout

t tif [ I ' :
L o4 B SR Aok, SRR B Lethbficing
[0164poh$e$hdwq mher@br&memt1wasdcpnébmﬁddDNhatthheDNA

T7 10 praonoter and rb ri.bosqQne bi ndin |
SEfueigShadsert tra 3@(R#é§mg8ngeeﬁﬁr(gﬁi Eﬁsaapﬂgthe

%?H@hc@nQHtQ%eTzlcﬁ%ﬁ%&n%ﬁoﬁhﬁeﬁ%sékhgﬁeglk@ WBk® examined
order in pRFCSm It was  expected that this plasmd

Wedng &Xer E38 shauercere RRAESe geselitm the ﬁ&ﬁg@nce of
HIRUL. plos 0%@%h b, @esérQQQﬁgh%nlgEgggl_ 1@%ﬁ%1f1ed

expréssion strain richia col
b@E&beRlNdwass1$ennhﬁaﬁaaasbytbransthenmleuthopRE@L51te

n1 and Pf u- RFC expression strain was
39@5&&8& a §§I@§Fcﬁawthe transformant havi ng both

Rloagmiids daublsyownt Anamicei I8l i B t2Qa@nedokanamkel Rhat the T7
[0166] 1.7: Exgre53|on of Pfu-RFC gene The

arereven coded @xﬁﬁé@@ﬁ@mesbﬂ@ﬁﬁnwa§léﬁltﬁhéﬁhwpﬁﬁ -2la had,

Ki
%E% h%QuF% %FEC|II|n an g%% bnfggg §§%§%§@% Qh&9§§% T
Eh&maﬁa&bmr@&3E0&1W@ﬁedndnceﬁlhyoadémngnlERGCSm It was

i sopropyl - (3-D- ,thiqgal act opyranosi de) at_a
CSRER e hon OPi6 PIART o IR AR GOPEE oo oG PERRECS

@@g@tEnpaggelgggeoaﬁohgto 5, and after inducing the
expression, the culturing was continued for about 3

HOHES] M crlobiaPreelics isht ef Pha-36Ccaener pAgIREsdon strain
COIIG%E%%egxc%ggt d&%gﬁabqncgéghPQUQOQDﬁ% R%L was

simultanecusly transformed with pRFCL and pRFCSm, and a
Pfu-RFC expression strain was obtained by selecting the
transformant having both plasmids doubly with ampicillin
and kanamycin.
[0166] 1.7: Expression of Pfu-RFC gene

The aforementioned expression strain was cultured with
shaking in 1.5 liters of the LB medium (containing 50 ug/mL
of ampicillin and 30 pg/mL of kanamycin) at 37°C. The
expression.was induced by adding IPTG (isopropyl-B-D-
thiogalactopyranoside) at a final concentration of 0.1 mM
when ODgoe at the logarithmic growth phase was 0.3 to 0.5,
and after inducing the expression, the culturing was
continued for about 3 hours. Microbiallcells after the
culturing were collected by centrifugation (4°C, 6,000 xg,
6 minutes).

[0167] 1.8: Purification of FPfu~RFC protein
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[0167] 1.8: Purification of Pfu-RFC protein 61 As
shown in FIG 9, a preparation was obtai ned by

- collecting the mcrobial cells by centrifugation

(S91), disrupting the mcrobial cells by ultrasonic
di sruption, (S92), boiling fér 5 m nutes (S93),
performng the 5 pol yethyl eneimne precipitation
(S94), performing the ammoniumsulfate precipitation

(S95) pePGHLAHM ﬂgF&Ee 9af5'g aEQEQHBtQQESBB¥a£§89 by

usi ng H Trap Fbparln ormng t

'hdlﬂeatuog theomacaogbaphy c€89%, bysicrgt rSipgrtiexn206pl) ,
was confl assyre _the. 1Q.puri
o850 SPOPE THOTERESL SSFLoDPYr HpEEaAhr ontd EBPLLon

qelobs , The inkiegolioal scalihtitpseqbpiy at pdrifyrming the

centrifu ation_ were suspended |n 25m. of buffer B

Pelocthenensiudne precipiépspral (€8F)s Rerécdriprdptes

AR AN L LR R 13, L0168b s, 8p2x RiRabgThe

eat I'sru cro bi-al stispensi on“was
bdfhadt&ochﬁomatngkeshandSBﬁenusengrHﬁWgeQ He8a500) xgnd

5 m_nu ct_a ernatant . | ] .
Pes 5. LBE) b o iffambiee SRERiroRosgbhy (367 using
@@bﬁ@ﬁﬁk'@ﬂ@lU1ngt($E§”&oBf3iﬁ§h wes saddedcat ta bksBake the
concentration of 0.18% (wv), which was then stirred

eHriiéd ofoPO300/ RGEEs. This sol ution was centrifuged

0 xgy g4 ) O S at ant .
[é??? 1.874°" %hn%%ﬁun?gaﬁiaﬁg E%E%F%ﬁ?%t#gﬁﬂgs 5.61 g

of anftbei micsebfiafle ceflinabrecnpéntieti by céntsaiwgaason

added to 10 of e.su nat.ant _and_.stirre
PETESsuRPRaCES 05 poBk BRrhRERR pONEeRtehREti8Red) ©© he
Rieebph hat ken1wageeel heet-agdtby 5?nhut&a@ahu@nt&égt&@at
VL§§6§4C 25 m nutes). Subsequent this precipitation

0 di sdePvéd Fﬁeﬁﬁ@eﬁﬁfWéFhChEQForenent|oned) and

Lzsf ﬁegﬁ 5thpYedOhYL-aR 1 Was (dh 3l ¥78He3830bRSLakNBo320R for 5

minutes and then centrifuged (18,500 xg, 4°C, 25 minutes),

to collect a supernatant.

[0170] 1.8.3: Polyethyleneimine precipitation
Polyethyleneimine (Sigma P-3143) was added at a final

concentration of 0.18% (w/v), which was then stirred on ice

for 30 minutes. This solution was centrifuged (18,500 xg,

4°C, 25 minutes) to yield a supernatant.
[0171] 1.8.4: Ammonium sulfate precipitatiocn

5.61 g of ammonium sulfate (final concentration of
80%) was added to 10 mL of the supernatant and stirred on
ice for 30 minutes to precipitate a protein. The
precipitation was collected by centrifugation (18,500 xg,
4°C, 25 minutes). Subsequently, this precipitation was
dissolved in the buffer C (aforementioned) and the
resulting solution was dialyzed against the same buffer C.

[0172] 1.8.5: Affinity chromatography
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QEPRAD &d PESPGER e SRT BEE

[0172] 1.8.5: Affinity chromatography 62 The dialyzed
sanple was purified using H Trap Heparin HP col um
(Amer sham Bi osci ence). [0173] The sanple was el uted
with the linear gradient of 0.1 to 0.8 Mof NaC/17.5
m., and the flowrate was 1 54/ nmnute. [0174] 1.8.6:

Gel filtration chromatography The peak fraction in the

H Trap Heparin affinity chromatography was further

purifired By 09kl khhatkoRasChhonRt ear aBhigUSiMGap Heparin

Superdex 200 (aforenentioned) to 10 obtain a
BiPe gedamino il Afigr shegapd OsThencesul ting preparati on was

0550 ol ae.RALYARLYLaftde geknelacl ioRNgtetaqtane of
onfirrm thée molecular "'size and good purification-o

ithe tpr epar at iodn NGENLG1 716) mL| 0&n0] tRe Elaluabitenwak 1

P mutants 15 The effects of various PCNA nutants
BE?@&P@&%'n the aforenentioned procedure on the DNA

neRktisgati on gy steel E@&Ekﬁﬁ&%b‘thmeﬂ%gEgghyeact!On
system were exam ned. Specifically, the PCR reaction
was p@hfopeed direlrtika laddhei odTokpt HePRCNA REfaREty

| - RE. I r [ [ r eqf -
Y
ghslomat oafid phiys uksdaet iSapepriesu il Owgs fosehieattietetd the
el ect.rophoresis fqr ca arin% the state of _ t,

he .
8Y -2. TRepFsPHatioy Breparation
Valsl Qi 1RENA A RN %%l?%%%iﬁa%ﬁd%d%bﬁ'@ﬂe@%r% ho@dSis to
PCNA mit ants on Pyrobest Pol ynerase (TAKARA Bl O
kNefiram ¢chenoodiesiilyprdisdze BatedoDNRUSYALFESIONe Ry FBE
deriv%dtﬁk%nw%%%uslo rococcus, was exam ned using the
BERPFEACTI 0 system 'Pyrobest DNA Polynerase is the
hHeat7 sresi stanteva liype oBNAfpeCHae masand@ derived from
Pyrococcus sp. and having 3' --> 5" exonucl ease

act i vl EFEGEE S @4dVAG TRES VA MUFRNS SeRFpREred in the

aforementioned procedure on the DNA replication system,
particularly on the PCR reaction system were examined.
Specifically, the PCR reaction was performed with the
addition of the PCNA mutant alone, REFC alone or the
combination thereof, or with the addition of none of them
to the PCR reaction system, and its reaction product was
subjected to the electrophoresis for comparing the state of
the amplified target region.
(01761 2.1: Evaluation of varicus PCNA mutants

Effect of addition of various PCNA mutants on Pyrobest
DNA Polymerase (TAKARA BIO INC.),a commercially distributed
DNA synthesis enzyme derived from genus Pyrococcus, was

examined using the PCR reaction system. Pyrobest DNA

Polymerase is the heat resistant o type DNA polymerase

"derived from Pyrococcus sp. and having 3' --> O

exonuclease activity (proof reading activity). This enzyme
is characterized by performing a highly correct

amplification equivalent to that by Pfu DNA polymerase



10

is characterized by performng a highly correct
anplification equivalent to that by Pfu DNA polynerase

63 derived from Pyrococcus furiosus, and Vent DNA

pol ymerase. [0177] 2.1.1: Conposition of reaction
solution The reaction sol uti o has the conposition of

the standard PCR reaction solution except for adding

an 5 accessory protein (sonetinmes abbreviated as
dép1kedT@%omﬁE&@%E%@cb%aghkgﬁsg%ffSﬁd(%gﬁtpbﬁﬁcﬁéﬁ merase.
Buf fer I1 unpubl’i shed conposition, TAKARA B Iﬁé)

W&d 7lided a®-.ilhé: Egmpesltihe eénpesptﬂgn ebluh&oPCR

react I homn

o TR FEe R OR s Ruun IOAT nag Bl SRnbSsbPoR 8E eng
@%anb@kﬂBPCﬁﬁbbﬁcﬁ16hnpesutueﬁ Ageupt fFoerbedaddgdan
Final concentration Lanbda DNA 1.25L 0Q.5ng /L §20n /
BFCESSRENIPPPERRP 0SSTeHinRF gbBTrRBRATER Rév The
BtitiBhed PLaBe2My (2@ER! /11b) bg%og¥59bgﬁffék h%
buffer Il dNTP M x (2.5nNI4L 0.2nM each) Pyrobest DNA
0npsbldsbesurbmpPeligienasEAKBBA BYOAPNSo) uvkonugedeas the
%U%EerTab&Se?%oﬁkggE%%o%ﬂg%rt%g'%Ck reaction solution is
shown below. As the template DNA, lambda DNA (GenBank

accession 02459) was used.



Tot al
the reverse prinmer
to be anplified.
see Tables 8 and 9.

1.1L 0.8L 0.4L OL Total
GORG8 tratlon of PCNAXX;
500ng/ L Buffer*:

of RF
5‘@%l@ ﬁcer ol

paacn f

50 L 5 The conbination of the forward priner and

i s changed depending on the |length

For the conbi nation of the priners,

[0179] Table 7 AP sol ution
(Accessory protein solution) 6AP RFCO RFC200 RFC400
PCNAxx OL 0.3L 0.3L 0.3L RFC OL OL 0.4L 0.8L Buffer*

100ng/ L,

1.1L 1.1L 1.1L 1.1L 10 Neat
neat concentration
25mM TrisC pH3. 0, 50mMM Nad ,
15 [0180] 2. 1 2: PCR reaction progran1|n

?9@P@§§él98r 5 gecor

Aty I I

Ilb \WAN

EEn 'és?cbfeora

ages )

B
hate

ane
“dgﬁ E?%;Lgn‘

&hba%. ﬁ UCI "y P\Cf

%%E |cat|on 94C

Q%‘o@&o‘i%lh at 4C [0

A N1
pt—at—=4 J.J
C for onée m'nute

Irll

-->

||C LAa
(98C £ Sag At

"OT 375 BrEYLES)
182] In theHcase

30
1

of

yCI &S =552 M
5.8 kb

R CPE PR FI4T T

seopRds /uty 68C  foi

r—one MonegRE --> (99

7. mnutes) 30 c

ycl

5C T Or bo_zuM
ps - -> being

KeRl patroflesitU1los] 2.
SFEeet iTng the PCR |

1. 37 Elregyrophor
eacti on, L of

esi
10

N (Nl D

10 Aiterix
| oadi ng

Rrre Mikol(pcemel 50
eyanol 0.49% was adg

o bronopRgnol bl

ue

led to and m xed wth

. 4% XylbeneM
" 50 L of the

PGRobeeacbon sol uti
2gdryoeeasgel(581/at r g

on, whicleyds th
pphor esi s.

en

As an el eq

q

R

ubj ectte @260 /1%
trophoresis

Bgrr elutibnl debdal st
Osbde The results 4

yl

ire shown in FIGs.

mar kér. LaLoyobo Cg.

1

, Ltd.) was
to 13

CPeNAdE whBerl2, 13,

37.4uL

Total

50uL

The combination of the forward primer and the reverse

primer is changed depending on the length to be amplified.

For the combination

{0179]

Table 7 AP solution

of the primers,

see

Tables 8 and 9.

(Accessory protein solution)

noAP REFCO RFC200 RFC400
PCNAxx OpL 0.3uL 0.3uL 0.3pL
RFC OpL OuL 0.4uL 0.8uL
Buffer* 1.1uL 0.8uL 0.4pL OpL
Total 1.1pL 1.1uL 1.1uL 1.1pL
Neat concentration bf PCNAxx; 1.00ng/pL, neat

concentration of RFC;

Buffer+*:

101807 2.1.2:

25mM TrisCl pHS.0,

500ng/pL

50mM NaCl,

PCR reaction program

In the case of 2 kb amplificaticn

50% Glycerol
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16), FIGs. 41 to 43 (PCNAO1, 10, 13, 70, 71) and FIGs.
44 to 46 (PCNA13, 72, 77, 78, 79) which are grouped

"according to the size of the anplified fragnents. 66

[0184] Table 8 Priner sequence for eval uati ng PCNA

Primer Positions for Primer s@guence (5 to 3') SEQ
name prinmer (in ID |anbda DNA) NO FO2 23, 119-23, 138
GIC GIT TCT GCA AGC TTG GC 25 Fli 24,634-24,654 CCT

s N I v o e
EoR ona mANubEl G6Cce81eR14-26, Béénéfiké 4 GladT CCT
ACG AGC AGA TGG 29 RI16 40, 479- 40, 460 TCC CGT TCT TCC

CPE8ETA cCIBoths pesespiTahbhekd Ampllifiedtiegi on in
| anbd Si ze Forward Rever ampbda- DNA Posj tion o
Pri meD 4Br | HeF ORD TR 75, (48 'C Ty fapeastigy Foa 68°C

Fotsar o2 1 eRal: s¥pR8 rhe” BERB PR REC T

131820l beldeste hede oPCNAOE Wheamphéfampkibhed size
was 2 kb or 8.4 kb, the anplification was observed

only RH&R 0D ege oRLRFC was” A¥RfEd. LA Dtsesongigsses> 68°C
t.he addition ?f PCNAO1 showed %he 15 inhibitgg ef f ect
EORpdr BAMW-ER ) t HE €3Sée8f aadi RGIRE k§Btedso ﬁyprotein

g@@s@ﬁ)- This ks Eheckesphbrbhak, when the wild type
CNA i's used, the DNA cah not be anplified unless the

appr optficatre canpurtialy BRRE PSRugedckhnoapnbi pat oO6N106¥
loading buffer (glycerol 50%, bromophenol blue 0.4%, Xylene

cyanol 0.4%) was added to and mixed with 50 pL of the PCR
reaction solution, which was then subjected to 1% agarose
gel electrophoresis. As an electrophoresis marker,
lambda/styI marker (Toyobo Co., Ltd.) was used. The
results are shown in FIGs. 11 to 13 (PCNAO1, 10, 12, 13,
16), FIGs. 41 to 43 (PCNACl, 10, 13, 70, 71) and FIGs. 44
to 46 (PCNA13, 72, 77, 78, 79) which are grouped according

to the size of the amplified fragments.
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The result indicates that the addition of the wld
type PCNA al one obviously inhibits the reaction in
the PCR, differently fromthe result of the priner
extension analysis (Non-patent Docunents 6 and 9) in
which the 5 addition of the P&NA al one exhibits the
DNA synthesis pronoting activity. [0187] PCNA1O Wen
the anplified size was 2 kb or 8.4 kb and when 200 ng
Q1429 ng of RFC was added, the anplification was 10
observed. However, when the anplified size was 15.8
RI'@bleorﬂ y Ptmgleacd@lemU@nC@f f¢®0 eNglRE@mgs FCN&d in the

.accessory protein

e, TR 0% he | B CUGhCACBrREE (as F8qdiTed | 550
@%ﬂmas t|her irgas e af PCNA)l It i s suggested thereby ID
that the optimal 15 anount of RFC to be added may be
di fferentl on the anplified size. [0188] NO
REYATZ T T Tfg TTECRRPEIT $eTSGERS aécKBncOsl KD 125
afkr?I 15. SEf El'ylgl{.%B\/wals 8ob3(=ergdeEat the adﬁ‘l tion of RFC
[ridnot ed 242,(534}62@,!‘&134 fi edcancamt GAEVAIGWIES GGGRECG 26
Was add thae_amlifieca |r\n wae alcecn nhecarveod
ver, %{ﬁ%ﬂé‘ A4%nt | ChroRbi GRAFALECT ARA GGC G |27
hal 11 qatd ofy e OSer Ve @C@OK@@J @ﬂAW'ANl chiRepeasecer 28
t he PCR|enZynme alone. [0189] PCNA13 n_any case of
ﬁﬁé aan|26£ﬁﬂ4ﬁ2ﬁ¥£3§ kb GSC4AEE éﬁ@ AES.BGEbAGBhﬁGG 29
ti AN 1 n Anrnmioint wnoe nhoearyviad and
I I I bCl \v) LI T1C J LILJ C e ke A>3 U
BIE vl H0-ehf TBe s o AGE BogemttoRCEne Hbaf Cor | 20
added RFC. Addition of PCNAI3 exerted effect w thout
requiring the RFC, and it is thus conceivabl e that
PCNA 13 30 renmarkably pronotes the anplification by
%%85][0190] PCNA16 I n any case of the anplified sizes
é 8.4 kb and 15.8 kb, the anplification was
G‘ra$ﬂreV69d. Afipa ideld fdegdboinodn lambda DNA
Size Forward Reverse lambda~DNA Position
Primer Primer
2kb F02 RO3 23,119 25,142
g8.4kb F24 R14 18,483 24,914
15.8kb F11 R16 24,634 40,479
f0l80] 2.1.4: Results 1
The results in FIGs. 11 to 13 will be described.
PCNAO1

When the amplified size was 2 kb or 8.4 kb, the

amplification was observed only when 400 ng of RFC was
added. In other cases,
inhibitory effect compared with the case of-adding no

{no AP}. This is the result that,

the addition of PCNAO1l showed the

when

the wild type PCNA is used, the DNA can not be amplified

unless the appropriate amount of RFC is used in combination.
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68 was observed even when no RFC was added, although
its level was equivalent to the anplification |evel

in the case of the PCR enzyne al one. The effect of

the RFC addition was scarcely observed. 5 [0191] For
five species of PCNA, the eff@é¢t of their addition to
the PCR reaction system using Pyrobest DNA pol ynerase
was exam ned. It was recognized that addition of
RENALZ xR Rinlad aFeGh thizgheheprepmtiion ff eak Qﬁlﬁh%ype
Pg@lflcatlon than in the case of no addition, and

t B OPENRLYE ogisd Yn @ﬁzhrl@qmslr échtehefe@@cmlpmo ANothRFECR,

Lts Whts E
E]\(31]f19‘:?(_:]b e%&: I'LQ'S rflrllaggg s 5%&?11% q uas |hev\np Irg’mte)% g%)){télkr?ﬁlgar I
tamat]h,eﬂses(motﬁ-pameﬁtl Dbcumendzy éarpld f9)edn M‘us:hzesae
er than th case _of _addi ngﬁ}oq ng of REC

RitFiogh fifor Aiad CoBs e, © OBERAG DLW e §YP D5 S

g}l@n{ytthlrgy ar&q%_q;fgonpar ed with the case of adding no

no AP 3] PCNA1O (D143A) 20 Wen the
dr@éﬁffﬂl ed ﬁci@l\ﬂas 2 kb, clear anplification was

obser i n.th f [ 200 n 0Q;.n f
R WeR ChE SRS o128 Wsd AN P Rpodp® wnen
a2 irfg ecat 1400 m@so&b@ﬁtvaﬁsiadﬁh@.C&&@Sa@bl&ﬁdbagléﬁOwas
of FC. When the anplified size
SFYeCat | 67VSY SFas wgﬁglelt&@d aE\Péﬁ%%%n%é@ Hg 5o flgRﬁckb
W 2 agRd 2 dalim:lar b 4100 E@eR@@S&%Edeeé 1n4£nBCNALO
was better in ternms of anplified amount than PCNAOL.

R il Catth@npr eJagcanpil iIREEd wawunfdivegeAsagles than that

QEP@H%O %% %ﬁebggggg %y%9§§%%g§6% % EE%egpg%n%gs the

am)unt O er ent
dependiihopaltihe amph@f@a@gemted theiedly PGMA7iIhe optimal
qoegt of RIS ha LR R, Bt $4.10RT B2penaitiE on the
ampllfled size.
[0188] PCNA12

In any case of the amplified sizes 2 kb, 8.4 kb and
15.8 kb, it was cbserved that the addition of RFC promoted
the amplified amount. Even when no RFC was added, the
amplification was also observed. However, only the slight
promotion of the amplification was observed compared with
the case of the PCR enzyme alone.
[0189] PCNAL3

In any case of the amplified sizes 2 kb, 8.4 kb and
15.8 kb, the amplification in the large amount was observed,
and the amplified amount did not depend on the amount of
added RFC. Addition of PCNAl3 exerted effect without
requiring the RFC, and it is thus conceivable that PCNA 13
remarkably promotes the amplification by PCR.
[0190] PCNA1l6

In any case of the amplified sizes 2 kb, 8.4 kb and

15.8 kb, the amplification was observed. The amplification
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al t hough when the anplified size was 2 kb or 8.4 kb,

the 69 anplification was observed when 200 ng or 400

ng of RFC was added, and when the anplified size was

15.4 kb, the anplification was observed when 400 ng

of RFC was added. The anplif%®d ampunt was | arger

than in the case of PCNA1O, 5 but the addition of RFC

was required for the anplification. [0195] PCNA70

Wk sk e adependivhgnonct Recprasenesea; abeaRe8hofits level

RFC and = the ampunt of added RFC, the anplification in

Re leaivgEalamsuite his oppdridagatacanyes¥etednekhfi Aage of
[ 6L...P 43R} S mi-l-arly t-o e S LB

2 P e Aeer T onP SR gl shansEs: Yiliiton vas

closeredd obsamyesi.zes exam ned not depending on the

i.tiion of, RFC, and the anplificatio | evel wa ,
Beedn *Chamorn SiHE REELF BENRTUL: 1 8RPORBFECRODE lpLT
SPRIG k@0t omhan e r( PeMAtE onldy st@madinglbyebhakhedna
by introducing the nutation info the position 143 in
Prrd YPENAS et WaSepKaBingr -t hditr vagdireceanigethshptraddition

SESREAPT SIS I R Y RERRYR, COHASH) ot

depéndicgt20nonhthe iaddhti ocrsef ocRFGo BENAt3ocabt andedhat
ubstitution wth the arginine residue having
B P RenbaifcrBy ERmrBFEeqhe, RESSELoRoRS FEFomt | on

abfiect]. Theref grerekli1i:g 2c0ncei vable that, for

l'eading to the PCR pronotion effect of PCNA al one by

i ntrodf€i K§sthésminafiten-i Alotrhé3D¥a31l2ber dspguabept
ibeNRBGE Lo substityte with the basic amno acid
rgs? Eeﬁagééltﬁéﬁalﬁy éylnportant that the positive

char géimtilelrlyheosuhst restiédsr eéai dud . hasiondey whplPERed

reaction, condjtion H 8.0 or hi,gher) causes the
SR 2P0 Ot PERITLrBy tBEuPRSE PRacPOi BarPOnBEuark RFE 1 R

aRbehFaeqt38nbakwesnstho-aDNaRBr 8cnaDR1R8kkEali8 an
?g%ngioiy manner compared with the case of adding nc PCNA
(no AP).

[0193] PCNA1Q (D143A)

When the amplified size was 2 kb, clear amplification
was observed in the cases of adding 200 ng and 400 ng of
RFC. When the amplified size was 8.4 kb, the clear
amplification was observed in the cases of adding 400 ng of

RFC. When the amplified size was 15.8 kb, no amplification

- was observed even when 400 ng of RFC was added. Similarly

to the result in 2.1.4, PCNALDO was better in terms of
amplified amount than PCNAOl. However, the presence of RFC
was indispensable for the amplification. It was suggested
that the optimal amount of RFC to be added ﬁight be
different depending on the amplified size.
[0194] PCNA71 (D143H)

No amplification was observed when no RFC was added,

although when the amplified size was 2 kb or 8.4 kb, the
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The results in FIG. 44 to 46 wll be descri bed.
PCNA13 (D143R) 70 Simlarly to the results in 2.1.4
and 2.1.5, the anplification in the | arge anmount was
observed in any sizes exam ned not depending on the
RFC. [0199] PCNA77 (D147R) 5 ®ot dependi ng on the
presence or absence of RFC and the anobunt of added
RFC, the anplification in the Iarge anount was

ARFANYadaitl oM Yadl £8%ePM Nedn BONVAAG Was 40onher 8" RFC was
in terns of anplified amount to PCNAL gm % CNA72
#h kbhe thgse

@Nﬁ@@&)aﬂ@-Wh@ndﬁﬁﬁeﬁ@@défu@dcéﬁg@rwgénl
;ﬂq%H%%tl%% ﬁ%ng%%%r%%h @50%| o%bﬁﬁﬁvﬁgslgdded.

cases regardl ess of anp € présence
dmeab3$ﬂd61@ﬁ aREGn&n@abheaa@aunthah a&dedeREgse[QZOPbNAlo
PCNA?% (E 39R) 15 In al | cases w.,th various anpl

Sedbe REOROOTOR &rﬁ@étrﬁaglasgeﬁvédtﬂﬁeﬁm@éefﬁgatlon

t[@14069 ng ebMRFG (wasaxhmul t aneously added. However,
the presence of RFC was essential for the

anpl | Nogatiependasat ke ad¢i rirescotePoNARDseacenef RFC and

Y BESfle! Be LeREH B ZQPLOégghl%QNAzﬁ GEFROEhe! Ba
all. Cases w thovarious Aanplified & z&§, the promofi
efroact was obsemwed Wheangoaingstexéaﬂn@g.of RFC was

aneous| dded. wever, the presence of RFC was
gggéﬁﬁlal %gN%G% O}g’ﬁirﬁp’??ication as the addition of
PCNA?%lmgﬁa%hgnQo'@hbbkE%GlEhgnrQa@tMonthgogﬁ iiB9cation in
wi th PCNA79 CNA78 was superior or inferior thereto

GéFendrag BRIOUNE wagpbbsesgedi o ﬂh§n52@95ngxamlne@ not
UR5e3h: ANEGNS) KoREH ATy tER By 5o
PEMAT9 wials bemmsrothaﬁphh%khd aaBenbf PONhﬂOIS
G8R95,vab! g that the supstitytlon mth LASBASIGs 10 ana
71) obtained by introducing the mutation into the position
143 in the PCNA, the effect of their addition to the PCR
reaction system was examined. Only PCNA70 (D143K) and
PCNA13 (D143R) exhibited the promotion effect not depending
on the addition of RFC. PCNAl3 obtained by substitution
with the arginine residue having higher basicity exhibited
the strongest promotion effect. Therefore, it is
conceivable that, for leading to the PCR promotion effect
of PCNA alcone by introducing the mutation into the D143
residue, it is necessary to substitute with the basic amino
acid residue, and that it is important that the positive
charge which the substituted residue has under the PCR
reaction conditions (pH 8.0 or higher) causes the charge
repulsion against the ion pair network in the interface
between the monomers.
{01981} 2.1.6: Results 3

The results in FIGs. 44 to 46 will be described.

PCNA13 (D143R)



am no acid residue (arginine) exerts a higher effect
than the substitution with the neutral am no acid
residue (alanine) when the substitution is introduced
into the E139 71 residue as well. [0203] The effect
on the PCR reaction systemof7@addition thereto the
mut ant s of Pfu-PCNA obtained as a result of

i ntroduction of the nutation by substituting any of

four %;amng 3cid resl dues 1a70Rg 3mMhng agid or gsisdue
Iocated’on the interface when %he PFu-%%NA forms tﬁg
laopdtidiimert ismd in imhel ded gen atribenftomwamt obiseafretthén any sizes

triner. The results .were assified into three types.
FREHES ﬂﬁﬁmﬁ%ﬁ%ﬂﬂlﬁﬁtgn %éﬁc%ﬁ%n when added al one
woarceas, werenraadgah1kGrsi nul t aneously with RFC, the
reaction is offset depending on the anpunt of added
RFC, depe@iPeidéms ke 48GeBTaF6HE, Ot ROSERSE Pifc BFoand
I ryth i n e f [ P
s e o R
cimfofueritenees folbomrtvieel na adg ticrs( exaARnegr.oupCNES 7 was

ei ther, when added al_one qr, when adde i_myl ously
SRR ieteih ARG, S e it aotaE 8 BEVAIE hel ng
ieeloved i ponalte r@actiron. The third group pronotes

the reaction regardl ess the presence or absence of ,
RFC. [Mhe gifdexesiopable CORRETEROTDHILAD KbEl §aBe & adding
%' lE”CtNylx t(?lof @ R«'E\% %Q:a&(:'e Db@é(}v'é@atint Ig?l ec.ases .
phenonena are due to an extént to weaken the ion pair
mretwardd e sEhatt iasyp liiff iekle stiziemsr thet pueteneesi ort epsence of

i.rm_t reaction ul d not ogress without aid of
%E%.apﬁht @qunﬁy%gbaggﬁﬁlﬁﬁ@‘triner is lost, PCNA
woulod 11 ose patialyiot etigowor k as the clunp. It is 25 thus

specul ated that the state where the trimer structure
i s appifopdilacélsygs| wdsén&arieugn apldlied stlecseyéhe

18 RO Op R Ry DOGSTEY B 360 Kot b e
whe abnulttpneousdymatkied. However, the presence of RFC was
essential for the amplification, as the addition of PCNA79
alone inhibited the reaction.

[0202] PCNA78 (E139A)

In all cases with various amplified sizes, the
promotion effect was observed when 200 ng to 400 ng of RFC
was simultaneocusly added. However, the presence of RFC was
essential for the amplification, as the addition of PCNA7S8
alone inhibited the reaction. Comparing with PCNA79,
PCNA78 was superior or inferior thereto depending on the
amplified size when 200 ng of RFC was simultaneously added.
However, when 400 ng-of RFC was simulténeously added,
PCNA78 was inferior to PCNA79 in terms of amplified amount.
It is conceivable that the substitutiocn with the basic
amino acid residue (arginine) exerts a higher effect than
the substitution with the neutral amino acid residue

(alanine)} when the substitution is introduced into the E139
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‘30 trimer in an effective manner for pronoting the

enzynme activity in the PCR reaction is realized by

‘causing the charge repulsion to the ion pair network

in the interface between the nononers. It is also
concei vable that the 72 trinkt is easily dissociated
under the high tenperature by |oosening the ion pair
network which is supposed to contribute to the -
trherimmle sisakidiiity. A reaction nmechanism is specul ated

that the replication reaction is repeated by 5
di%¥9adi at i AGet ke TELitmeR Ghen FC&mperstdre éNéV&Wl@ﬁ pggition

ttml%re%b%%%Uﬁ@ttaax%' 8 BrRCBRA gﬁat@l%dt aaPer g%gg?tl Bt

the 1initial denaturation step of the cycle. |

Im@rQMMQ¢u0@foéddhﬂgmmhemub@ bwesB@RtneamungnangysEeﬁnur
to the el even nutants

as ich 0

Q%HPE'Pg& ﬁ836P8ﬁ8tF@ﬁnngE%FOnéFldeﬁéﬁduH& WEOFﬁEe% on
atd tingR rgh BFGheRr @ hkhpee -mPeiantrernBChAL3LoRL43Rher and
PCNA70 (D143K) and PCNA77 (D147R), and anong them
PONRLYedeiRi hhEed OrREtitRoRGeshcoFEARREl ni RS results were

lgish;i [ 0 r h
R aneoue Shar ey SYPREE  2hE0sIasE BEdbTthnabics
trerdénon M@enaaﬁdedredone wheraapl, i Whed addednt.

N

bavichg theun0opaktidedl arty exeehbeny batuhe agBBE amount,
various PCNA nmutants were further exanm ned as to the

~ ébreerrof fagatagnt Rays RREOMEo lepgepckhrBadni bhesgapenrt

gau&g QEmREghalhy w"tagﬁqgcﬁ%}sﬁe %goivamxgﬁggssﬁout

SpeC|f|caI h reac
aémpetynofdeiﬁemsnoa firom péei odsavdieidb genf sPiredroup,

h .
RFPER oRDeanAr e o PRgDR, "RRG HECE! PABY bAmSRHPIK"

RENA th3st hebeboiwashaxavoneddelr8A04k Aol beibhf €6t 00ked in

- addi ng PCNA13 to Pyrobest DNA

the reéaction. The third group promotes the reaction
regardless the presence or absence of RFC. It is
conceivable that the point would be an ability to form the
trimer, and that these phenomena are due to an extent to
weaken the ion pair network. That is, if the trimer
structure is too firm, the reaction would not progress
without aid of RFC., If the ability to form the trimer is
lost, PCNA would lose ability to work as the clump. It is
thus speculated that the state where the trimer structure
is appropriately loosened to an intermediate level would be
important for promoting the enzyme activity in the PCR
reaction.

[0204] It is conceivable that the ability to form the
trimer in an effective manner for promoting the enzyme
activity in the PCR reaction is realized by causing the
charge repulsion to the ion pair network in the interface

between the monomers. It i1s also conceivable that the
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pol ymerase 30 Pyrobest DNA pol ynerase is a heat

resistant a type DNA polynerase derived from

Pyrococcus sp. and having the 3 --> 5" exonucl ease
activity. [0208] The PCR reaction solution having the
conposition 73 recomended i A2t he instructions by the
manuf acturer was used except that PCNAL3 was added to

the solution. The reaction buffer (10x Pyrobest

Bufihyr lils carpull idshed c16eme0 sindeen + hEAKABA %b@pb@@tﬁre by
attached to the product was 5 used as the buffer.
ARGS9 6 10He PRER Me&H0Tdn Whé@lhutllsoﬁumoé;ﬁ@wﬁo

I 0 ki on u

Sl KOO TRl SO 0T G Bpchanion,

12 @@ebuuﬁtﬁdrwaﬁd %haﬂmepllﬁbtﬁoﬁMreéﬁﬁ1mn|hsteﬁbated by
everse Pr.i mer L.0.2M % O nol/ L Pyr obest %

RS SRR R t&‘ﬂT rN/I“B‘?I( SPSRVLAIPG LS e&&ﬁ)"aWP&b g the

B @ 2aka t0 Y28 Lin Pairy BT @ge h(lg;hcl/ tehpBERALS oS ghukhen
or 0.3L O or 0.6ng/L buffer 2) erile water 38.2 L
tetidiiagdo denaturation step of the cycle.

[G205] The effect of adding them to the PCR reaction
system was examined as to the eleven mutants. Those which
exhibited the promotion effect not depending on the

addition of RFC were three mutants, PCNA1l3 (D143R), PCNA70

. (D143K) and PCNA77 (D147R), and among them, PCNA13

exhibited the strongest overwhelming amplification effect.
It was also observed that simultaneous addition of REFC
appears to have tendency to rather reduce the amplified
amount.
[0206] 2.2: Effect of PCNAl3 on various DNA polymerase
for PCR

Based on the aforementioned results, PCNAl13 having the
particularly excellent nature among wvarious PCNA mutants
were further examined as to the effect of adding the same
to the PCR reaction system using commercially available
seven DNA polymerases for PCR. Specifically, the PCR
reactions with a variety of extension time periods were
performed for two or three target sequences having the
different amplified length, and the effect of addiing PCNA
13 thereto was examined. |
[0207] 2.2.1: Effect of adding PCNA13 to Pyrobest DNA
polymerase

Pyrobest DNA polymerase is a heat resistant o type
DNA polymerase derived from Pyrococcus sp. and having the
3" =--=> 5" exonucleasé activity.

[0208] The PCR reaction solution having the composition




1) The conbination of the forward priner and the
reverse prinmer is changed depending on the length to
be anmplified. 5 For the conbination of the priners,

see Tables 8 and 9. 2) Neat concentration of PCNA 13;
100ng/ L, Buffer; 25mM TrisC73%H8.0, 50mM NaCl, 50%

A ycerol 10 [0210] PCR reaction program In the case

of 2 kb anplification 94C for one mnute --> (98C for
@e%%%%gl%led' :in6%ge f:l_ﬁ tguétlg:nszbg' @ng}naﬁgfg}é‘f:h%%r was
bei ng kept at In the case of 8.4 kb anplification
ﬂ56@4GXD@ptom@a¢|ﬁ@Né13 waE98Cdkor th $960ﬁdéut1§n68CThe

aQr 30, cycl ept .at _4C
ek oba By et bR b vIRkREr Blictsr okc forihathed
Hofplo it-ion( 98EKhan BI1secands atratded fc@r tBe ProBuct was
mnutes) 30 cycles --> being kept at 4C 20 [0211] .
BISEek @@pﬁ&eeé’uéF Lefrt er TESNFOBPPRE tire PERTIS ECH: regckion
é&T@t&%nbﬁff%hoﬁﬁ bgggmcerol 50% bronophenol bl ue
% Xyl ene cyanol 0.4% was added to and m xed with

50 L of the PCR reactlon sol ution, and a specific
anmount of the m xture corresponding to 10 L of the

PCR reaction solution was 5 then subjected to 1%
agarose gel electrophoresis. As the electrophoresis

mar ker, | anbda/styl marker (Toyobo Co. Ltd.) was

used. The results are shown in FlGs. 14 to 16 which

are grouped according to the size of the anplified
fragment. 10 [02121 Sunmary In the case of 2 kb
anplification As showmn in FIG 14, the pronotion of
the reaction by the addition of PCNA13 was obvi ously
recogni zed when the extension tinme is 0.5 or one

m nute. Wth the extension 15 tinme of 2 mnutes, the
reacti on was al nost saturated, but
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it was observed that the anmplified amount was slightly
| arger when PCNA13 is added. [0213] In the case of 8.4
kb amplification As shown in FIG 15, no effect of
addi ng PCNA13 was 20 observed with the extension tine
of 2 mnutes, but the pronotiédn effect by the
addi ti on was observed with the extension tinme of 3.5
or 5 mnutes. [0214] In the case of 15.8 anplification
wn in FIG 16, no effect of addi ng PCNA13 was
25 observed with the extension tinme of 2 m nutes, but
ﬂﬁ@lepﬂ@notlon ef fect by the addltlon was obser ved

ot Aol e

rn21

8 Ii ATTITIST UNM MIC | bu \PA AR RN CCSe [[YUZT
?Oﬁ)ﬁ’s Eflfoect of addi ng oaﬁéjﬁchlf:%gi%; ration
qu \l/—\r\/-\rv-\ DIUI S o fredat—1 /”

E ymer ase haV|ng thék%gu--> 5' exonucl ease

%trlw\élr{jy Pﬂlﬁl@%m reqdi g achi, gLy) ndgr—tte—opdi ﬁly

RGI diyghyoms, TaKaRa Taq can realige the nore
m&%@@%ﬁwmmw AP TCA oG
a

ghbfopgicgnay,yakd 76 ljower error rate than conventio

Tag @y&o@@bynerase. [0Z2I6] &pe PCR reag¢tion sol Uiy on
bavfifeg (Chfe conpositiion reconmended in the

idNger Mdti qas 5byr t he [manuf act uper was — used except 2hiat
BGNA)13 was added to the solution. The % reaction

FyirbeestODYAEX Taq buffer (R@3M My 2+ plus, 0.0250/uL
Fopwbkeirsked (60rpdsi i on, TAKARA BIO INC|) attached to

FREALgr @&utlwasomsed as thé.BukLfer. The cofposi Di.éng/ulL
ot fiflpas reactiom solution is shown below. 77

B@gxlﬂeTﬂbW@rll Conposi ti o3 mnint to be added Fina

gefigdnt ration__Lanbda DNA 1.5BL 0. 5ng/ L

1) The combination of the forward primer and the reverse
primer is changed depending on the length to be amplified.

For the combination of the primers, see Tables 8 and 9.

2) Neat concentration of PCNA 13; 100ng/ul, Buffer; 25mM
TrisCl pH8.0, 50mM NaCl, 50% Glycerol

[0210] PCR reaction program

In the case of 2 kb amplification

94°C for one minute --> (98°C for 5 seconds --> 68°C
for 0.5, 1, 2 minute) 30 cycles --> being kept at 4°C
In the case of 8.4 kb ampiification

94°C for one minute --> (98°C for 5 seconds --> 68°C
for 2, 3.5, 5 minutes) 30 cycles --> being kept at 4°C
In the case of 15.8 kb amplification

94°C for one minute --> (98°C for 5 seconds --> 68°C
for 2, 5, 6, 7 minutes) 30 cycles --> being kept at 4°C
[0211] Electrophoresis

After completing the PCR, 5 pL of 10 x loading buffer
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(20 n/ L) Forward Prinmer 0.5L 0.2M (20 nol/ L) 1)
Reverse Prinmer 0.5L 0.2M (20 nol/ L) 1 OX Ex Tag
buffer 5L Ix (20mM M 2) dNTP M x (2.5mM 4L 0. 2nM
each) TaKaRa EX Taq 0.251piL 0.025U L (5U L) PCNAl13
solution or 0.5L O or ing/L B&Gffer 2) Sterile water
38 L Total 50 L 1) The conbination of the forward
prinmer and the reverse priner is changed dependi ng on
t{;&ﬁ;}@é}gﬁh 3% D& AIPH RS bfhé:CU 44",6 KA, 10f0 . a5
the prinmers, see Tabl'es 8 and 9. Neat”™ concentration
(ﬂaé%ﬁ@ﬁéﬁ1xiQﬁﬁgmuxdﬁﬁﬁﬁﬂh QﬁﬁﬁldﬁWﬁﬂa U8 .r@a Ao
%éi 5096C3ycerol :40218 PCR reaction program In

'ofa I?osé?ﬁﬂ% i anBH AL e FHettiTute - - >

d r 3, 68C for Osec nds

(égg%%ég one q%h?é%*&b Cyche P Hﬁ% gé%utlo was

secon m nut es

-therbeiulg) detid alo 4G Haydxkd]gdIn etlr&&mdifes&sﬂc kKlas the
anpl i fi catl on 94C faor one m nute --> (98C for

phoreges magker.s 1apbdg @tk a9r ey dyay@éoo. Go.y

fyor. te t 2Q], |
(AS D00 D s E r Gr2 20 1 1

which are grouped according to the size of the amplified

fragment.
[0212] Summary
In the case of 2 kb amplification

As shown in FIG. 14, the promotion of the reaction by
the addition of PCNAl13 was obviously recognized when the
extension time is 0.5 or one minute. With the extension
time of 2 minutes, the reaction Qas almost saturated, but
it was observed that the amplified amount was slightly
larger when PCNA13 is added.
[0213] In the case of 8.4 kb amplification

As shown in FIG. 15, no effect of adding PCNAl3 was
observed with the extension time of 2 minutes, but the
promotion effect by the addition was observed with the
extension time of 3.5 or 5 minutes.
[0214] In the case of 15.8 amplification

As shown in FIG. 16, no effect of adding PCNAl3 was
observed with the extension time of 2 minutes, but the
promotion effect by the addition was observed with the
extension time of 5, 6 or 7 minutes.
{0215] 2.2.2: Effect of adding PCNA13 to TaKaRa Ex Tag

TaKaRa Ex Tag (TAKARA BIO INC.)'is a heatr resistant
DNA polymerase having the 3' --> 5' exonuclease activity
{proof reading activity). Under the ordinary PCR

conditions, TaKaRa Ex Tag can realize the more highly

sensitive PCR with higher amplification efficiency and




94C for one mnute --> (98C for 5 seconds --> 68C for
3.5, 4, 5 mnutes) 30 cycles --> 72C for 10 m nutes --

> being kept at 4C [0221] El ectrophoresis 5 After
conpleting the PCR reaction, 5 L of 10 x [ oading

buffer (glycerol 50% bronophéhol blue 0.4% Xyl ene
cyanol 0.4% was added to and m xed with 50 .xL of the
PCR reaction solution, and a specific amunt of the
mo&@&r%rf@qr&Q%EOQQbﬁgcbgv%%t&oghltﬁgqpﬁﬁargaqyme@ase
solution was 10 then subjected to 1% agarose ge
d10&dttrlophoffési FCRArepls 1ol eeludplenr Bsivéngatker composition
I I rker : e
L g
msemwémm@ptothhe PCHRA OB whe amﬂbuftedthérag&amuon15 The

0222]. Su ry the case of 2 kb a I|f|ca54

e iR Barery Lo} o fot8 a0 buTEs a 1aP! Pl anm Ut

g UHRaGheN coale s ibhe @ﬂ@mkao@I@fIH6N$1§tW@%hed to the
obvi ously recogni zed with the extension tine of 30

PEOGwEE aR¢ 4520 asesbrddbuiierh t Abeexvaroénionmefofthe PCR

t reac a iped to saturation
%EgégyﬁgsgbéF@ﬁﬁn qugbgan %%? %b addition, and it is
found that the anplified anbunt when PCNA13 was added
with the extension tinme of 40 seconds is close to the
saturation of the reaction. 25 [0223] In the case of
8.4 kb anplification As shown in FIG 18, with
extension tinme of 1.5 and 2 mnutes, the increase in
anplified anount and reaction rate by the addition of
PCNA13 was obvi ously recognized. Wth the extension
time of 3 mnutes, the reaction attained to 30
saturation regardl ess of the addition or no addition,
and it is found that the anplified anount when PCNAL3
was added with the extension tine of 2 mnutes is
close to the 79
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saturation of the reaction. [0224] In the case of 15.8
kb anplification As shown in FIG 19, wth extension
time of 3.5 and 4 mnutes, the increase in anplified
anount and reaction rate 5 by the addition of PCNAL3
was obviously recognized. Wth7the extension tinme of 5
m nutes, the reaction attained to saturation

regardl ess of the addition or no addition, and it is
fagndyjt hat the anplified amount when PCNA13 was added
wth the extension time of 4 mnutes is close to the
Tbsla G{latlon of the reaction. [0225] 2.2.3: Effect of

4 WAV PSP\

cﬁ\tilld);ﬂmar ase |; :91: ;;Izyms ﬁfﬁor IL)ElgcﬁécIa%ﬁd\jegld ;‘#ir?ﬁé\

géygentnat;qp
TP HE, Thernmogoccus rs—and s i
NEWh gt FNGLAND Bi o |Labs. %)2%%‘?1 Upon eval uat i on ?‘f]

R W84C [HAR30! UtT g having,_ sy fe Stamdgrd (,Ullp(bblzluMun
VWaDpAead e¥cept thatl PCNAL3 was added tjo the

Slwdds@n . prifR@F eactijon bul T @F, 50X TheroPol  ReA
Bt /200 M Tri s-|HCL, 100 (NH4) 2504, 100 M 20

KCK E20 T Mg$@er 1% Triton Xui00, pH 8.§, at 25C)1x
at2tapher® t o t he prqduct was used as thg buffer. The

cifroHitd 012 .GkaM t he [PCR reactdiwpn sol utign i s showemM
eladny. 80 [0227] Table 12 Conposition Amount to be

dgdeRaFiBXalTagconcent|rati on 0 Lasdida DNA 1. 25L @..D2fU/uL
(2O WL)L) Forward Priimer 0.5L 0.2M (20 |nol/ L)

E@W@ﬂ§espdm¢apn005L 0.2M (205@bl / L) 0 or 1ng/uL
puffer #

Sterile water 38uL

Total 50ul

1) The combination of the forward primer and the reverse
primer is changed depending on the length to be amplified.

For the combination of the primers, see Tables 8 and 9.

2) Neat concentration of PCNA 13; 100ng/pL, Buffer; 25mM
TrisCl pH8.0, 50mM NaCl, 50% Glycerol

[0218] PCR reaction program
In the case of 2 kb amplification

94°C for one minute --> (98°C for 5 seconds --> 68°C
for 30 seconds, 40 seconds, one minute) 30 cycles --> 72°C
fqr 10 minutes --> being kept at 4°C
[0219]
In the case of 8.4 kb amplification

94°C for one minute --> (98°C for 5 seconds --> 68°C
for 1.5, 2, 3 minutes) 30 cycles --> 72°C for 10 minutes —-
> being kept at 4°C
[0220]
In the case of 15.8 kb amplification
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| OX ThernmoPol 5L I x Reaction Buffer dNTP M x (2.5mM

4L 0.2mM each) Vent DNA 0. 25L 0.01U L Polynerase

(2U L) PCNA13 solution or .0.3L 0 or 0.6ng/L buffer

2) Sterile water 38.2 L Total 50 L 1) The comnbi nation
of the forward primer and the’8everse primer is

changed depending on the length to be anplified. 5

For the conbination of the primers, see Tables 8 and

9. 2) t ngept of LP ff °
st 0o P PR FREeR, R PR ey Cora o oo
RGR react iQn PhEghass)| ot I&q;cqczla%e —04‘> 2/2kb for 10 minutes --
anplification 95C for 2 mnutes --> (95C for 30

Sedwnidgy kepth®C 4°6r 30 seconds --> 72C for 5, 15, 30

S s) 3 les - ->.72C for 10 mnutes --> being
ngﬁﬂgt 4C%¥§%{ PIEFihe case of 8.4 kb
anpl i fa fs or 5Cf
Son L Gl 1) IS en G300 g, 3, 10,

moagties) B eyl @ﬁycezol7$©afomrhmqph@mmdsb&un @eMﬁg Xylene

kept at 4C [0230] El ectrophoresis 20 After conpleting
tOdfémrﬂéROr ddot i, asidedhior@nd Migwd mg Hulepl of the ECR

r ol I
(Ghntg) S omleaclbie & S g1 4, migcor
E@%rersgﬁﬁidlm $Q utg @, odndna mlﬂéa@tqmursbmftlbhe was
m xture correspondlng to 10 M. of the PCR reaction

$ham ispplees-ed fén ISubidecrse Well Bisgdrephogelsis. As the |

| ‘?a'l%b%g:’r%?hﬁrr%% i% o (ﬁ?'}e %aﬂ%o%%t/s%w L8 B Yobo Co.,

oyobo

" Ltd.) was used. The results are shown in FIGs. 17 to 19

which are grouped according to the size of the amplified

fragment.

102227 Summary

In the case of 2 kb amplification
As shown in FIG. 17, the increase in amplified amount

and reaction rate by the addition of PCNAl3 was bbviously
recognized with the extension time of 30 seconds and 40
seconds. With the extension time of one minute, the
reaction attained to saturation regardless of the addition
or no addition, and it is found that the amplified amount
when PCNAl3 was added with the extension time of 40 seconds
is close to the saturation of the reaction.
[0223] In the cése of 8.4 kb amplification

' As shown in FIG. 18, with extension time of 1.5 and 2
minutes, the increase in amplified amount and reaction rate
by the addition of PCNA1l3 was obviously recognized. With
the extension time of 3 minutes, the reaction attained to
saturation regardless of the addition or no addition, and
it is found that the amplified amount when PCNAl3 was added

with the extension time of 2 minutes is close to the
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Ltd.) was used. The results are shown in FIGs. 20 and
21 which are grouped according to the size of the
amplified fragnent. [0231] Summary 10 In the case of
2 kb anplification As shown in FIG 20, the pronotion
of the reaction by the addit7®dn of PCNA13 was

obvi ously recognized with the extension tine of 5
seconds and 15 seconds. Wth the extension tine of 30

SRGNES.i dhhe i eaet r@RWasnal nost 15 saturated, but it
was observed that the anplified anobunt was

néd@dilhel eds shieglkelsg lodr dér- 8i kbt haprdadacetiandi ng

PCNAL3. .n e se 8. it cati.o
shown%sn%%%é%]ik,F?Eé §§én§3&8neeF?§€ gﬁa%%h%f%gdg'ggand 4
arfouwttes,r ehet ioareate) iby ahipé idddid capunwas zabdseevedion rate
the _extensign tine was_l, 3 or 5 mnutes. [0233] ,

P¥o the pOfadt-o8t 4dEFNG IPCNAE3 Py 18885 YV EREOBRAZSD-  With
ROleY 232 1BRCR i ¥eNb rONARelYRRN asec( NeW-ERghaRdtained to
Biolabs) is a 25 heat resistant DNA pol ynerase

dertinred ionomeRprddecsust $peciadditBopl oxndohaddikeos, and
--> .5 u S ctivity. U e [

i RO DA SButIon ATChg T LS BadArHrLS Ads added
cdmposihiel extwas ivaediaecemt 4t RahuPENAL3 wasseaddedhto

the soluytion. The reaction buffer (10x ThernoPol 30
REAUFPSH OBuPLe N S2662 M PFi*s- HCL, 100 MM (NH4) 2S04,

100wy KOb, 228 : mMeWiSO4 o £1 %l OB ciat 80 oPlleB 8 prat

25C) attached to the product was used as the buffer.

Plod ymeamsesi ti on of the PCR reaction solution is shown

bel owy 82 phA2p3h Ja0LEc1d CapPas\han AIPURk 12:8ea rrom
added 'Eimal” “cSRCERt T At on

thermeophile, Thermococcus I1itoralis and distributed by NEW

ENGLAND Bio Labs.

[0226] Upon evaluation, the PCR reaction solution having

 the standard composition was used except that PCNAl3 was

added to the soluticn. The reaction buffer (10x ThermoPol
Reaction Buffer; 200 mM Tris-HC1, 100 mM (NHy)2304, 100 mM

KCl, 20 mM MgSO,, 1% Triton X-100,pH 8.8, at 25°C) attached
to the product was used as the buffer. The composition of

the PCR reaction solution is shown below.
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Lambda DNA 1.25L 0.5ng/L (20n / L) Forward Priner |L
0.4M (20 nol/ L) Reverse Priner 1L 0.4M (20 nol/ L)
| Ox ThernmoPol 5L I x Reaction Buffer dNTP M x (2.5mM
4L 0.2nmM each) Deep Vent DNA 0.5L 0.02U L Pol ynerase
(2U L) PCNA13 solution or 0.80 0 or 0.6ng/L buffer
2) Sterile water 36.95 L Total 50 L 1) The

conmbi nation of the forward priner and the reverse
proawer is changed depending on the length to be
amplified. 5 For the conbination of the prinmers, see
Tatles 18 and 9. 2) Neat concentration of PCNA 13;

A A Nl

g?%{ By e 25N s G B g S —56%
yé%%tl? [ 0236] F’é}l—\P Orldeﬂa%tkﬁl Ooﬁ_ra:)ag%eaﬁrjn \iih %&}& - GASE,

c " - . . Il
q_'!' H'é)d%p ]ﬁdﬂ)l rfircatignm 95C 9'2? 1” nutes L/S T, L
3((%1 QAgds --> 55C |for 30 seconds --> 72C for 0. ES/LLL

Forwd A H8%e 30 CYCTES -3 Fg for 10 M NUTES g 7hM
belopgndenir)at? 4C 15 ][ 0237] In the case gf 8.4 kb

FPidddeCaldiarO5C Tqr 2 m nui.&usr -> (95¢ Tor 300, 2uM
seopads. A4gy 35C forl 30 seconds --> 72C|for 5, 7,

moxtermid®adycl es -[-> 72C 5, 10 mi nutjes --> Dbeigrg
Repictatod BUf¥238] El|ectrophoresis 20 Aftler conpl eting

N EPER x g&ctsmdh, 5 (L of 10 »ull oadi ng Quffer 0.2mM
(edlojger ol 50% brondphenol bl ue 0.4% Xyl ene

Vent DNA 0.25uL 0.01U/uL
Polymerase (2U/ulL)

PCNA13 sclution or 0.3uL 0 or 0.6ng/pL
buffer

Sterile water 38.2uL

Total SOuL

1) The combination of the forward primer and the reverse
primer is changed depending on the length to be amplified.

For the combination of the primers, see Tables 8 and 9.

2) Neat concentration of PCNA 13; 100ng/pL, Buffer; 25mM
TrisCl pH8.0, 50mM NaCl, 50% Glycerol

[06228] PCR reaction program

In the case of 2 kb amplification

95°C for 2 minutes --> (95°C for 30 seconds —~-> 55°C
for 30 seconds --> 72°C for 5, 15, 30 seconds) 30 cycles -
-> 72°C for 10 minutes --> being kept at 4°C
{0229] In the case of 8.4 kb amplification

85°C for 2 minutes --> (95°C for 30 seconds --> 55°C
for 30 seconds --> 72°C for 1, 3, 5 minutes) 30 cycles -->
72°C for 10 minutes --> being kept at 4°C
[0230] Electrophoresis

After completing the PCR reaction, 5 pL of 10 x
loading buffer (glycerol 50%, bromophenol blue 0.4%, Xylene
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83 cyanol 0.4% was added to and mixed with 50 L of
the PCR reaction solution, and a specific anmount of
the m xture corresponding to 10 L of the PCR reaction
solution was then subjected to 1% agarose gel

el ectrophoresis. As the 5 el eetrophoresis marker,

| anbda/ styl marker (Toyobo Co., Ltd.) was used. The
results are shown in FIGs. 22 and 23 which are

j%HlQﬂd r [ | icf,
19{agmnt@qﬁngjﬁwgwﬁoiﬁaﬁnﬁlhﬁgg@oédZ%E'b of the PCR
amgadtficcatscdmtAsrsheand ian sEle@i 22, arveirgr @fottihen mdfkture
the reaction by the addition of PCNA13 was obvi ously
[FEFFRPAAE et HE  Hdx t0dn dihen ECRng siastd.on, splytipn was

r@H@H &b \é'étjéot h:% ot % I%%e Rg'e'Ie gTec%glph%tre%d_st heAs the

react i on Was sat Ur ate regar dlI"ess t’i on
&l ek ragdlictaesi,s matr kietr mﬂsnﬂo&ﬂaﬂ&ﬂﬁiatnatrh@r AMmalyicdkicedo. ,

t when P vvasa dW|th he extension _tine
I R e cAtoo S &t MO ST vl B ey Shdl 21
sativratet o2l Ia&ddml%@SQoofth% 4 ikl 3mhiHd eaeFied
20 As shown in FIG 23, the pronotion effect

EHAFISfited anpunt, reaction rate) by the addition was
qlserved Wg%;'?rﬂatth extension tinme of 5, 7 and 9
2.

mnutes 5: Effect of adding PCNA13 to Pfu
Fmrkt@eDN&sep@Ifyﬂem@san%iEﬁ@aﬁim DNA pol yner ase

(Stra agene i S a ontai ning a heat resistant
st S e o PSR GREEISE P (Heug SRELROn bY

&'hea@@ldﬂt@.@ﬁh' oEC@dN@@@t Wl oR&EANH HedoReleed Wi@nathe
ArchaelMaxx (registered trade nanme). It is known that

@E}‘Fpnéé@@s%mel P Iprodecea cguringg 130 Sﬁﬁ?@nﬂ@R r #achi ghe
Ifeg(j}ltegl II‘SHI%O egr ggfr? %e%n t’ﬁteg?l%w%é:élcg I’:{.%%g Wa SI %l%OSt
prévgrited, heuRCRtr eact oz eirver hdiartg tiheh |ahiptlel<f 1te¢d amount
was nevertheless slightly larger in the case of adding
PCNA13.
[0232] In the case of 8.4 kb amplification

As shown in FIG. 21, the promotion effect {amplified
amount; reaction rate) by the addition was observed the
extension time was 1, 3 or 5 minutes.
[0233] 2.2.4: Effect of adding PCNAl3 to Deep vent DNA
polymerase

Deep vent DNA polymerase (New England Biclabs) is a
heat resistant DNA polymerase derived from Pyrococcus
species GB-D1 and has thé 3' ——> 5' exonuclease activity.
[0234] Upon evaluation, the PCR reaction solution having
the standard composition was used except that PCNAL3 was
added to the solution. The reaction buffer (10x ThermoPol
Reaction Buffer; 200 mM Tris-HC1l, 100 mM (NHg)2S04, 100 mM
KC1l, 20 mM MgSO4, 1% Triton X-100, pH 8.8, at 25°C)
attached to the product was used as the buffer. The

composition of the PCR reaction solution is shown below.
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result in enhancing the PCR reaction efficiency. 84
[0242] Upon evaluation, the PCR reaction solution
having the standard conposition was used except that
PCNA13 was added to the solution. The reaction buffer
(1 Ox Coned Pfu DNA pol ynera8e reaction buffer; 200
mM Tris-HCL (pH 8.8), 5 100 nm (NH4) 2S04, 100 mM KC1,
20 MM MgSH4, 1% Triton X-100, |Ing/nL BSA) attached to
tfpe 3yjoduct was used as the buffer. The conposition
of the PCR reaction solution is shown below. [0243]
Tahle 148 Conposition Amount to be added Final

i S af‘;ﬁwwﬁ,Jot%caevgﬁ;gmj%

G bk PMa (20 Mot L) O Pfu—DBNA—SE
peloyEnase reaction |Buffer dl\ﬁ% X (2.9nmM 4L EW“L

8RGH)a 1l Priwa20 DNAIL 0. 0504l 1 Potymerase (2- 5@' Y

| RO 159yt itbn or Q.3L 0 or 0.6ng/L byffer 2)

Hebfddse Walieler37. 45 |L Total 1p@ L 10 I) [The 0. 4uM
c@pinat/ipen 6f the florward priner and tHe reverse

AoxTahdracddanged dgpendi ng @mifhe Tengtlh to be 1x
Repldtfiiced Buffer

dNTP Mix (2.5mM dpL 0.2mM
each)

Deep Vent DNA 0.5uL 0.020/pL
Polymerase (20/ulL)

PCNA13 solution or 0.3uL 0 or 0.6ng/uL
buffer 2

Sterile water 36.95uL

Total 50uL

1) The combination of the forward primer and the reverse
prlmer is changed depending on the length to be amplified.

For the combination of the primers, see Tables 8 and 9.

2) Neat concentration of PCNA 13; 100ng/uL, Buffer; 25mM
TrisCl pHB8.0, 50mM NaCl, 50% Glycerol

[0236] PCR reaction program

In the case of 2 kb amplification

95°C for 2 minutes --> (95°C for 30 seconds --> 55°C
for 30 seconds --> 72°C for 0.5, 1, 2, 3 minutes) 30
cycles --> 72°C for 10 minutes --> being kept at 4°C
[0237] In the case of 8.4 kb amplification

95°C for 2 minutes --> (95°C for 30 seconds --> 55°C
for 30 seconds --> 72°C for 5, 7, 9 minutes) 30 cycles ——>
72°C for 10 minutes --> being kept at 4°C
[0238] Electrophoresis

After completing the PCR reaction, 5 pL of 10 x
loading buffer (glycerol 50%, bromophencl blue 0.4%, Xylene
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For the conbination of the prinmers, see Tables 8 and
9. 2) Neat concentration of PCNA 13; 100ng/L, Buffer;
25mMV Trisd pH8.0, 50mMM NaCl, 50% d ycerol 15 [0244]
PCR reaction program In the case of 2 kb
anplification 95C for 2 ninut&s --> (95C for 30
seconds --> 55C 20 for 30 seconds --> 72C for one

m nute) 30 cycles --> 72C. 85 for 10 mnutes -->

bejargp keptd et wiG [RRAR] da dhe rciasel afitdh ‘de?.tL of the PCR
anplification 92C for 2 mnutes --> (92C for
SEEsHdOn

L .80155@ orfrprangh & eRefdsf ic RB80H mf sthm mitgsire

seconéfoi@‘n& go g‘]‘{n%:'ﬁﬂ g’ﬁ ?-P n%&f%&%&y&was

@ﬁrﬁ%ubj%dlﬂ&g:d(qg rHee [R24Q1 ddt A 258 LOf h
%5318 kb arrpllflcatlonagjzac (;ar gQizjhm nutes --> (92 CforAS the

nesst%ﬁ@rlﬁeérr é@ﬂé?éﬂ@dml margRe f(Gloypdo Co.,
fHhes)a 1 Q QYL ey 3 3H%J‘yhdw% seconds -3 G 23
for :3 éfor 155

0 seconds --> 68 mnut e
SEdod ey dreur2ll eyclogsl ing toeithg lsarzte atf 4Ge [@Adfied
l%l %%é_‘r%%horey s After conpleting the PCR reaction, 5 L
ot | oadi ng buffer (glycerol 50% brom)phenol
lozes ). 4% s¥wdmerey 15 cyanol 0.4% was added to and
mxed wwth 50 L of the PCR reaction solution, and a
FPedle Cagro@dt 2oikbr REPRLEigaE 1osor respondi ng to 10 L

of th%spgﬁo&gl95'@%Gsob§t'%ﬂeﬁ§§0ﬁgQig :% J%%%g%gé%g%éh by

agar ose gel ectrophoresis rop
frlck eddiftamind affs PENATEr kers @E@ﬁ@b@l@Orecoaﬂlhbd Whe@as the

024 S h [ FI G
SRERBEROR GhBna e Bade: dnoE & BLBigoEne FiGRekSE Grtension

th&ea6E|Bfm&ﬂuﬂﬁﬁvnﬁh@yrb@%tléﬂdhbboﬁaﬁﬁrg@@él§e@§Eeless of
%%Zegé%?tﬁgnag¥ igzgdgiggkgfdbut it was found that the
amplified amount when PCNA13 was added with the extension
time of 2 minutes indicated that the reaction was almost
saturated.
[0240] In the case of 8.4 kb amplification
As shown in FIG. 23, the promotion effect (amplified

amount, reaction rate) by the addition was observed with
the extension time of 5, 7 and 9 minutes.
[0241] 2.2.5: Effect of adding PCNA13 to Pfu Turbo DNA
polymerase |

- Pfu Turbo DNA polymerase (Stratagene) is a product
containing a heat resistant DNA polymerase derived from
Pyrococcus furiosus with an additional PCR reaction

accelerator referred to as ArchaeMaxx (registered trade

name). It is known that dUTP accessorily produced during

‘the PCR reaction inhibits the PCR reaction. ArchaeMaxx

Factor is a factor to degrade dUTP, and the addition of
this prevents the PCR reaction from being inhibited to

result in enhancing the PCR reaction efficiency.



25 thée PCR reaction. [0249] 2.2.6: Effect of adding

PCNA13 to KOD DNA pol ynerase KOD DNA pol yner ase

(Toyobo Co., Ltd.) is a DNA polynerase derived from

an ul trathernophilic 30 archa Eacterium

Ther nococcuskodakar aensi s K strain, and has PCR
fidelity about 50 tinmes higher than Taqg DNA 86

pol ynmer ase because of having the strong 3" --> 51

ebidriZd| eas&pact iewiatlyatgoasf thea®ORg raetitiiony soilmtion having

dition . to the pol.ynerase activity. Enz \
B et 2 L g B b SR o SR
dideleid et etheComTRAGIo.| Y Thel @6 tq chave rFeew (@xikensioadd Pfu
rate, but this enzynme has the very fast extension
Pake RRHIYER P8 CaBEGC thpnc Bufdser 208amM Trae-5F1TdgHDRAS) /
HQkNﬂEJ%%@u)Eﬂ%§’1%bgﬁhykﬁgﬁu?%tﬁmp span 19€rriton x-100,
perforned in“a short period’of tine Gsing this enzyne.
[1oR50[L Bsén evdlgieidono the BERJuedcwiasn usekukisotthe buffer.

~having_10 the sta d osi tion_was .used _excep

0% ekiRes hel Sater E0R Resssngn onlbHen dacengin belov.
hufzfse1 (10x PCR buffer #1;1.2M Tris-HC1 pH 8.0, 60 nV
&NH4)ZSO4, 100 mM KC1, 1% TritonX-100, 0.01% BSA or
TeplsCcR4uf fer #2; 1.2M Tris-HCL pH 8.8, 60 nM

] 10U T1TIVI KL A0 T T4 AL - U. 01O DOA)
gteit gchggpiiog the pr och%\g:ntoJaV\f/%ts tl?se‘Esl gﬁéh’de kg?x}géntr%on
Gl D@ of The PCRTEat] IRy 50t Uti Off TS SNeWe g /T,
helogw./nr)0251] Tabl e 15 Conposition Anmoynt to be adJéd
FoflardCPRGGBET at | on  Lanbdg ., T250 0. 5ng7i T ol 2Ry /
L{p Obaowad) PR mer 1.)25L 0.5M (20 nol/ L) 1) Reverse
Reiviaeeisel P2Z5he@. 5M 0.5uL 0.2uM
(20pmol/pL) Y

10x Cloned Pfu DNA SpL 1x
polymerase

reaction Buffer

dNTP Mix (2.5mM 4uL 0.2mM
each)

Pfu Turbo DNA 1pL 0.050/pL
Polymerase

(2.5U0/uL)

PCNA13 solution or 0.3uL 0 or 0.6ng/pL
buffer

Sterile water 37.45pL
Total 50pL

1) The combination of the forward primer and the reverse
primer is changed depending on the length to be amplified.
For the combination of the primers, see Tables 8 and 9.

2) Neat concentration of PCNA 13; 100ng/pL, Buffer; 25mM
TrisCl pH8.0, 50mM NaCl, 50% Glycerol

[0244] PCR reaction program

In the case of 2 kb amplification
95°C for 2 minutes --> (95°C for 30 seconds --> 55°C

for 30 seconds --> 72°C for one minute) 30 cycles --> 72°C.
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(20 mol/ L) 1) I Ox enclosed 5L | x Buffer #1 or #2 2)
dNTP M x (2.5mM 4L 0.2mM each) 25nM M C12 2gL i nM
KOD DNA Pol ynerase 0.28L 0.014U/ L (2.5U L) PCNA13
solution or 0.3L O or 0.6ng/L_ buffer 3) Sterile water
36.67 L Total 504L 1) The co®dination of the forward
prinmer and the reverse 20 priner is changed dependi ng
on the length to be anplified. For the conbination of

tfg A &arrmte%ee-ﬁawe%gff@%% At §Bc 2) | Ox enclosed
Buf fer #1; 2kb, #2; 8.4Kb, 15.8kb 3) Neat

dé¥dért r at ilon thfe PEN& 1F; 81@0&:@/ lanpBuffiiert 125mv
Trisd_ pH8. 0, 50mv Nadl, 50% G cerol 5 [0252] PCR .
react | 8n pﬁegr%nﬁuwt?ﬁe casé96fC 2L up ]aQ‘rpfﬁqCPrt%‘ii"rP 55°C

C 10 °
tor 33 SBRHS SG Spirenor. B hs BT auple s (o2
being o 1Rl at—>4<§5[°@2§§L 80 LBEorase-of 84 k]«ifblarm
15. 8 kb anplification 94C for one mnute --> (98C for

0 rseeends 1-0- 3eaBadsl/@ycd an nut @5)k13Q el eeing> kKEPE at 4°C
for 3 mnutes --> being kept at 4C 15 [0254]
@qgéﬁﬂophoﬂ€sﬁ§¢AFP§@ @@ﬁ&ﬁeﬁlﬁ@ eFeLp C@é&@@ion 5 L

of 10 oadi buf { glyeeral 50%, bromop nqL_ 0

bl ue 6235 2881 2rmoMEs &R0t T6 58 e R T Tk etp
Wddrh 390 sle Rfndishe BCBgec for 15 minutes) 10 cycles --> (92°C
for 10 seconds —-> 55°C for 30 seconds --> 68°C for 15

minutes + 10 seconds/cycle) 20 cycles --> being kept at 4°C
[0247] Electrophoresis

After completing the PCR reaction, 5 pL of 10 x
loading buffer (glycerol 50%, bromophencl blue 0.4%, Xylene
cyanol 0.4%) was added to and mixed with 50 pL of the PCR

reaction solution, and a specific amount of the mixture

corresponding to 10 pL of the PCR reaction solution was
then subjected to 1% agarose gel electrophoresis. As the
electrophoresis marker, lambda/styIl marker (Toyobo Co.,
Ltd.) was used.
[0248] Summary

As shown in FIG. 24, the promotion of the reaction
rate and the increase of the amplified amount by the
addition of PCNAl1l3 were observed in any size examined in
the PCR reaction.
[0249] 2.2.6: Effect of adding PCNA13 to KOD DNA
polymerase

KOD DNA polymerase (Toyobo Co., Ltd.) is a DNA

polymerase derived from an ultrathermophilic
archaebacterium, Thermococcus- kodakaraensis KOD1 strain,

and has PCR fidelity about 50 times higher than Tag DNA
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reacti on sol ution,

and a specific anount of the

m xture 20 corresponding to 10 L of the PCR reaction

sol uti on was

then subjected to 1% agarose ge

el ectrophoresis. As the elec%%ophoresis mar ker,

| anbda/ styl marker

(Toyobo Co.,

[0255] Sunmary 25 As shown in FIG 25,

of the reaction

Ltd.) was used.
t he pronotion
rate and the i ncrease of the

arpl yiie ras earmaaudy athédrawaddi ttiten sofr PENAL'3 -wer &

SBBalacth 0, bl GaTEd

n.. the PCR.re%cLion.

e 3 G

Wi&yl]%Q qﬁ?ition

pod yutey gl v INA eed iwtenas e Hiaehes DagnasgdHiGs addurdte
DNA 88 polynerase derived froma thernmophilic

' Ch £t

i AT FATBED CORe SRIEE

ditsteiiputasy geagemedally

Rihd itdeiHdve MIghere xddin ofad-fiNA %thy'ﬁ{i%seergﬁﬁr%u%%s the
) ty

of having the strong 3

--> exonucl ease acti vi

(wroffasdadiztgractdvitate ivhishaddi tabomit dwilte faster than

BT E Tl PR TN, SCELIRL SR can

(K22 A r fldparecevial uatdhabt e iR JPaGhico M SR enzyme.
qﬁéiqﬂ the_conposi tion recommended in the . _
i it lct | oWy VR Ytdriimac thivee P Ra & agsdd odx gt tiligar having

RENALZ
buf f er

5t j tJ
P iigia e, Jh et shegle SRR e

RAdEHA 2 SO&, sREE trHnKC1 Th20 neslav 804 ou ffietradidck tPGR buffer

e PR 230 0 D R, SOPIRLYGRY 1

I iEakixe 100, Conuasi Bsen cAMmest por e radded ki naby Tris-HCL

concentration
pH 8.

Lanbda DNA 1.25L 0.5ng/L

8, 60 mM (NH4),804, 100 mM KC1, 1%
BSA) attached to the product was used as the buffer. The

(20n /L)

TritonX-100, 0.01%

composition of the PCR reaction solution is shown below.

{0251]

Table 15

Composition Amount to be added | Final
concentration

Lambda DNA 1.25uL 0.5ng/uL

(20ng/pL)

Forward Primer 1.25uL 0.5uM

(20pmol/uL)

Reverse Primer 1.25pL 0.5uM

(20pmol/pL) !

10x enclosed 5uL 1x

Buffer #1 or $#2 ¥

dNTP Mix (2.5mM 4L 0.2mM

each)

25mM MgCl, 2uls 1mM

KOD DNA Polymerase 0.28uL 0.0140/uL

(2.50/uL)

PCNA13 solution or 0.3uL 0 or 0.6ng/pL

buffer ¥

Sterile water 36.67uL

Total S50pL

1) The combination of the forward primer and the reverse

primer 1s changed depending on the length to be amplified.

For the combination of the primers, see Tables 8 and 9.
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Forward Prinmer 1.5L 0.6M (20 nol/ L) Reverse Priner
1.5L 0.6M (20 nol/ L) 1) IOx PCR buffer 5L Ix with M
SOy dNTP M x (2.5mM 4L 0.2mM each) Pwo DNA Pol yrer ase
0. 14L 0.014U L (5U L) PCNA13 solution or 0.3L O or
0.6ng/L buffer 2) Sterile waér 36.31 L Total 50 L

1) The conbination of the forward priner and the

reverse prinmer is changed depending on the length to

k29 ampd idnicadsedr@uithe gaybinat,i ¢r;ofs.ulke, prcneks, see
Tables 8 and 9. 2) Neat concentration of PCNA 13;
LooRalt, cRuiceartrazdem oZ0 PENAS A3 :p 8 00.g /BOrIVBNACE r ; 56 %M

.cerol .89 [Q259] . PCR reactign program In the case
oqfrylf?ilb péﬁﬁﬁloi’f %@gﬂ SRCaACRE ANt e - (98C for
10 seconds --> 68C for 30 seconds or one mnute) 30

cycles --> 72C for 3 5 mnutes --> being kept at 4C
[0260] In the case of 8.4 kb anplification 95C for 2

igAS - - ARISECALRN 030 v38eads --> 60C for 30
ggcoggs -->:72C Fg?lg oP 4%%?nutes) 30 cycles --> 72C
flor tAemioagee - 2> kbeianmg lkdptcadtiofC 10 [ 0261]

El ectrophoresis After conpletin% the PCR reaction, 5 L _
of 10 % CI b38i PGSR FEFS (grycérdiC sovp Mt ifsptistiol——> 68°C

\%io;iﬁ 1%.0%;@50%% ls?ﬂg3 %%%yﬁg?és O'-é'g/‘) 75\@5 J@odrdeéj r&i%u%neds r—n~.~—)9:“q3¢.=.:i.ng
kept at 4°C :
[0253] In the case of 8.4 kb and 15.8 kb amplification
94°C for one minute --> (98°C for 10 seconds --> 68°C
for 2 minutes) 30 cycles —--> 72°C for 3 minutes --> being
kept at 4°C
[0254] Electrophoresis
After completing the PCR reaction, 5 pL of 10 x
loading buffer (glycerol 50%, bromophenol blue 0.4%, Xylene
cyanol 0.4%) was added to and mixed with 50 pL of the PCR
reaction solution, and a specific amount of the mixture
corresponding to 10 pL of the PCR reaction solution was
then subjected to 1% agarose gel electrophoresis. As the

electrophoresis marker, lambda/styl marker (Toyobo Co.,

~ Ltd.) was used.

[0255] Summary

As shown in FIG. 25, the promotion of the reaction
rate and the increase of the amplified amount by the
addition of PCNAl3 were observed in any size examined in
the PCR reaction.
[0256] 2.2.7: Effect of adding PCNAl3 to Pwo DNA
pelymerase

Pwo DNA polymerase (Roche Diagnostics) is a DNA
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reaction solution, and a specific anmount of the

m xture 15 corresponding to 10 gL of the PCR reaction
solution was then subjected to 1% agarose gel

el ectrophoresis. As the electrophoresis marker,

| anbda/ styl marker (Toyobo Co88 Ltd.) was used.

[0262] Sunmary 20 As shown in FIG 26, the pronotion

of the reaction rate and the increase of the
pEplyinfd red ea U Y fire aa@dlietﬂn@@;hqﬁlecué«b&awaetemum
observed in any size exam ned of PCR products wt
aﬁwr%@t% Heasiede s&tadmednd bas3fhas P§ﬁo&4d1€|%lttwe higher

Iaoc%re“f% é)%ﬁeg;n 8% peeallds o%5h*%%§%gpft%e@ttr%%‘g 3" -->

tI'y pronotes extension tivity of
15 p reeentcd siase @mtmn@yal(lwomfalﬁeammgsamnvmm in

SRR i, S gty Tor B LR pagn pion

falc@Mr sl RGRC BeS plelificasides, iRCHA shd rits tehkeelsivg k@i s enzyme.
not only DNA 30 polynerases derived from Pyrococcus

- fl@2599us b&hpoai %a@mtl@@l fbea SR gepcEd@nt pehution having

gild Slaplo kel il sarecles: 1o 0264 3 Ricenaral bon ol

r oteins 9
mawtl.diam:tpmn@pamata @rsaah@xampml:@hputoﬁ’@i\lﬁlp%r arpar at:hd@nl to the

de:[ll \1/:31% f;(r) Therrm QCCU%Hg%%ﬁka(&g ?c?hgcg%]e st rl%l

legef@m:gmt% I8r5 Esohem qiing) oso,, and pur ikow, ngot e 5IgSO4)
proteins from expr essing m crobi al cells. [0265] 3. 1:

AEFESEG 60 6&%?@@@&9@ @S| [1SEAd 2Spit8FaPRites -of The

obtain eé: %r om } %C %&ﬁlﬁg‘%?ééc% I?%%H%: R S A

NZIOQI%@(]RGANI SM5) as 10 nmL of a 10 cultured liquid (JCM
Eolg] M crobial cells were coll ected by
glng this liquid at 6,000 xg at 4C for 15

MoAHRS.t 1B COl I eclleghdiry & de GRldew e #hasuspended
in 1 nm of TBS buffer (50 mM Tris-HCl pH cbrikerthfhtion
Lambda DNA 1.25uL 0.5ng/uL
{(20ng/pL)

Forward Primer 1.5pL 0.6uM

(20pmol/pL) Y
Reverse Primer 1.5uL 0.6pM
(20pmol/pL) Y
10x PCR buffer 5pL 1x
with MgS0,
dNTP Mix (2.5mM 4uLl 0.2mM
each)

Pwo DNA Polymerase 0.14pL 0.014U/uL

(50/pL)

PCNA13 solution or 0.3pL 0 or 0.6ng/pkL
puffer ?!

Sterile water 36.31uL

Total 50uL

1) The combination of the forward primer and the reverse
primer is changed depending on the length to be amplified.
For the combination of the primers, see Tables 8 and 9.

2) Neat concentration of PCNA 13; 100ng/pL, Buffer; 25mM
TrisCl pHB.0, 50mM NaCl, 50% Glycerol
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nmv NaCl ), washed and coll ected by centrifugation at
15,000 15 xg at 4C for 5 mnutes. [0266] The
precipitate was dissolved in 100 L of Iytic buffer
(50 MM Tris-HA pH 8.0, 50 mM EDTApH 8.0, 0.5% SDS)
and incubated at 50C for 3 hdiits. Subsequently, 100 L
of phenol /chl or of orm was added thereto. This solution
was 20 centrifuged at 15,000 xg at room tenperature
f[@258 1M nutPeR rkactdbheptrogtramt 100 gL of the

SEDERAEITE 081 g hGMBLAERS Shcanoms Kt (Toyobo |
L0267 502 2y Bha Al GRo ot “kob B3 D AR g o™

K- BONA cgenisAKkOBnBCNANge RS Was a¢gués ed-Py72tMdY 3
using PCR (FIG 27) with reference to GenBank 1D

Bﬁb&i&%8—(SE@ehlgN@Sp&latamdcsz) The detail thereof

he descri bed bel ow. 30 [0268 1.1:
dr02r§é’rs KOBPPERA- £25/d KO8~ ﬁcﬂ@ lﬂﬁéﬁé 1G§§&°Por t he
a”p" 5‘3§t EQp of ihg KOD-F %9&?{“% M IR Sely goec
esigned so as to anﬁ (ﬁe region

%&r @@p%@dﬁ@st a-thgootnebiapi 90 £0HORLEBE NI 901 B c1@s ——>
the term nation codon of the PCNA gene and furt

addct Berr asiihatesn-enzpabsg Ndept and 4%hol recognltlon
sites to the 5 side. The sequence of 5 each priner

odHown .ﬂ%eﬁ'&moghﬁeesm I D NOS: 33 and 34). [0269]
Tabl e PCR I, cloni ng _K [
Prlner%§§§ugncgl%%—— 3%%§ EgﬁD %6 gﬁgﬁgNéoﬂ- 8%2?8 &ca
latadgee GLiffega (agdlydegblt 502t gBr3dopkeRoPCNAUR Ctasgagylene
tca ctc ctc aac gcg cgg 34 10 [0270] 3.2.1.2:
Cyapedi t0i-dr¥ ) ofvaPCRACedc tticoansomdiegn with 50 puL of the PCR

reaction solution, and a specific amount of the mixture
corresponding to 10 uL of the PCR reaction solution was
then subjected to 1% agarose gel electrophoresis. As the
electrophoresis marker, lambda/styl marker (Toyobo Co.,

Ltd.}) was used.

- [G262] Summary

As shown in FIG. 26, the promotion of the reaction
rate and the increase of the amplified amount by the
addition of PCNAl3 were observed in any size examined of
PCR products with any extension time examined.

[0263] As shown in the aforementioned Examples, if has
been proved that PCNAL3 excellently promotfes extension
activity of the representative commercially available seven
DNA polymerases for PCR. It has been also shown that,
élthough PCNA 13 used is the mutant of PCNA derived from
Pyrococcus furiosus, PCNA 13 is effective for not only DNA
polymerases derived from Pyrococcus furiosus but also DNA
polymerases derived from different bacterial species.

[0264] 3: Preparation of KOD-PCNA and KOD-RFC proteins
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The PCR reaction solution has the foll ow ng

conposition (anmpbunts to be added to 50 L of the

reaction solution). Tenplate DNA*: 100 ng, 15

Primers: each 10 pnol, dNTP: _each 10 nnol, Ex Tag**:
1.25 U and 10 x Ex Taq buffer?Y5 L were nixed, and
sterilized water was added thereto up to 20 the total

vol une of 50 L. (*tenplate DNA: genomi c DNA prepared

in 3. B PCNEXragent suopldied oirregarBAKARA aBIdOalnNBFL protein

0271 ..2.1.3: Conditions for PCR The P reaction
e i S o B o o S cta R aag <18 KoL
FeRareGid it e R BNt AMRC et ek thereBERIn

apparatus and using the program repeating 30 cycles of
1 9% &6t Sat MO 5@ Fher 130 ige ctsds and> psEd fvgngz@he

%qrcg_%q - - ‘ iImr'ﬂ 4 72] 3.2.1.4:

uri fi f:hast ifg:r??%f%){g%{ss%rlgl uct g@?%%ﬁégﬁct obt ai ned
iM2aid af orfenentAcans=d i tprooc edune cxad islbjoedtledntdo 1%
agarose .gel el ectrophoresj s, and stained with
%’ﬁpﬁﬁﬂﬁgﬁrbrﬂ%@e%eﬁ&my a gel 5 fragnent

cont aitHeYh el 3Fudh rael ik WaD1C it AUt wadebbtbhfed
ultraviolet light irradiation, and the PCR product in

i@y elCH r CRALESTFION & MiCRYOBERNAGHSINASaR@ ML of a
Ruy j.f§ catd Ity ( rsh j ine

%}égru i ng ltloltl;‘{,dldl t(g]tdrrl\gﬁoprgu 2aiti 0 'rmﬁ{}]ac\:l?o %%l[ 8:%%55 werse

S 1bdre SWC It fRfg iRGR tprieduGtqulke apurd, foioed xBCRt  4°C

product was ligated to pUC118- Hincll/BAP (TAKARA BIO
119, Y 2u Sy theka RE PRKICoKile ctEaKmRa ropriell Rells were

DR A R e Ry P R 7.2, 150

mM NaCl}, washed and collected by centrifugation at 15,000
xg at 4°C for 5 minutes.

[0266] The precipitate was dissolved in 100 pL of lytic
buffer (50 mM Tris-HCl'pH 8.0, 50 mM EDTA'pH 8.0, 0.5% SDS),
and incubated at 50°C for 3 hours. Subsequently, 100 pL of
phenol/chloroform was added thereto. This solution was
centrifuged at 15,000 xg at room temperature for 5 minutes
to collect about 100 pL of the supernafant. The genocmic
DNA was collected from this supernatant using Mag Extractor
Genome Kit (Toyobo Co., Ltd.) according to its manipulaticn

manual.

[0267] 3.2: Preparation of KOD-PCNA

- 3.2.1: Cloning of KOD-PCNA gene

A KOD-PCNA gene was acqguired by cloning using PCR (FIG.
27) with reference to GenBank ID BD182828 (SEQ ID NOS:31
and 32). The detail thereof will be described below.
[0268] 3.2.1.1: PCR primers
KOD-PCNA-F and KOD-PCNA-R were used for the

amplification of the XOD-PCNA gene. This primer set was
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15 with this ligated product, which was then seeded on

the LB agar plate (containing 100 g/nL of anpicillin,

40 g/ mL of IPTG and 40 g/ nmL of X-GAL),and cul tured

by | eaving stand at 37C overg{ght to yield an E. col

cl one having the PCR product?-20 An E. coli col ony
exhibiting the white color on the agar plate was

cultured in 3 nL of the LB liquid nedium (containing

&6 igyenl. sof asnpioc ialmpilA )t ywithle sleakiiong catrr@B@onding to the
qQvernight w th shaking, and then.a plasm d, DNA wa

AP ArEd OSSR W T'a CPRESs tEndLid et HOAT 198 (G398 Of the
3AAl oeneCemfd mmtthenr alidseadeneethy csaduereizRgies NdeI and

- Concerning the aforenenti oned pl asni d DNA, the DNA

SE e FEETHSEHO8A SERES e thecdgnistiiden siThe sFapREce of
SR i %Y Whotknghl riaB1khd P! @5 4oV RekOBPLELlSs) .

was €éxam ned using the DNA sequencer. a result, i
V@< e3d confirmed that the open reading frame of the

B aeoghir B TR adEe it ABaRiLhl e & end and

thep¥asdfi ctfi on enzyne, 93 Xhol recognition sequence
was added the 3' enBrimetheegueseet Bld=ppBti on. ThHi SEQ ID NO
pl asit#® vectjor having the open reading frame of jthe

J

.75 nstr%%??gﬁ?é?ggxlfgss %ﬁf £§%§EF§§lﬁg§SfIPCN£3

ﬁmﬁﬁ&ﬂmﬁd@@%&wﬁﬁwdm@@m@Wthme34

restri-cton-lenzymes Ndel and Xhol to prepare a PCNA

gene fragnent. The gene fragnent was inserted into

the 10 expression vector to produce the expression
vector of KOD- PCNA. [0276] 3.2.2.1: Preparation of
PORACDNA f Bagnént: Thepplashiod pUCPRRCreastdenbkplution

?LF?X&?%%&%QHE%%S E%%tg% u Q%%WE%SN%%E %ﬁlé@%hgi” the
composition {amounts to be added to 50 pL of the reaction
sclution).

Template DNA*: 100 ng,

Primers: each 10 pmol,

dNTP: each 10 nmol,
Ex Tag**: 1.25 U and
10 x Ex Taqg buffer: 5 uL
were mixed, and sterilized water was added thereto up to

the total volume of 50 pL.
(*template DNA: genomic DNA prepared in 3.1, **EX Tag:

- supplied from TAKARA BIO INC.)

[0271] 3.2.1.3: Conditions for PCR

The PCR reaction was performed by using the reaction
solution prepared in the aforementioned procedure and the
BCR apparatus and using the program repeating 30 cycles of

the reaction at 95°C for 30 seconds --> 55°C for 30

seconds --> 72°C for one minute.
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15 system [0277] Plasmd DNA: 5 g 10 x Restriction
enzyne buffer: 5 L Restriction enzyne Ndel: 5 units
20 Restriction enzyme Xhol: 5 units [0278] Sterile
wat er was added to the aforenentloned m xture up to
the total volume of 50 L, and®¢he plasnid DNA was

cleaved with the restrlct|on enzynes at 37C for 2

hours. After conpleting the reaction, the reaction
Aroadedt 253waslrun @urﬂ%ﬂa@aﬁ@mEOgePcalpmbduphoresis.

A ban ar 0.b corres di t he
KOD. P e e R I B A
d@é{dﬂel & sf rs@mjtemegielto U3 RGaGo¥cPgR1DMAcaRe oBBbresis,

and Purification Kit (Arersham Bi oscience) accordlng
tad 5 ameichwiadi efhisAua bragipea7opudseaneptlyEs. ge
EBXar 0 h t p 2 % n S
R R R0 G, RS P RRe R R RS, B8E Ry bncer
am@ XHQMabﬁoﬂhe 94 ghftolilrawidig trieact iaawl. tbazscp product in

Pl asmi 10 x Rest iction enz L
B ONRgReER, s RIS etad RE P PR and el
Xeld Erdmits ti828kl +Stiakic-@ naat e 0aRs cadded a(:@otrﬁ&ng to .
af orenent i oned n1xture up to the total volune of 50

|3, € swiladh Pid & tiiganmapaptl .st and at 37C for 2 hours.
ﬁ%b%r conplye |395th§g£glo%3%b'%% ggﬁ PE%ﬁﬁEkon pr oduct

was r n on 1% agaro ectr eési's. A band
(arouﬁ%ea@umhf&ed PER p&@ﬁm&&p@ndlngghmeﬁheOspﬂaﬂgBP

f t h 21
SrCr T e (R RGenB o Npur | Pl e Fedaranb foite AgKara
1% RGR .PNA206 88y Bangd nRUkahiieatia@lon manual.

Escherichia. coli DH5o (TAKARA BIOQ INC.) was transformed

with this ligated product, which was then seeded on the LB
agar plate (containing 100 pg/mL of ampicillin, 40 pg/mL of
IPTG, and 40 pg/mL of X-GAL),and cultured by leaving stand

at 37°C overnight to yield an E. coli clone having the PCR
product.

An E. coli colony exhibiting the white color on the
agar plate was cultured in 3 mL of the LB liguid medium
{containing 100 pg/mL of ampicillin) with shaking at 37°C
overnight with shaking, and then a plasmid DNA was prepared
according to the standard method.

[0274] 3.2.1.6: Confirmation of sequence by segquencing

Concerning the aforementioned plasmid DNA, the DNA
sequence inserted into the recognition site of the
restriction enzyme HincII in the plasmid vector pUCll8 was
examined using the DNA sequencer. As a result, it was
confirmed that the open reading frame of the KOD-PCNA gene
is retained, the restriction enzyme, Ndel recognition

sequence was added to the 5' end and the restriction enzyme,
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15 Kit (Anmersham Bi osci ence) according to its

mani pul ati on manual . [0282] 3.2.2.3: Ligation
reaction and transformati on The KOD- PCNA DNA fragnent
(100 ng) and the pET-21a DNA _fragnment (50 ng)
obtained in the aforenenti one%3procedure 20 were
reacted using DNA Ligation Kit V2 (TAKARA BIO INC.) as
follows. [0283] PCNA DNA fragment: 100 ng pET-21a DNA
Hhadmertcods( tignDNA duegatsl o sKiatddezl éheyde soldutinorheb

L 25 .Steril e . water s added .to _the aforenentioned
IR e e miia o geieR Rafineh thie open
tkenl irgpgtethedbf 16E HOD-3CNN RS wals0284) 1@ b afs
E. coli BL21 (DE3) (Novagen) was transforned with
M KB Cgat i on product (3 L). The 30 sol ution of
th; fror me . »GOlA . d .aga e -
(TR0 s ar PR TR o s Sl gt Eer xop
FrB owerw ght. Three colonies in E. coli col onies

forme on.the, aga te were cul.tured with shaking
in 3 %{leo#ﬂ?ﬁé‘l%@%ﬂ[}] d wﬁésdidﬁ’rlﬁ%(lé’oﬁﬁ&iaﬁieﬁgw &?“%1_
apitalildtiinh ahzFhes aRINiaght xhand td phapiird BNACWAS gene
prepared according to 5 standard nethods. [0285]
Fragpent . codfier §eico f reomeadu dice 1pyeségdenditng the

is f.0 [ d.pl.asgi t
S P e T B e TR Sk s ey JF5Thq of KOP
tBe&A.sequence in the vicinity of the inserted site

UETen t Sad g L'T PARE0E NS REDIECRACYENE TAAEDE

conpl etel plarsedt eddheteeans Ndeblgnd1Xaekaskties which

were nulticloning sites. This plasmd retaining the
REBLEPERALGEN ENFAT e Siigrarad &80IpkPCRAS( FPE&Llo¥eng rsaction
%g%%@]m_As shown in FIG 28, it was confirmed that the

[0277]
Plasmid DNA: 5 ug

10 x Restriction enzyme buffer: 5 uL
Restriction enzyme Ndel: 5 units
Restriction enzyme Xhol: 5 units

[0278] Sterile water was added to the aforementioned
mixture up to the total volume of 50 pL, and the plasmid

DNA was cleaved with the restriction enzymes at 37°C for 2
hours. After completing the reaction, the reaction product
was run on 2% agarose gel electrophoresis. A band (around
about 750 bp) corresponding to the KOD-PCNA gere was cut
out and the PCNA DNA fragment was purified from the gel
using GFX PCR DNA and Gel Band Purification Kit (Amersham
Bioscience) according to its manipulation manual.
[0279] 3.2.2.2: pET-21a Expression vector

The vector DNA pET-21a {(Novagen, US) was doubly
cleaved with the restriction enzymes Ndel and XhoI by the
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pronoter and rbs (ribosonme binding site) which pET-21a
had, the PCNA gene ORF (open reading franme) and the
T7 termnator were aligned in this order in pKPCNA. It
was expected that this plasnb? woul d express the PCNA
gene in 20 the | arge anount 0287] 3.2.3: _
I ntroduction of nutation into KOD-PCNA gene For the
pur pose of producing the PCNA having a higher
fRpddtavmy tie@camiono aci d i n KOD- PCNA was substi t ut ed.

The g5 amno acid was substituted by substituting the
base i'n the codon encoding that amno acid. An am no

aci d mutsaddion pias 2 @k{oduced into the site to be
nmut at ed shown in Table 18. [0288] Table 18 Mt ated

Site df0 KOBeRENA cthlitnarin ZMittcatoad fairt:e 5 ﬁ@D—PCNAOl M7 3L
KOD- PCNA13 M/3L+E143R 96 289] 3.2.3.1: Introduction
of subSStEdGEER qﬂﬁﬂ%ﬁmﬁwméég HE§ was i ntroduced

into tﬁé%t&’@u@l%n%mmémdﬂ | 2 g sthe plasmd to be

nutated the oligo pair i ntroduci ng the nutation
E@lﬂD NOSt35 itle 3@ tien Wa@ledﬂ@ﬂ tand heuiadlo rémaemge onked

Slt Di rect ed g&:aﬁgne5|s Ki t (Strata ene accordln%
enéeﬁ* pal Sr@rtu el umz%] O18%Tabl Cbgwas then

Frers Lo kntspedugl ng,mytation Joto, KCD PN, SEQ

rrmer nanme °Priner sequence

CcGAGIAGN ATE WaacATerARCodlictGiesCAGnTEG é%Ga%Qroﬁngel
MZ3L-R CIT GAA CTG_GIC CAG GIT GAT. GCC GAT TGI CTC G

$6 SCREBPEPASRIE - CTE BBNIGAGTOrNICTEORAGERET kalC ATA

66§r@§%og€1n§§t%7théﬁ%&%é%éﬁtng@mAgg @Eg ggEtBéTDﬁECpET—

2la was cut out and the pET-21a DNA fragment was purified:
from the gel using GFX PCR DNA and Gel Band Purification
Kit (Amersham Bioscience) according to its manipulation
manual.
[0282] 3.2.2.37 Ligation reaction and transformation
The KOD-PCNA DNA fragment (100 ng) and the pET-21a DNA
fragment (50 ng) obtained in the aforementioned procedure
were reacted using DNA Ligation Kit V2 (TAKARA BIO INC.) as

follows.
[0283] PCNA DNA fragment: 100 ng

pET~21a DNA.fragment: 50 ng

DNA Ligation Kit V2 enzyme solution: 5 uL

Sterile water was added to the aforementioned mixture
up to the total volume of 10 pL, which was then reacted at
16°C for 30 minutes.
[0284J 100 pL of E. coli BL21 (DE3) (Novagen) was
transformed with this ligation product (3 pL). The
solution of transformed E. coli was seeded on the LB agar

plate (100 pg/mL ampicillin) and left stand to culture at
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[0291] After introducing the nutation, the DNA

sequence was identified by sequencing to confirmthat

the DNA was 15 introduced into the objective site and

no mutation other than the obpective one was present.

The design for each PCNA nutant will be described

bel ow. [0292] KOD- PCNAO1 According to the report for

the PCNA from Pyrococcus 20 furiosus (Non-patent
DoCGrenerg)ghthe TbirkewcndohassbéenkE.r epdrt ediowhen formed

the wild type .Pfu-PCNA i s _prepared as the , reconmhj nant

SPD ) AR S Y Hh i o THe chd e GSEing 17 3 ML of the
agsliqt;i ri Qi . i r t..qf; . °
R Sl A, 0D B8 A Siieit in) g, 37
wiverntightN 25d er mlasnie Niniwag forematreel E3rad ridd sigd e

i rpduced .as byproduct, and thus a production
e%s‘%aﬁlc % ﬁ{éff‘e Qcc%’e obj ective protein is reduced. It
hap gggen alxe.repor e fmathan WierdMelerle PRSISH@RNcing

73 is substituted with Leu using the gene engineering

t echni“GB€ S THE P ridduatiogiemshtisined plessiisl Aabdsine DHA

K de$ deN Rk d.tha Pf y-P odyced in

R T R L A R LR e L
rEawescef imhéha vd ciyypée yPONA theoti@isertBet b iK@DwRENAexamined

and _Pfu-P are conposed of 249 am_no aci d residues,,
iRy I%Ihecgg@&t [FEBVEISH of e FamitiGtaci ¢ feSPETeSSPSIing

daRRle gl hel demireda Jewet ek eoRphderINd ihRe@rted between
exi stence of amino acids having sinmlar nature, they
Ked ¢efy Xhicgh shéms! vy chloeBas 8y lsdcdoeing silteati ofhis

a . of N bt ai.ne y [ in

B aa s e KD BORR Sareh ey PE Shab e 8
PKPCN& duasi.- wiBld type in the present specification.
[ }, This rmutant K L S desi gnated _as
&%ég%éNA01351§ Elale) was%%ﬁep ed I TKPPSPERRGI THigS that the T7
prrogiueed Bhduibﬁg(EKB@Hémeaﬁiﬁdﬁﬁgp%@E%&aﬂﬁikﬂepﬁthQa had,
air %KCD M73L- F and KOD M73L- R "SEQ I D NOS: 35 and 36
N8 geyef ORE depsaueeagingeframe) and the T7

terminator were aligned in this order in pKPCNA. It was
expected that this plasmid would express the PCNA gene in
the large amount.
[0287] 3.2.3: Introduction of mutation into KOD-PCNA
gene

For the purpose of producing the PCNA having a higher
function, the amino acid in KOD-PCNA was substituted. The
amino acid was substituted by substituting the base in the
codon encoding that amino acid. An amino acid mutation was
introduced into the site to be mutated shown in Table 18.
[0288] |
Table 18 Mutated site of KOD-PCNA

Mutant Mutated site

KOD—-PCNAO1 TM73L

KOD~PCNAL3 M73L+E143R
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mut ati on. [0294] KOD- PCNA13 20 In the case of PCNA
from Pyrococcus furiosus, it has been known that the
am.no acid residue at position 143 is involved in the
formati on of the ion pair netwrk when the nononers
formthe trinmer (Non-patent D8Bunent 9). As
denonstrated in the aforenentioned Exanples 1 and 2,
our 25 group has found that the reaction of DNA

pol ynmerase in the DNA synthesis is remarkably
pronoted by the nutant PCNA obtained by reversely
changing the electric nature of the amno acid

resisdue at 3t.1i.3.pasithiteddulct ithe cgasenef iWdhkdont ¥R@ation
PCNA from Ther nococcus kodakar aensis, the am no acid

30 redPRUBVESLAOSHURE AGtreduses pasior ithe PSNG geasi by
Ifilafag dine %ﬁb@ﬂu@pk%)Pea%%t%Q%del tflﬁla§t55§r°%or
e amn acl resi aque a I S p03|t|on ca
a@tmoeimeilylgcm:aagwmyloauug‘mt Ui NSt Bi5s tani3Bo iaciTdble 19)

resj due w ar gi i,.c 98 amno acid. residue.
R e et a0 b G R E e P B genegh s e Rt v ng
Beraﬁb@@hewh@&cb&ﬁ&n@ukénﬁtbsmQQQ§@laEQohhﬁaQNél

synt heS|s Specifically, the nutant was produced by
U838 1t he KOD- PCNAO1- producing plasmid as a 5 tenpl ate

@aﬁlghﬁgo'@gqgggle%b&d%ﬁt§8BuFéééﬁpgt%ggo§7 §1ﬁ§§ Bena

for introducing the nufation

Table 19). [0295] 3.2.3.2: Production of K(J} PCNA SEQ

RheSSQ8 | strains 10 Eikel iefbide Godonfl us (DE3)RIL] p -
(Stratagene) was transfornmed wth the expression

vectors of |nutant PCNA obtained in the aforenentioned] N°
pepdgdure tioc )GIAEIIECAaHTCE GGC caalci Am caG rt;pexpmceswc n-"ng 35
HHS G OET cleUéz‘a’zPJCTé aciead ‘é ‘r'GA‘Tat;d:d"éA!t' Td‘i‘\t’fd- ‘G'“’" 36

protein 15 IAs_ shown in FIG preparati ons were

BOR-ELARR Foy| CTCoPFRGPF IR Tt AES ﬁf*@r@é‘l 8FC AEP|ARGHFAC GCT TC | 37

gemtolk brigat | N AGOZIT) CTT TAT GCC ACG CIT GAG BAC CTC ACC GAG | 38

10291] After introducing the mutation, the DNA segquence
was identified by sequencing to confirm that the DNA was
introduced into the objective site and no mutation other
than the objective one was present. The design for each
PCNA mutant will be described below.
[0292] KOD-PCNAQ1

According to the report for the PCNA from Pyrococcus
furiosus (Non-patent Document 6), the following has been

reported: when the wild type Pfu-PCNA is prepared as the

recombinant protein using Escherichia coli as the host, in

addition to the original protein as a result of translation
from Met, another protein of about 20 kDa with the N
terminus beginning from the 73rd residue is produced as a
byproduct, and thus a production efficiency of the

objective protein is reduced. It has been also reported




10

15

20

25

30

di srupting the mcrobial cells (ultrasonic disruption
5292), boiling for 5 mnutes (S293), performng the

pol yet hyl enei mi ne precipitation (S529), perforning the
20 anmonium sul fate precipita hon (S295), perforning
the ion exchange chronatogra% y (S296, using H Trap Q
as a colum) and performng the gel filtration

_ chrorrat ogr hy (S297, using Superdex 200). It was

S PacE it 7 botsh E’pﬂ:@iar’tameﬁlsmaﬁsdreed using

t Y. 049/, 0 7 2.4.1;

é}f‘et Sﬂilr nég eor‘fglm gerfo 3bi Al C%H sq%éirfdzt% nc?tfc‘ﬁuoqﬁt g of this

KOR HRONA oefX rhessi @0 Baeh mtzﬁﬂhd&@dlw,e)emce;iﬁaﬁg tﬁigf g fiy-pPCNA
was cul tured with ing.in 1.5 liters of the
%o‘%oﬁiﬁe(cg&ﬁ} dﬁ%snd“aeio?‘@ heofn%%ecﬂnq%ﬂtlaw@mabﬂ@ from
Y esshoie WS dHdygad by, éJH)D Both KOD-PCNA

(i sopr opyI 3- D-t hi ogal act opyr anosi at” a

@éﬁ’céﬂﬁ

g Fompeveshaf AIG0@mEnG tae::ldogfamaatduasc in

E&g}a& S .and _af.t I nd CI ng t
expr essi tvgg 038 %Lﬁ‘ %r?% T Rt Jﬁﬁg g‘tﬁ Cfmp%EtEly
heleng.ical.cr (Eblratlheozeldwlsafd&flridle:k@|etxli@ﬂé@1d&€rcﬁ amino
col.l ected centrifugation (4C, 6, 000 xg,

RHROSR Y P goTILa a5, Hdrgs st G 6r et Qi homology.
eRldest DnTheidl o ahicdlata@,s thice tiuRisAt %3?;>/bu . KOD-ECNA

centrifugation were suspended in 25
CHF aHCTr oy MCPSHHItRtdng dlet WEN@OsitGoh A Emmon}mzm

; [, n Srupt ul trasonic
?Jrlxe{:gf%%#t i& %iig%ﬂ]e@%% f% %h‘?r rrent'"”\;m%%/ﬁyﬁ’gatl 16h§ present
ss@letqiiifdm:adtflomhe di srupted m crobial cells was b0| I ed

d th trif d (18,500 x
ORIEAS) | T8I EoPEen ta Koty ikt SRE. SFG360F C30 2. KOD-PCNAOL

B@byﬁbﬁyb@% lafFele pk@@LﬁbﬁﬁbﬂoﬁaSP%Eﬁéhgﬁhe% Mg PKPCNA
(Sigma P-3143) and Nad at final concentrations

G52% CRp)lairdapdsghl| olégpeperiivel (KODWE78L-added KOD M731L-
Bhe sEPeENAbaNhs WHiCheas H18eShbY " 89,00,k 8 4100 1y the
mutation.
[0294] KOD~PCNA13

In the case of PCNA from Pyrococcus furiosus, it has
been known that the amino acid residue at position 143 is
involved in the formation of the ion pair network when the
monomers form the trimer (Non-patent Document 9). As
demonstrated in the aforementicned Examples 1 and 2, our
group has found that the reaction of DNA polymerase in the
DNA synthesis is remarkably promoted by the mutant PCNA
obtained by reversely changing the electric nature of the
amino acid residue at this position. ' In the case of wild
type PCNA from Thermococcus kodakaraensis, the amino acid
residue corresponding to this position is glutamic acid
(acidic amino acid), and the electric nature of.the amino
acid residue at this position can be completely changed by

substituting this amino acid residue with arginine {(basic
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30 mnutes. This solution was centrifuged (18,500 xg,
4C,- 25 mnutes) to yield a supernatant. [0301]
3.2.4.5: Amonium sulfate precipitation 20 5.61 g of
amoni um sul fate (final conceggration of 80% was
added to 10 nL of the supernatant and stirred on ice
for 30 mnutes to precipitate a protein. 80 nL of 50
mM Tris-HCL (pH 8.5) buffer in which amoni um sul fate
REH " 867 BO%SS&e-at €8 S Uddddd e riicsiussiduthiosn tard
t reCi i Is t e trifugati.qn
SRS e PpelEle 1B, SRR Bha SR, T 19 aced
preedilg (DAA arynwdesidi.sscipeed fiimalllff,erthe (@ aY was

Tris:-HCL pH 8.Q, 0.1M t h | ti ,
E5eiien s titng B8 A0h-RoriDils pdgri b pbsmidage o
[t22Aat2 2ot &hel QN iQeehaNGe t6 M P0RARAR-Feng

di al yzed sanpl e was subjected to the iron exchange
AoGr&p By 1( HintragugingmshehawtBitdoni 6 IhsNAG: 37 and
ASTA1@Q 1 1exRlggr er 10S (Anmersham Bi osci ence). The
sanple was eluted wth the linear gradient of 0.1 to
Q02 9MINaCl B12.5.8k a&troducfiow pd&t ®RO0FPLNAL exipRele 1ba
el d peak fractions of KOD- PCNAO1 and KOD- PCNA13. 5
%6 G3['53.2.4.7: Gel filtration chromatography Each

peak far.acldignsin 1HCbuap PQuison pex%s Range s:chragRLeYr aRkY
was further purified by gel filtration chromatography

tSPRG LSEPerd &t thobheArrPSRam BRogectnes) ofomusbnai RCNA
bBeagheRaial kA b bhentdBaea b aaaaKs ol 0: k9804 5.

he obtal ned preparation was ap
polljastykam depgekssehgcmuophar gehe.to confirmthe

2 §Elar Si,z _agd %od gurifi ation_of the _
IPeB&Iati on-CrliG "95) TLcpb388] 8. SODPEENA BAPFEHTOf

KOD- REE BEGMBrQﬂ1fh§t”Q99P?H§ kedakapaensks KOPakfed by
conposed of 15 two subunits EFCL and RFCS, which are

Fedaeedirg thrdeirsabiehecgéhonby Upohrpfudeting (RE91),
BEQerQEEb”tB%eB§E§EBQQ1 80115 (ultrasonic disruption,

S292), boiling for 5 minutes (S293), performing the
polyethyleneimine precipitation (S529), performing the
ammonium sulfate precipitation (S295), performing the ion
exchange chromatography (S296, using HiTrap Q as a column)
and performing the gel filtration chromatography (8297,‘
using Superdex 200). It was confirmed by SDS-PAGE that
both preparations assured the purity of 90% or more.
[0297] 3.2.4.1: Culturing of microbial cells and
induction of KOD-PCNA expression

EBEach mutant PCNA-expressing strain was cultured with
shaking in 1.5 liters of the LB medium (containing 50 ug/mL
of ampicillin) at 37°C. The expression was induced by
adding IPTG (isopropyl-P-D-thiogalactopyranoside) at‘a
final concentration of 0.1 mM when ODgy at the logarithmic

growth phase was 0.3 to 0.5, and after inducing the
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RFCL gene and an RFCS gene were individually inserted

in distinct expression vectors, and the respective
expression vectors were introduced into the sanme host

to express 20 simultaneously. ,The expression plasmd

was produced with .reference”fo Non-patent Docunent

10. The detail thereof wll be described bel ow

[0306] 3.3.1: Coning of KOD-RFCL gene and

ORI TTE 9N th @ipresidiom g aardinumds £@1)alzsitTHe hours.

; . bt ai-ned..b
O e SR LB O T SRS DA oy
N3N, FudH3H0A] 64°&-,16lDOBCRBPYi6”Eﬁ§u|6@9‘) RFCL-F primer

and KOD-RFCL-R primer (SEQ ID NOS:40 and 41 in Table
223 e uskd o5 A hPiFtuatien oif pPoRrdtgral 3ells

conveny - | _oni , tar, i enz Ndel . . :
Fecoon T et G EL g, T el R g o
arere thespastiad ciri @b enlzyafe bitfer e&co@l D IMSid-@APH 8.0,

eq, t th OD-RECL-R prinmer. 101  [0308] Table 20
@?M P T &&.wx{f% RE® BricREOlpr (Grer b fdnce and
S izmptoE@yY RINQa R KERREENT: cca tat gac gga agt
ccc atg ggt_tg 40 KOD-.RFCL-R ctc gag tca ctt ctt gag
J&ftlc gad-cad -Ar TEeEEIEIt ¥idh hEatConposition of
PCR r ' ; ' T ' prepared _in, .
POR 1 PRSKION S8l Wl 9RoTh JEOB A BN PSR ot 1 e
RGR SThE fiER s eaet ithRn S@nudigh (1€ sio@l |k nec, 25
conposition (anpunts to be adde to 50 L of the

FEAMESHR rsHUGEAECtI@ FepsitargaDNA: 100 ng,  Primers:

a@efp 040 pm@.@.4quIP?o§§%Qh§Qe%%%hine precipitation
Polyethyleneimine (Sigma P-3143) and NaCl at final
concentrations of 0.2% (w/v) and 0.58 M, respectively, were
added to the supernatant, which was then stirred on ice for
30 minutes. This solution was centrifuged (18,500 xg, 4°C,
25 minutes) to yield a supernatant.
[0301] 3.2.4.5: Ammonium sulfate precipitation
5.61 g of ammonium sulfate (final concentration of
80%) was added to 10 mL of the supernatant and stirred on
ice for 30 minutes to precipitate a protein. 80 mL of 50
mM Tris~HCl (pH 8.5) buffer in which ammonium sulfate had
been 80% saturated was added to this solution and the

precipitation was collected by centrifugation (30,000 XY,

4°C, 25 minutes). Subsequently, this precipitation was
dissolved in buffer C (50 mM Tris-HCl pH 8.0, 0.1M NaCl)
and the resulting solution was dialyzed against the same
buffer C.
[0302] 3.2.4.6: Ion exchange chromatography

The dialyzed sample was subjected to the ion exchange

chromatography (HiTrap Q; Amersham Bioscience) using AKTA
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Ex Tag*: 1.25 U and 10 x Ex Taq buffer: 5L 15 were

m xed, and sterilized water was added thereto up to

the total volume of 50 L. (*supplied from TAKARA BI O

INC.) [0310] 3.3.1.3: Reacthﬂnfondltlons for PCR The

PCR reaction was performed by Using the reaction 20

sol ution prepared in the aforenenti oned procedure and

the _ PCR apparatus and using the programrepeating 30
et 1¢helAmegatiash Bitosg5EHas) 30 Bec eadple wagseluted

i P S seonnin: Ao ote TMed PHCSS b o o o

dbtea ned-4 roft He rdf/orienert itenegd e lpr quiurfe:amﬁaons of KOD-
j.ected rose gel electrophoresis, and

yzg\i;ﬁ C{ﬁ(oé:} *brom de. Subsequently a gel

f rosrment ccmtzalmnng & 1band raaungh b deteRT gty out

under the ultraviolet light irradiation, and the PCR

produdidGh PR fimgetdemn fimadidimannds iy ieichdngs] ng

:ﬁ@d rif.i.cati Qn ha
accoﬁgﬁ'g wg%hé#?%u atﬁgﬁaﬁg%ﬁg?) F%%l%Aqg %tf%%
&hmmdgathmmmﬁw@erﬁe%@omurmﬁnee;dshlaﬁRBribed:dehce to
ed to i EIHC|I/BAP usi TaKaRa BKL kit
i RO R RES a0 g o SRS SRS P rYR
reuBwad |. Esqmﬁrlocbl%laan@gl ip Y33 o FAKARA %:p@ﬂll&@- bn\e-%s the
transforned with this Ilg ed PCR produc
ey asdadadnicte usd @Beégtépp@logﬁél(scm azlomfngmlcmemolecular
| J / f LRT /
g%%%ympggkgtﬁhﬁ?e %%§ng;€?hg%St %g%a§38% rnlg
H@BQﬁ]eld an 3E. PmmhilcbmnenhaflMQDFm@CPCR pr oduct .

[ 0313] |.i col on exhibitin% t he white col or on
t he aé‘i@d‘fﬂ“e TN &d Korlak adia e iish ECPR 1) gargosed of
AR Wbuha H(sC /Al Binag REOQ , Ok oBf -3@Pi1eichhicR) 18t t3AGen on

overnight with
the genome. Upon produc1ng the RFC protein preparation, an

RFCL gene and an RFCS gene were individually inserted in
distinct expression vectors, and the respective expression
vectors were introduced into the same host to express

simultaneously. The expression plasmid was produced with

-reference to Non-patent Document 10. The detail thereof

will be described below.
[0306] 3.3.1: Cloning of KOD-RFCL gene and construction
of expression plasmid (FIG.‘31)

The KOD-RFCL (GenBank ID;182,830) gene was obtained by
PCR using the KOD genome as the template (SEQ ID NO:39).
[0307] 3.3.1.1: PCR primers )

KOD-RFCL-F primer and KOD-RFCL-R primer (SEQ ID NOS:40
and 41 in Table 20) were used as the primers for PCR. Forx
convenience of cloning, the restriction enzyme Ndel
recognition site was added to the KOD-RFCL-F primer, and
the restriction enzyme Xhol recognition site was added to

the KOD-RFCL~-R primer.
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shaki ng, and then a plasm d DNA was prepared according

to the standard nethod. [0314] 3.3.1.6: Confirnmation

of sequence by sequencing Concerning the

af orenenti oned plasm d DNA, t DNA 20 sequence

inserted into the recognition site of the restriction

enzynme Hincll in the plasm d vector pUClL18 was

exani ned using the DNA sequencer. As a result, it was

cldh¥G&lhed that the open reading frame of the KOD RFCL
ret.aj , restrij Gti ot zynme Ndel

9N o WP zlgde'}%d fo@%lo%%.r{éjdg%dcp’{ho : y

recognition sSequence wWas e 5 end and

|thémiestri ¢ti on enzyne Xhol recognition sequende was

added the 3 end i n®FHWT PRYEIEIpoFtion. This| SEQ ID NO
plasmd vector was designated as _pUC118/ KRFCL. |[0315]

KOR-RFGL-FPy 6partsti 6AC (I93eRPE ex%si 69 daAshid of 30 40

ROB=RFGRT @t@imga%légékg?%ig?mcd Pt cheaved 47
s Nde

with the estriction enzyne and ol _tao prepare
an RFCL gene 103 fragnent. The gene fragnment was
inserted into the expression vector to produce the
expression vector of KOD- RFCL. [0316] 3.3.1.8

Hrisider]at i or® .¢¥. IRECGL CoNadsiadgrento 5 PURe rglkasiiot sclution

UC118/ KRE was daqubly cl eaved wth the restriction
onzy SIS SRS DR BERRFACoviPn G iPe S0P gReRT Lofed 3.1

sy eBed Q31 fhe Rleapliat Odr Pck.10 THR pcResthiceliban
enzynme buffer: 5 L Restriction enzyne Ndel: 5 units

REIGIAT S SedPpmd oXROWING GonPe SG3p8] (Smepnite ket be added
L5 a0 Vo1 e COF SG°CCLM R WS FHen 15 ol eaved wi th
t he rashddiGiicomNanzyiges nat, 37C for 2 hours.
- Primers: each 10 pmol,
dNTP: each 10 nmol,
Ex Tag*: 1.25 U and
10 x BEx Tag buffer: 5 pL

were mixed, and sterilized water was added thereto up to

"the total volume of 50 uL.

{(*supplied from TAKARA BIO INC.)
[0310] 3.3.1.3: Reaction conditions for PCR

The PCR reaction was performed by uéing the reaction
solution prepared in the aforementioned procedure and the

PCR apparatus and using the program repeating 30 cycles of

the reaction at 95°C for 30 seconds --> 55°C for 30

seconds --> 72°C for one minute

[0311] 3.3.1.4: Purification of PCR product

The PCR product obtained in the aforementioned
procedure was subjected to 1% agarose gel electrophoresis,
and stained with ethidium bromide. Subseguently a gel
fragment containing a band around 1.5 kb was cut out under

the ultraviolet light irradiation, and the PCR product in
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After conpleting the reaction, the reaction product

was run on 1% agarose gel el ectrophoresis. A band

(around about 1.5 kb) corresponding to the KOD RFCL

gene was cut out and the RFEEQPNA fragnent was

purified fromthe gel using 20 PCR DNA and Cel

Band Purification Kit (Anershan1Bioscience) accordi ng
its ul ati on manual . [0319] 3. Expr essi on
§ e DR & G 69 SERRD S PR OHA Boy Gel

vmlcdqum t tr el
and Xhol ﬂgylfdh%%&gg{%ol Wg%gﬁﬁacdtﬁd |%Z%?qstg\ld

madsqﬁtalwn Zeapued x Restriction enzynme buffer: 5 L
ctlo zy 2 .units Restrjction enzyne
iﬁ%l unlrgt ?[%g’ll\buu%icelﬁ l&%qf} é&’é:& to the
af or er‘m‘rﬁ iponed ied XAR @riiRiddr thes th.tg%ﬂte\tmtlebl'n?ntﬁll%a
h& VWH s then 104 left stand at 37C for hours.
Jt Idgﬁﬁ A5y (HReRae & dit t R KA&REc BI6h I@ﬂodu@tccordlng
r el ect r,ophor.esi s.
(ar ound n%&o#@%g% %b%a%?(?rlr esgﬁgn& a0 % & ?%'%&wt(TAKARA
fBIYOM I0¥C .t) h&Ja\sed:tt@mscfE'lEﬂ%Qa Wit haW 104tk tad PoRe product,

&E% 9a DI\lAfra%@nt was purified from_ the gel using
degard B il &0icgn Piate (Geaitshamng 100

?83?‘% O P L oo NV BRC PR P SPSnaPoRRAERoRE -
e, ) KGRREGL tNA S 139 q%ﬁ%lggogtﬂﬁh apd 3the Qggfggghg»%b

10 fragrrent (50 ng) "obtained in the aforenentione
igdedane E .weiod. ir edoned hasiing DNa PiCBabpirodukitt. V2

(A R E s Tl ers SRR B o on

Ii:lh@:atalg@m @mtvzwe@zmeta@ledt Hen3 ALRbf the LB liquid medium

(containing 100 pg/mL of ampicillin) at 37°C overnight with
shaking, and then a plasmid DNA was prepared according to
the standard method.
[0314] 3.3.1.6: Confirmation of sequence by sequencing
Concerning the aforementioned plasmid DNA, the DNA
sequence inserted into the recognition site of the
restriction enzyme HincII in the plasmid vector pUCl1l8 was
examined using the DNA sequencer. As a result, it was
confirmed that the open reading frame of the KOD-RFCL gene
was retained, the restriction enzyme NdeI recognition
sequence was added to the 5' end and the restriction enzyme
XhoI recognition sequénce was added the 3' end in the
inserted portion. This plasmid vector was designated as
pUC118/KRFCL.
[0315] 3.3.1.7: Preparation of expression plasmid of
KOD-RFCL |
The plasmid pUC118/KRFCL was doubly cleaved with the

restriction enzymes NdeI and XhoI to prepare an RFCL gene
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Sterile water was added to the aforenenti oned m xture
up to the total volune of 10 L, which was then reacted
at 16C for 30 minutes. [0324] 100 L of E. <coli BL21
(DE3) (Novagen) was 20 transformed with this ligation
product (3 L). The solutionl§f transformed E. coli
was seeded on the LB agar plate (containing 30 g/nL of
kanamycin) and left stand to culture at 37C
dregmeght.. Theegenel doegmentt kascdhiserceloanes taened
on the agar Iate wer e cultureg with 25 shaking . in 3
PG SCH nLgeF Fqti onmBEPARCEc S FaPﬁPﬁﬁsééonggP%EOBfOf KOD-
kagtamyci n) at 37C overnight, and a plasm d DNA was
prepared according to standard net hods. [0325]
30§1ﬁ]11 @oﬁfﬂrﬁa?ﬁ@ﬁaéﬁtQQQu@ﬁcBFE@ S¥juénapngnt

Concerging; LG4 gpgﬁﬁgkgggsm @oquE+%gge%é§g the

sequence S&rt d°vector
treatriegiencenzymtbeNdedi antly XabIt He mhsefbedoenhg reaction
mere exam ned wusing DNA sequencer. As a result, in
8VPtMasni d DNA, the 105 ORF (open reading frame) of
trhe1K@D- RFCL gene was conpletely inserted between

Ndel and Xhol sites which were nulticloning sites.

Thi s plasmid D¥Rai Bi pg the KOD- RFCL gene was

desi gnated as pKRFCL (FIG 32 5 [0326] As shown in

FIG 39, xi Regssicsnppr padymRabufferts5 BEonot er and

bs (ELhesone;bndhog.si gl whEC REL- 298 had,  the

open readi ng CL gene "and the T7
term Rasariweienakhgped Khotthi § andes i n pKRFCL. |t

?xpected that this plasm Xpr ss t he RFCL

3@%&8 168teRel PaW@EeénﬂéﬁtadgﬁgO?P 5! § 3. OEFHﬁPEQOBPd

ﬁ ggsuge@8 2nd %89&? %g&h%@ o%fS%XﬁFeS%BQEhPLQE”kHen
ccor t

Non-pat en CUNEn has been

eqaa&%@dwﬁmﬁtthaerég@rBE€§oaeEﬁz f#eRBapk 3B for 2 hours.
BD182,829) is 15 encoded by 2,601 bases in ful
Héﬁgﬁhcam@l@@nng|hbeongactlon, the reaction product was run

on 1% agarose gel electrophoresis. A band (around about
1.5 kb) corresponding to the KOD-RFCL gene was cut out and
the RFCL DNA fragment was purified from the gel using GFX
PCR DNA and Gel Band Purification Kit (Amersham Bioscience)
according to its manipulation manual.
[0319] 3.3.1.9: Expression vector pET-2%a

The vector DNA pET-29%a (Novagen, US) was doubly
cleaved with the restriction enzymes Ndel and XhoI by the
following reaction.
[0320]

Plasmid DNA: 2 ug

10 x Restriction enzyme buffer: 5 pL
Restriction enzyme NdeI: 5 units
Restriction enzyme Xhol: 5 units

[0321] Sterile water was added to the aforementioned

mixture up to the total volume of 50 pL, which was then
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intein, and that the N termnal extein is encoded by
177 bases and the Ctermnal extein is encoded by 804
bases (not including the term nation codon). The base
sequence of the KOD RFCS gene (mature type sequence
obtai ned by 20 renoving the iift%ein portion) is shown
in SEQID NO 42 in Sequence Listing. [0328] Upon
produci ng the RFCS expression vector as shown in FIG

A% istsind he KGPeREES gensuib. fUAftéﬁn@bﬁpléﬂﬁhgdtﬂg
the intein was cloned (S331 to S334) using
FEESEG RNt (et WS askisin PRosidin e swera erdilei agareye gel

i f RCR rea n t 6 a then t he
%g{@ud rtél o%%ésﬁé(s g?o r%e t(E:ilrn?ie (3? %%Zlg %Ik—%é% )‘E’Wh1 e?‘g the two
exreiesponad nge e iduend tarad ghite fioneiofl hae lveenorepBTed 9a

was repared Th S RECS s i ncorporated .in

PRE SO pirecurh e tnr 20ayshh d I6gIGF L Pgsopritied From
3hd geli vEionl rexofecRFERATERG G%lf@Ehd|®ﬂQEE1catlon Kit
including intein 3.3.2.1.1: PCR priners 106

KEDERPESTE Bicispdengsd ROBDORFACSORtEr iivsr mpSEQUILBLNGS: mgnual.
i n Fahl ). d

B926] Tt oAb 48R B PR P o

Pri rreﬁhseqi@@ﬁ@ﬂ:&' BNA3'fr8gQehnd NIG)OOnag& KOB RRESpETakga DNA

%%%gﬂggtgggo ég gt%&ne P63§§F afs Fg§ﬁ§n%ggnghtp%g%edure

enposichicerdf QrslBgRDNﬁa%'g@@l?éheKE@VGGQ@KK@R@'\%IO INC.) as

prepared in the aforenentioned 3.1 was used as the

tf@ﬁféloa’ﬁe for PCR The PCR reaction 10 sol ution has the
frgkbawi ng %EBO?N%W g%}a%ﬁgglﬂqtslobonge added to 50 L of

the réeacti on so
PET-29a DNA fragment: 50 ng

DNA Ligation Kit V2 enzyme solution: 5 uL

Sterile water was added to the aforementioned mixture
up to the total volume of 10 pL, which was then reacted at
16°C for 30 minutes.

(03243 100 pL of E. coli BL21 (DE3) (Novagen) was

transformed with this ligation product (3 pL). The

solution of transformed E. coli was seeded on the LB agar
plate (containing 30 pg/mL of kanamycin) and left stand to

culture at 37°C overnight. Three colonies in E. coli
colonies formed on the agar plate were cultured with

shaking in 3 mL of the LB liquid medium (containing 30

pg/mL of kanamycin) at 37°C overnight, and a plasmid DNA

~was prepared according to standard methods.

[0325] 3.3.1.11: Confirmation of sequence by sequencing
Concerning the aforementioned plasmid DNA, the DNA

sequence inserted in the plasmid vector pET-2%9a and the

sequence in the vicinity of the inserted site were examined

using DNA sequencer. As a result, in all plasmid DNA, the
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Tenpl ate DNA: 100 ng, Priners: each 10 pnol, dNTP
each 10 nnol, 15 Ex Tag*: 1.25 U and 10 x Ex Taq
buffer: 5 L were m xed, and sterilized water was added
thereto up to the total volune of 50L. (*supplied
from TAKARA BIO INC.) 20 [0332° 3.3.2.1.3: Reaction
conditions for PCR The PCR reaction was perforned by
using the reaction solution prepared in the
éﬂﬁ?dmaﬂn(n&aﬁmmpdhﬁmwﬁ aﬁﬁtﬁheKdHJRRmmaﬁﬁkuwayui

_E%; thgﬁp g%ﬁggg%: G%B%P §¥cles the rea %%hwere

mtﬁ@fldﬁi@xg’nsﬁlﬂe%- [ @333 pdadmddl r‘éta@lﬂﬁlnfgl Gl %UlfRFCL
PCR product The PCR product obtained in the

éF%F%ﬁEﬁ%I aﬁﬁﬁb@§u§§3W5§l§§Eﬁéc€%H -t0 1% agar ose
eCt “?%h%rh%%a'n inl ¥, a%"% Stﬁ' Sqt'h%"m'%'dd 'YW the T7
bro sequent 'y a gel ragne
kpa:lmoeuecuradldz x®skdr\mﬂwte <h11t1dti|m¢ers1ttehe wt}nlltcma\plﬂﬁ—eﬁa had,
ht |rrad| and t he PCR product in the ge
% S s PR 157 2euSiing N R PORIBUA and ' &8 8and
R@&mﬁm@@k&ome@d dﬂﬁﬁmﬁﬁaﬁﬁt%Q%ob@H%& 49 WKRFCL. It was
mani pul ati on manual . [0334] 3.3.2.1.5: Su cl oni ng of
PEReSEEU SR athé higr Plipgal opledgerrRes thgaREFlt gene in
i . BAP (TAKARA BI O I NC.) using TaKaRa BKL
Qﬁ%l&% E? Igl‘r‘[4c>iJ]é)1%BIO INC.) according to the

'd@@ﬁﬁdlatl6n3wﬁnu@ﬂonﬁs@h®ﬁlKbDaR@GBIg@Héaa@BA&ARétruction

was transfarmed wth this |igated PCR

BI.O, | NC.
SFO&EEFFE CCh PlEs™Hen seeded on the LB agar plate

(cont alctiote 1190 t@/ Nonobad@pitC ipblcufient0 19/, M ¢ @k sl BEGn
and 40 g/ nmL of X-GAL), and cul tured by IeaV|ng 15 stand

FEPIEESHy EPAtgRet 5OP|'8IF§Sa|§TeEe d6enBandndDhabBPng2,829) is

encoded by 2,601 bases in full length and contains one
intein, and that the N terminal extein is encoded by 177
bases and the C terminal extein is encoded by 804 bases
(not including the termination codon). The base sequénce
of the KOD-RFCS gene (mature type sequence obtained by
removing the intein portion) is shown in SEQ ID NQ:42 in
Sequence Listing,

[0328] Upon producing the RFCS expression vector as
shown in FIG. 33, first the KOD-RFCS gene in full length
including the intein was cloned (S331 to $334) using PCR,
subsequently two extein fragments were individually
amplified by PCR reaction (S335 to S$336), and then the
mature RFCS {also referred te as RFCSm) where the two
exteins had been bound and the intein had been removed was
prepared. This mature RFCS was incorporated in the
expression vector (S337 to S339).

[0329] 3.3.2.1: Cloning of RFCS gene in full length
including intein

3.3.2.1.1: PCR primers
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the PCR product. [0335] An E. coli col ony exhibiting
the white color on the agar plate was cultured in 3
mL of the LB liquid nmedium (containing 100 g/ nlL of
anpicillin) at 37C overni ght Wﬂ h 20 shaking, and then
a plasm d DNA was prepared aétording to the standard
met hod. [0336] 3.3.2.1.6: Confirmation of sequence by
sequenci n Concerning the af orenenti oned pl asm d DNA,
t he DRDSEGFeric @ nimsesr tted KPR GeR mirdmeon (GFLy T NOS:43
i nclds 25 iAqiyon Si t f,the . pl aspd vector '

E%%ﬁfg ég§q§§§%$é§' “ﬁ%%h%%:%a%%ﬁﬁ%%%ﬁ%%é%%@?&?'a

the inserted portion conpletely conprises the

exteins in __the RFCS gene, and

SR
f 1
?%%3%% it R S Tgfe@ 4 pUOKRREES. [ 0337]

Prindr2] Bl N MHe Ol SE4LELAS GVempyal of fntel sgéoxn NO
3.3.2.2.1: Priners for binding exteins RFCS Nde-
prEMfer and RFCS-ExI-R priner (SEQ ID NCS: 45 @and 48 in

Pa Vot ba n 102

1ﬁ§?ﬂ%q%%1§n%Fgg§§er%$§Q§%%t%ﬁ%féggréﬁéfégnav 437"

RECSRSaIS-R | pea net t (S5 &&m48g@n§a£fbct@é Tabhe 27)
ed as the PCR prinmers for the ferm na

lwere prepar
extein. For the purpose of perform ng the cloning

easily, the restriction enzyne 5 Ndel sequence was
added to the 5 end of the RFCS-Nde-F priner, and the
rn@sSt3dilct i 0B .8n2y e 2Salbmpegicioe fas @dfdedeataibn end

of RFCS-Sal-R priner. The conpl enentar seqguences ,
uti|i§§& %Rgng€ﬁsmﬁﬁoD§ BFﬁPPFSgﬁéHt§¥ﬁe@£gF8§88t1896d 3.1
RER veee psothdedchpibhe REESPEX.,- RTRel BER 20dcthen
RFCS- 10 Ex2-F prinmer. [0338) Table 22 Priners for

BPAYIAGIKEPSREES &RLePHING 6PMPeRdEabn dhmprpgsnyo be added
%Big%ruéEg%IEhePEEg% iggqgggﬁ ighT?>3

Template DNA: 100 ng,

Primers: each 10 pmol,

dNTP: each 10 nmol,

Ex Tag*: 1.25 U and

10 x Ex Taq buffer: 5 uL
were mixed, and sterilized water was added thereto up to
the total volume of 50pL.
(*supplied from TAKARA BIO INC.)
[0332] 3.3.2.1.3: Reaction conditions for PCR

The PCR reaction was performed by using the reaction
sclution prepared in the aforementioned procedure and the
PCR apparatus and using the program repeating 30 cycles of
the reaction at 95°C for 30 seconds --> 55°C for 30
seconds -=> 72°C for one minute.
[03331 3.3.2.1.4: Purification of PCR product

The PCR product obtained in the aforementioned

procedure was subjected to 1% agarose gel electrophoresis,
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name NO RFCS-Nde-F cca tat gtc cga gga agt gaa gga ag
45 RFCS-Sal-R gtc gac tca ctt acc cat aat cgt gaa ctg
46 RFCS-Ex2-F cgt cgg gaa gac aac cgc tgc act ggc ttt
ag 47 RFCS-ExlI-R cag cgg tt ct tcc cga cgc cgg gtg
gc 48 15 [0339) 3.3.2.2.2: hbosition of PCR
reaction solution The PCR reaction for anplifying two
exteins was perforned using the follow ng conposition
E&Fo FrRd Ne@ e thagibd digmsprgmige .t hEubeagueomnly a gel

R HrS AR 10 bR CE TPAGS. 21 7RO UraRACTD Rl e

Tag buffrenviocleRl 125hwete rakdiedioand aptiethki zed pabatct in
thereto up to .the total volunme of 50 L

adde ) .
§u88|i%&aSPSHFTKRﬁRRUEFéﬁFﬁcP?lfegGFFoﬁﬁﬁ]DNA and Gel
BaBd2 pard i cReachi entcqRdictians) f ab-BER: I BOR:

reaction was performed by using the reaction soFution
peagaidatiipnt menapédrement i oned procedure and the PCR

nat us an skng.t ramr in 0 cycl es of
B?%éﬁreac?rgﬁgéé'85cgﬁggﬁggl§g08§8§eh-Eggéepgor 30
seconliae- prriZCefioPCBNprotogtewa0344kt 343t 3. gudi11s-

uritication, of PCR product PCR products obtained in
RO PERoNEREABE BrDceltr & VnsPe Sk Ba: BHot BLby(TAkaRA
aqar@ge.gebc@beeiﬁgpher%ﬁgsmaamﬂu19t§gglﬂsﬂuﬁhth

et hi di um brom de. band of about 180 bases was

Gbséevddhiin théipbBfact TAKARERRWOt INChe %€k etahB€ormed
RFgﬁ-Qge-F griner and the RFCS-Ex|-R priner. A band of
¥hGit 868 bigR5eHaECBbREPGRATT nWhhEh pYaBUERSRf SPEfRed on the

wh! Qohlep1aeL. 0LohS: RELS FY6 figPhL "8 AMP1& P1in, 40 pg/me
pri ner.

of IPTG, and 40 pg/mL of X-GAL),and cultured by leaving
stand at 37°C overnight to yield an E. coli clone having
the PCR product.

[0335] An E. coli colony exhibiting the white color on
the agar plate was cultured in 3 mL of the LB ligquid medium
(containing 100 pg/mL of ampicillin) at 37°C overnight with
shaking, and then a plasmid DNA was prepared according to
the standard method.

-[0336] 3.3.2.1.6: Confirmation of sequence by sequencing

Concerning the aforementioned plasmid DNA, the DNA
sequence inserted in the restriction enzyme HincII
recognition site of the plasmid vector pUCl1l8 was examined
using the DNA sequencer. As a result, the inserted portion
completely comprises the base sequence of two exteins in
the RFCS gene, and this plésmid was designed as pUC/KRFCS.
[0337] 3.3.2.2: Binding of exteins (removal of intein)
3.3.2.2.1: Primers for binding exteins

RFCS-Nde-F primer and RFCS-Ex1-R primer (SEQ ID NOS:45

and 48 in Table 22) were prepared as the PCR primers for
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15 The gel fragnment containing each band was cut out
under the wultraviolet light irradiation, and the PCR
product in the gel fragnment was purified using G-X

PCR DNA and Gel Band Purification Kit (Amershan
according to its nanipulatio&eamanual. 20 [0342]
3.3.2.2.5: PCR fusion reaction The PCR products of two
exteins were fused by subjecting themto PCR in one
tiliee Nudienmpiord settedfh .t h&FOSHF¥E-§ toar iyieal dndh®FgSrSal-R

fra nent mat ur.e RFCS. . _Th etail thereof

o GEE b eR S Mo e G TrbAT ShedrrRgPTerazed as
maacmmmnp@&m@w& eetreithePCR R WES ext@S nRer FokM e purpose
with the follow ng conposition.. N termnal extein
F%agﬁgﬁprmzng (t&6r Cd9pdng Bg stid Y50 thegrestrieitdionalenzyme

n e nal,n 0 0

Rl ol T e A i
e reefror emeintthened st10 ctdomp esizlymen Sef It eetftentet alas added

m me of, 44. « Ih oramM|ond m xtyre was
4 BTE R GbRet-BAT R IR SR el 5B bd 2adun
seqdéacerent3q iFedui@en tb@3ﬁﬁb B&%e&alkgwbﬁgﬁtgeh@re fused
added to the aforenentioned 5 reaction solution.

PMTPCRS weree RERVidedmdn) thgd RFES-T&#d~R primer(2ng ghe RFCS-

QQSFHF&E e was reacted at 72C for 10 m nutes.
(*sup 5 ?roanAKARA BIO INC) 10 [0345] 10 pnol

é@@BBGf RFCS- Nde- F priner and RFCS-Sal -R priner was

d f d he PCR
P43 67 At BePPorReaPaBEnG o RO TRBG AR BpRAL | RgZaenoval
e¥clieseaf)t he reaction at 95C for 30 seconds --> 55C

for 30 seconds --> _72C for one_mnute
' Primer SEQ ID
Primer sequence 5'==>3"

name NO
RFCS-Nde-F | cca tat gtc cga gga agt gaa gga ag 45
RFCS-8al-R | gtc gac tca ctt acc cat aat cgt gaa ctg 46
RFCS-Ex2-F | cgt cgg gaa gac aac cgec tgc act ggc ttt ag 47
RFCS-Ex1-R | cag cgg ttg tct tcc cga cgec cgg gtg gc 438
[0339] 3.3.2.2.2: Composition of PCR reaction solution

The PCR reaction for amplifying two exteins was
performed using the following composition (amounts to be
added to 50 uL of the reaction system).

pUC/KRFCS DNA: 50 ng

Primers: each 10 pmol

dNTP: each 10 nmol

Ex Tag*: 1.25 U and

10 x Ex Taq buffer: 5 uL
were mixed, and sterilized water was added thereto up to
the total volume of 50 L.

{*supplied from TAKARA BIO INC.)
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15 [0346] 3.3.2.2.6: Cleavage with restriction enzynes
and purification of PCR product The PCR product
obtained in the aforenentioned procedure was purified
by et hanol precipitationaccabg ng to the standard
met hod. The purified DNA fragnent was 20 doubly
cleaved with the restriction enzynes Ndel and Sal |

PCR product: corresponding to 1 g 10 x Restriction
ditAfRE buf f3er3- 25 2. 3 -ReReacttiioon comziing ode lfor5 POR t S

Rest r gt Sall: 5 units 2 teril.e er was
addedng ?ﬁgﬁg%%ggﬁgﬁtP@ﬁé&erg%ﬁgﬁ ] W6H5&69¥%EFh§eaCtlon
tsotlalt ivol prepefredl i, taved atfee cRERt ipheduetrowesiutleeayed the

%#%Q the restrictjion enzynes at 37C for 2 hours.

PREGTRIES ARGt N iPgatdifoRrogre™ &aPeiréAndpPidgycles of
I %_agaese | el ectrophoresis. d

T s A P S A e et

fseagmeRrt --of tveci phei B5e (fP4QALNG the mature RFCS)
was cut out, and 111 the fragnment was purified using

GPR4ARER DNA-3nd - el : B 1 fRgritfboabifo®CRI broAmetsham

Bi osci,gnce). 7 .3.2.2.7: eavage of _expressi on
Dot oPeRC ol R 8 b adiBal s b o Ry B SR B g e ure
bhaepETbd tateNovagen) awasodeubky eheavedphwi-bBikheand

r%striction enzynes Ndel and Sall. [0348] Plasm d DNA:
5tagneg %lﬁﬁsFF%&Q'Hﬁ Bropddepuf febang pt RbspE| é8Pohases

QRBYEBshdelby $nuRhbspl tBECHERN YPRSaLkk:
units F0349] SPeriIepmgsggﬁmgg gggeg§?§ ?ﬁg Bt o the
gFepPeleatFopedmen rndr ehepRFGStArltBt pkimekumerobahf of

ool § B ble LS b BA  HEA P ShuEentt Bagorten ehe
was ofinthe R¥CagEkese pelimdd gh@Cthephecssksi-A panfer.
&ﬁéogg %Egghegt4cgg aining each band was cut out under the
ultraviolet light irradiation, and the PCR product in the
gel fragment was purified using GFX PCR DNA and Gel Band
Purification Kit (Amersham) according to its manipﬁlation
manual.
[0342] 3.3.2.2.5: PCR fusion reaction

The PCR products of two exteins were fused by
subjecting them to PCR in one tube using one set of the
primers to yield the gene fragment encoding the mature RFCS.
The detail thereof will be described below.

[0343] An annealing reaction of two extein PCR products

was performed with the following composition.
N terminal extein fragment: 2 pulL (corresponding to 50
ng), ‘

C terminal extein fragment: 2 pL ({corresponding to 50

ng) and
10 x Ex Taq buffer: 5 plL.

Sterile water was added to the aforementioned
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corresponding to the straight formof the vector DNA
pET- 2l1la was cut out and the pET-2l1a DNA fragnent was
purified fromthe gel using G-X PCR DNA and Cel Band
Purification Kkit (AmershanwE%g§C|ence) according to

its mani pul ation 20 manual 50] 3.3.2.2.8:

Li gation reaction and transformati on The DNA fragnent

of about 1 kb (100 ng) predicted to be the fused
feaypentit oén tww tmttahmstc(tearmad:bngné hef 4 1§ quL RFCS)

and the pET-21a DNA fragnment (50 ng) obtained in the

25 af o?@re@ﬁ@ﬁ%ﬂ‘p*%@gum@wee vaadiettesialg NG for 3

Li gat TAKA| Bl O | NC. foll [ 0351
s flrﬁ?ﬁra]( 3 %n%ﬁ?‘shio”ff’%ﬁgeé @1%0 RS pa%“ﬁ'éap msou]ﬁgs
DINfs 44 pat i thé('ﬁol\'j?ovﬁﬂ'?c_}’%é% Wl & L0 a%cﬁféde%tloned

wat er was added to the af orenenti oned m xture
tHR2sHiean Dl 10 L, which was t hen reacted at

16C fo ] te 12 [0352] 100 L of E. coli BL21
( DE3) @[h\ﬁ@&'%% ]fl Hhargnedd th this ligation
pr odugt,, (T}d&% tqwe 2utg (HSI of transformed E. coli

was seede agar ‘ate (containing 100 g/ nL

of anphgid IniRtand \Ja@c tredcandd S 0720’%' EBEelﬁt m§*z§tes

overn| ht. Three colonies in E coli col oni es fornmed
ol TP fmcatté'"}\,@?é\cﬁ;mllﬁ@dwth shaklng|n3m_

ofgy LB I4i m 00 mL
a[ITpsf{B?]I | | n)1Cg ngjfcegavcglr i gﬁ{kt g‘ plpafslﬁqged‘ @IQ/QT R —Sal-R
Erepe e o 2aC eaidiidg d a st &lﬂﬂ)@fe(ﬁleﬁ‘ﬂ:tﬂ&% miGth3293land the PCR

3.3.2.2.9: Confirmation of se nce by sequencing
%aa%&eﬁf&%tqw%ﬂ%%wwrwtm 30

%ﬁfty’i %f q:%%rt %(LJH:QOtrih%.tplfa%%@ ?OFh ?%g E{Igél gS"C for

sequence in the vicinity o

Y e cdsned > ysieagrbhe.PALSRGUENCer. As a result
t he sequence of 15 mature RFCSm (984 bases) bi nding

ths 484t ei nS -Co@ntlaifrti fdeavage with restriction enzymes and
purification of PCR product

The PCR product obtained in the aforementioned
procedure was purified by ethanol precipitation according
to the standard method. The purified DNA fragment was
doubly cleaved with the restriction enzymes NdeI and Sall.

PCR product: corresponding to 1 pg

- 10 x Restriction enzyme buffer: 5 pL
Restriction enzyme NdeI: 5 units
Restriction enzyme Sall: 5 units

Sterile water was added to the aforementioned
composition up to the total volume of 50 uL, and the PCR

product was cleaved with the restriction enzymes at 37°C
for 2 hours. After completing the reaction, the reaction
product was run on 2% agarose gel electrophoresis. A band
(around about 1 kb) supposed to contain the fused fragment

of two inteins (encoding the mature RFCS) was cut out, and
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intein) was identified between Ndel site and Sall site
which were nmulticloning sites (designated as pKRFCSn) .
[0354] As shown in FIG 34, it was confirmed that the
T7 pronoter and rbs (ribosogﬁgbinding site) which
pET-21a had, 20 the mature gene open reading
frame and the T7 term nator were aligned in this
order in pKRFCSm It was expected that this plasmd
(&I Gragpraksvaneryht it ed RFESNT geRd PERt DA | apgeGel Band
- 5k 3. . ar at | OD- RFC
ggggggg?ggggt%Eﬁnﬁag%régéﬂeéﬁéﬁgggﬁé " BL21- CodonPI us
(DE2YIRI L 9@3.2s2ntl taheausty 6f anshossetom tdcipdRAOLT-21a
nd the expression strain having both

KRFCS
g?g%ﬁfﬁétﬁgéti%?a?%%ﬂﬂ%ﬁ doubl e sel ection of the

“transtee mastt ok tNANPETL 214 N (ROFa kRN AT dously [OBSS)ea

3.3.4: Purification of KOD-RFC protein As shown in
ELE: BBe Bepiephakben ornwasedbide heandySakbi | ecting the

] i al | s, trif ti S351), 113
E?gégg{?nggfﬁ%§h$Z?%£Pa I%%??sl?ﬂlgrasoLic di srupti on,
5352) 3o boi king - for: S E@pﬁ@% %ﬁg%%sﬁ)e]ﬁ orm ng the

pol yet hyl enel m ne pre perform ng the

~amonRest st abe quegieiNations (o365, perform ng the

5 affinity. chromat ograph 5356, using H Trap Heparin
HP asﬂ{%St;c{JdFBJrﬁf} %%r%%ﬁn nmy e el filtration

ChB oopt Ogr Sty 14 SAbler Upd $10: RIS 8% KON £ o 4 dmdBSi oned
confirmed by SDS-PAGE that the purity of 90% or nore

wastass unedt ¢ ntlad | tprebarat wonsot M 10354 i vak then
Culturing of mcrobial cells and induction of

P 25t athe’ Hloferert howes -ex pridssi ovmplesilngnade
FUASHLSH WAL - SIBUI00 b ka7 0Tl LR PAL AT
dbeanycpin) reati 8.7 C.A Thend 5( £xpiss Ssdissutnes. 4 rghiced by
g%%@@ éé)f%éiégngﬁgngféé§é%t form of the vector DNA pET-
2la was cut out and the pET-2la DNA fragment was purified
from the gel using GFX PCR DNA and Gel Band Purification
kit (Amersham Bioscience} according to its manipulation
manual.
[0350] 3.3.2.2.8: Ligation reaction and transformation
The DNA fragment of about 1 kb (100 ng) predicted to
be the fused fragment of two inteins (encoding the mature
RFCS) and the pET-21la DNA fragment (50 ng) obtained in the
aforementioned procedure were reacted using DNA Ligation
Kit V2 (TAKARA BIO INC.)} as follows.
[0351}] 1 kb DNA fragment: 100 ng

pET~21a DNA fragment: 50 ng

DNA Ligation Kit V2 enzyme solution: 5 uL

Sterile water was added to the aforementioned mixture
up to the total volume of 10 uL, which was then reacted at

16°C for 30 minutes.
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t hi ogal act opyranosi de) at a final concentration of 0.1
nmM when OD600 at the logarithm c growh phase was 0.3
to 0.5, and after inducing the expression, the
culturing was continued for V\gout 3 hours. Mcrobia
cells after the 20 cul turing re collected by
centrifugation (4C, 6,000 xg, 6 mnutes). [0358]

.3.3.4.2: Disruption of mcrobial cells The mcrobia

€eBb2] preciPbtpl edf by. ceolfiBLgAt (DEB) W@V SpSPEndes
in 25 nL of the buffer B (aforenentioned), 25 and
Branapeeacdyv it rRbni Jelg@*@a@ﬁemodle@% LB, 4. Bhe

éré &EE@H%W {gal!???&rxﬁ% %r“%f? vﬂér%’%@édceﬁ'the 1B agar

utlon was m nut es sUb%equeht

pEﬁltél wgﬁﬂaiﬁﬁm 000 & O ﬂzﬁu 85 axigam&f-'ﬁlﬁp mlﬁéfttil@and

super nat ant . 0360] ol yet hyl enei m ne
’poecilbtuaei an 3'F3tﬂ yetelrgdze;’nﬂj i r'Irhx(e% grA. dPHFEA 3N EaS coli
ed, at final concentration of 0.18% ( m/%%% whi ch
SRESRHEN Borhidionncreciaan o ore PR ik e ddhi L
§@w1h§nlma§ ®ENG £ i geds (11&1159@ ﬁ@luﬁqc&&ﬂﬂw%o

to yield a supernatant. [0361] Anmoni um
polfatef prraeiEilbinpnabd. B1°Q cOiferaimjhal‘trJ,umnsiJlaf atlasmid DNA
%final concentration of 5 80% was added to 10 niL of

P ROPRIFSY aMtCRRERY i P et P2 T ¢ ¢ hOED: i nutes to

pogsapitate @ Prot el ncodPLrmPt £S4 b £ aLd éﬁbﬂ@@ by segquencing
coll ected by centrifugation (18,500 xg, éy

m nut%@l)celsmbs@qEMtworQIh@rstmre@d mlaﬁmxm ws the DNA
SLae0nd8% ML LNEy DHL T Ele G {2161 £ PRI ODEGRT AL L1y 1he

t1ng sor |on was di‘alyze agalns
@ekf;lﬁemcél in [ﬂ%zx}lalzsmy 6of Aftid mﬂs/e:@&tfwrmtwrw@m dfmined

diahﬁﬁed saggle was purified u3|ng H|Trap Heparin HP
TR MEFAERRYSET encey . 2 0363t THe '@ atffeeneR of

15k 116 24 w@é}nt hesd | head s griadi e oéwo 15:% dnd o &bB: MPng no
NaCl / 17.5 at the flowrate o
intein) was 1dent1f1ed between NdeI site and Sall site

which were multicloning sites (designated as pKRFCSm) .
[0354] As shown in FIG. 34, it was confirmed that the T7-
promoter and rbs (ribosome binding site} which pET-21la had,
the mature RFCS gene open reading frame and the T7
terminator were aligned in this order in pKRFCSm. It was
expected that this plasmid would express the mature RFCS
gene in the large amount.
[0355] 3.3.3: Preparation of KOD~RFC expression strain
Escherichia coli BLZ21-CodonPlus (DE3)-RIL was
simultaneously transformed with pKRFCL and pKRFCSm, and the
expression strain having both plasmids was obtained by
double selection of the transformant with ampicillin and
kanamycin.
[0356] 3.3.4: Purification of KOD-RFC protein
As shown in FIG. 35, a preparation was obtained by

cocllecting the microbial cells by centrifugation (S351),
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m./mnute to yield a peak fraction. [0364] 3.3.4.7:
CGel filtration chronmatography The peak fraction in the
H Trap Heparin affinity chromatography was further
purified by gel filtration 9 chr omat ogr aphy usi ng
Super dex 200 (aforenentionedi fo obtain a preparation
for assays. The resulting preparati on was applied onto
t he pol yacryl am de gel el ectrophoresis to confirmthe
foseuptangskihe mhdrgbbdlpqeliscaulbnasbnihedisruption,

Eﬁggcﬂéo %aﬂtggﬁe e??%% ??#gﬁb e ?%%?QESQ%%red

pnlyéehyaéQEEﬂEﬁélpﬁédlpiﬁﬁﬁﬂ@ﬂe snsnhﬁ %&Eformlng the
anplification system partlcular g the PCR reaction
§§§P%h¥ﬂa§uéﬁéﬁﬁn@HeClE$E@F%P%a|$§ 5t heppchormiRy | Bhe

§@§lﬁfﬁ 05H§9m§k55r5$ﬁ¥393§ng'tﬁgfn§f§%ffa§qm5%§yaﬁ?%P as a

al one, FC al one or fnatio ere
ﬁhéumdﬁlBﬂdnp@ffﬂbmen@fthhegeltﬁllhEaEKEhrehrbm@hography

m __The | veI |cat|on of the ta t
TE3P T ver o coHBar oy 0an) okt Hg°t Reperpad ooy 58 eacs
phaduthet putheyebecboopbprests. wddoz 6oures cigl byl

avai | abl e DNA pol ynerases for PCR, KOD DNA pol ynerase
PEBHIBBLEBNS. Ltd.) and Pyrobest DNA pol ynerase

BI r r L O 5
EE e R A e T S el
pnﬁyﬂélaseOEIEKEmwSQwanerase is a DNA pol yrmer ase
der|v§g om t he, t [

haeb .
, Thernnc%c%ugremﬁgahﬂ%?gngé?gééiﬁgﬁ %f?%f%eééﬁgl@&fy%ﬁ@KW1th

BRA YIRS ask 185a1;19e§9 Gal %ﬁé’ B8 LND§ JFW (POLYIBLRSE 50 ug/mL

having the strong 3" --> exonucl ease activity

épr@@ﬁlteaﬂingaﬂ@tswlmg)mlrbfaﬂﬁhém ik 4He€37°C. The
pol ynerase activity, and exhibits the PCR fidelity

dkphessiboanwTagl DMAcpd| yyerddengeheT @l [ ysuseocpy bedadse
QﬁlgggiggtopyrghoéigéF'agxongllefsgbggéﬂgiéglon of 0.1 mM
when ODgype at the logarithmic groﬁth phase was 0.3 to 0.5,
and after inducing the expression, the culturing was

continued for about 3 hours. Microbial cells after the
culturing were collected by centrifugation (4°C, 6,000 xg,
6 minutes).
[0358] 3.3.4.2: Disruption of microbial cells
- The microbial celis precipitated by centrifugation

were suspended in 25 mL of the buffer B (aforementioned),
and disrupted by ultrasonic treatment.
[0359] 3.3.4.3: Treatment with heat

A disrupted microbial cell solution was boiled for 5
minutes, and subsequently centrifuged (18,500 xg, 4°C, 25
minutes to collect the supernatant.
[0360] 3.3.4.4: Polyethyleneimine precipitation

Polyethyleneimine (Sigma P-3143) was added at a final

concentration of 0.18% (w/v), which was then stirred on ice
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15 O her a-type highly accurate enzynes for PCR often
have the slow extension rate. However, it has. been
reported that the present enzyne has the very fast
extension rate (Non-patent ﬁgumant 11). [0367]

4.1.1: Tenplate DNA and reaction priners 20 Lanbda DNA
(GenBank accessi on 02459) was used as the tenplate

DNA. The target sequence for PCR anplification was

tae §8q@éﬂé‘éeﬁronTQSSl&QluleB 42 centhefhgeddal DNPOO xg,

seguences the pr rs used at that tinme were
ghce Hin %fbefse) Jxéeae RO EHAMF 1 n Tabl e 23

additional Bys, 41§ Aﬁﬁé§luﬂagﬁ§f§§ePﬁk@@iﬁlé&ﬁlgﬁ}a

assay Prinmer name Priner sequence 5 ==>
F02 GrCotTy gerammpan @ JUEEa: 25f1m03 @@@:@maﬂm@om

6 ti
sol°ut| onC%dggo?r%E)gﬁtI{gi’on oft]t%%es}lggﬁ??%ﬁn ?]iﬁ?lr%%af%%g on
shewforn30 Tabhese24tandrebipi 0376] a gabteir4 The

Conposi ti on Arount to. be added Final concentration
PERBURT BRiAL 21 2825 0SB hEPEEo¢ 2OPNCPR YL Faoa Fromef 18, 280 xg,

A TARN T SN R T
edshPlved in the buffer C (aforementioned) and the
resulting sclution was dialyzed against the same buffer C.
[0362] 3.3.4.6: Affinity chromatography

The dialyzed sample was purified using HiTrap Heparin
HP column (Amersham Bioscience).
f0363] The sample was eluted with the linear gradient of
0.1 to 0.8 M of NaCl/1l7.5 mL at the flow rate of 1

mL/minute to yield a peak fraction.

[0364] 3.3.4.7: Gel filtration chromatography

The peak fraction in the HiTrap Heparin affinity
chromatography was further purified by gel filtration
chromatography using Superdex 200 (aforementioned) to
obtain a preparation for assays. The resulting preparation
was applied onto the polyacrylamide gel electrophoresis to
confirm the molecular size and good purification of the
preparation (FIG. 36).
f0365] 4: Evaluation of KOD-PCNA mutant

The effect of the PCNA mutant prepared in the
aforementioned procedure on the DNA amplification system,
particularly the PCR reaction system was examined.

Specifically, the PCR reaction was performed with the

-addition of the PCNA mutant alone, RFC alone or the

combination therecf, or with the addition of none of them
to the PCR reaction system. The level of the amplification

of the target region were compared by subjecting the PCR
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25mMmVM M C12 2 L 1nM KODDNA Pol ynerase 0.28L 0.014U/ L

(2.5U L) Accessory protein 1.1L - solution (see Table

25) Sterile water 33.87 L - Total 50 L 10 117 [0371]

Tabl e 25 Conposition of KOD 01 KOD- PCNA13 KOD- RFC

Buf fer* accessory protein ( ng/ R1) (100ng/ R1)

(500ng/gl) solution 1 No KOD-PCNA nor KOD- OL OL DI LL
1.1 RFC 2 KOD-PCNA01(0.6n / L) 0.3 L OL OL 0.8L
BTREBCPCRAOHD. BhEFTFLophopesisO Bwglcommercially available

n + 3 8
B DR r8. o e R LR o b s %o hasTotdo e
DEE. 0. 8ngl PBrEoEs PONM 3001 Bngtate) +TIKARA 38TO. mb D.Svﬁd-;re
REC( 4, / 7_KOD- PCNAL3( 0. 6ng/ RL) + ORL 0. 3L 0.
ﬁ%?a E%gﬁ%(g#{/r‘?_?cm%ﬁffes: 25 TZi s-HCl pH8.0, -
50BBENAC , 450% EEF6ee Obt 5ak03F2kob-Bca PO oA

The af orementi oned reaction soluti on was reacted_ln
PREYPBER®R ng program Reaction at 94C for one ninute

--> (R85 PRA Polymerase is a DNA polymerase derived from

the thermophilic archaebacterium, Thermococcus*

.kodakaraensis KOD-1 strain. The KOD DNA polymerase is a

so-called a-type DNA polymerase having the strong 3' -->
5' exonuclease activity (proof reading activity) in
addition to the polymerase activity, and exhibits the PCR
fidelity higher than Tag DNA polymerase generally used

because of having the 3' --> 5' exonuclease activity.

Other o-type highly accurate enzymes for PCR often have
the slow extension rate. However, it has .been reported
that the present enzyme has the very fast extension rate
(Non-patent Document 11i).
[0367] 4.1.1: Template DNA and reaction primers

Lambda DNA {(GenBank accession 02459) was used as the
template DNA. The target sequence for PCR amplification
was the sequence from 23,119 to 25,142 in the lambda DNA.
The sequences of the primers used at that time were shown

in Table 8, and were also shown in Table 23 additionally.
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10 seconds --> 68C for 15 seconds) 30 cycles --> being
kept at 4C [0373) 4.1.4: E ectrophoresi s After

conpl eting the PCR reaction, tL of 10 x | oading
buffer (gl ycerol 50% bronop P]afﬂ bl ue 0.4% Xyl ene
15 cyanol 0.4% was added to d mxed with 50 L of
the PCR reactlon solution, and 10 L in 50 L of the
reaction solution was then subj ected to 1% agarose
pek68El ectrophoresis. As the el ectrophoresi s marker,

P L ey Lid,) s el The 20

PiGer SRME [ Privele ssQMRe 51 -EbG 37 Under these Spq ID NO

i AR o T TER S SO i

B0%ne 118 | (Chad TAA Adhcid AGC &G&si-wild typ 9y E‘c‘:KiL\‘Sié:

was added, the reaction inhibition was observed (1 ane
2), but when RFC was further added and the anount of
added RFC was increased, the inhibitjon was offset

5913169}16 ext ehs? orEemRPSLEheR | 9§ cRRITLoR M sk
| evel
Fovel 58 Ll Code of . S0ALLLGR Yorg Q0SeIE o i

aaldkels 2heamdazlb ext ensi on and anplification not
gﬁgzggl ng on the addition of KOD RFC were observed.

I ffect was better than those when no accessory
Ppsei i m410 was added and when KOD- PCNAO1 was added in

conhination with C_[0375] 4. 2: Fffect of adding

ROIPPENALE® Pyr obest ABRANE pbPyRer addeds f E&pass

addition of variousl PCNA _mut %nf s on Pyy nﬁQ@Pentﬁaﬁlﬁn

PaphAar B8 (TAKARA BI O I NG Z2Pdommerci bl Iy  0-°ng/HL
i d DNA Sy t-hesi s epzvae deri-vod—f+om neguﬁ

ok %1 was expm ned GSlé%L he PCR|reactioR” "
ohact DN

R rimef 1.25uL 0.5uM
{20pmol/pL)

10x enclosed 5pL ' 1x

Buffer #1

dNTP Mix (2.5mM 4uL 0.2mM

each) .

25mM MgCl, 2UL 1mM

KOD 'DNA Polymerase 0.28uL 0.014U/pL
{2.5U0/pl) '

Accessory protein 1.1ipL -

solution (see

Table 25)

Sterile water 33.87uL -

Total 50ul
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Pol ynmerase is a heat

derived from Pyrococcus sp
exonucl ease activity (proof
enzyne

accurate
pol yner ase
DNA pol yner ase.

is characteri
anplificati

resistant a type DNA pol ynerase

and

zed by
on equi

b

havi ng 3'

readi ng activity).
formng a highly

--> g

20
Thi s

ent to that by Pfu DNA

derived from Pyrococcus furiosus,
[0376] 4.2.1: Tenplate DNA and

and Vent

t@3¢t]l on priners 25 The sane tenplate DNA and priners
af orenmenti oned eval uati on of KOD DNA

| n e
%%?%%Eégse wer e used.

[03771 4.2.2: Conposition of

r egaetd@At SO Wti on The xoonmuusni | jaae-oiNaiBe |eackFON Buffer*

sokttdzasy webesishown | (inonkal es| 260ashi27 B050036/pl)

Tabbrutd6n Conposi ti on |Ampunt t o [be_added Fiha

1c oMo efiDr-atNzonor [k@pbda OBNA 1. 250 @i5ng/ L (ROt / L) FQ2.1pL

PiRrE®r 0. 5L 0.2M (20 nol/ 1) FEO3 Prinmer Qi 5L 0.29M

2( PEOPHCNAQD (0. ey /@ht| oPedrbl | x | Baffer || dWNEP M x 0.8uL
P KEPVACHROID(02 ad/ ud e h )0 - Pylr obest] NA 0. 25L PO 025U/ L 0.4pL
HEKQPrEfF§&eng/BLY 1) Adcessory priotein 1. 3l sol utiaon
s KD-FAHRQL @7fngpett || & - Wit er 37, QLL - 0.8uL OKD
KOD-RFC(Sng/uL)

5 | KOD-PCNA13(0.6ng/uL) QuL 0.3uL OpL 0.8pL

6 | KOD-PCNA13(0.6ng/pL)+ | OuL 0.3uL 0.4uL 0.4pL
KOD-RFC {4ng/uL}

7 | KOD-PCNA13(0.6ng/pL)+ | OuL 0.3uL 0.8uL ouL
KOD-RFC (8ng/pL)

* Buffer: 25mM Tris-HCL pHB.0, 50mM NaCl, 50% Glycerol

[0372] 4.1.3: PCR program,
The aforementioned reaction solution was reacted in
the following program.

Reaction at 94°C for one minute --> (98°C for 5

seconds --> 68°C for 15 seconds) 30 cycles --> being kept
at 4°C
[0373] 4.1.4: Electrophoresis

After completing the PCR reaction, 5 pL of 10 x
loading buffer (glycerol 50%, bromophenol blue 0.4%, Xylene

cyanol 0.4%) was added to and mixed with 50 pL of the PCR

reaction solution, and 10 pL in 50 plL of the reaction
solution was then subjected to 1% agarose gel
As the electrophoresis marker,

Ltd.)

electrophoresis.

lambda/styI markerxr The

(Toyobo Co., was used.

results are shown in FIG. 37.

[0374] 4.1.5: Results

The results were shown in FIG. 37. Under these

experimental conditions, the good extension and

~amplification can be observed with KOD DNA polymerase alone
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Total 50 L [0378] 5 Table 27 Conposition of accessory
protein solution KOD PCNAOL KOD- PCNA13 KOD- RFC buffer*
(400ng/ pl) (400n /pl) (1400n /pl) 1 No KOD- PCNA nor
KOD- RFC Opl Opl Opl 1.3pl 2 KOD-PCNAOLl (2.4n / 1)

0.3pl OP1 Opl 1.0l 3 KOD-PCNMB1 (2.4ng/pl) 0.3pl Dpi

0.5pl 0.5pl +KOD- RFC (14ng/pl) 4 KOD PCNAO1

(2.4ng/pl) 0.3pl Opl 1.01 Opl +KOD-RFC (28ng/pl) 5
KCER®CNAL3 W&eﬂn@lﬁ@lc}um \@1qultﬁm'e HCMpb 1 wdBufddded, the
25mMM Tri s

% d 79 ]
PR e FF oo THe ot et hap Yo gk e rrC was

SO & PNa NAST F £RE T Btk | Aol P the LM OWNG Y OO e DAL,

“for one mnute --> (98C for 5 seconds --> 68C for 1.5

Hrauteibdpieycves offseleisid ket ettaiossmds. 2. 4
he P
EhoELEORACLSS) 3¢ AAer s SOIDl HLT%4 N, RO roged 1001 L

dlidiet Dod Yye 2y | @ngereydnOlae493 avas »ax:lded\flémmtdlen xten
reacti on sol ution,

B redialn et aden Lo oo SRR I it f fpation

A%t 3@ 9581 98! 01 ChECLA@PNDE LSS . KAS-RME were observed.
el ectrophoresis marker, |anbda/styl marker (Toyobo

Tals ef <;tvxsaass deeldte Thehan cghd s when SHOWMCFRSLY protein

‘?_?% é%@é& !?%ese l]?’(;SN}-{r@f r§§uécﬁ(§e JEI? S é@lon with

O experi nent” condi Ti ons,
RRT ensi on and anpllflcatlon can be observed mnth

Eyg?ngt E@%&PO&% rase aléﬁ&né ﬁg]—PeNA to Pyrobest DNA
polymerase

Effect of addition of variocus PCNA mutants on Pyrobest
DNA Polymerase (TAKARA BIO INC.),a commercially distributed
DNA synthesis enzyme derived from genus Pyrococcus, was

examined using the PCR reaction system. Pyrcbest DNA

Polymerase is a heat resistant o type DNA polymerase
derived from Pyrococcus sp. and having 3' --> 5'
exonuclease activity (proof reading activity). This enzyme
is characterized by performing a highly accurate
amplification egquivalent to that by Pfu DNA polymerase
derived from Pyrococcus furiosus, and Veﬁt DNA polymerase.
f0376] 4.2.1: Template DNA and reaction primers

The same template DNA and primers as in the

" aforementiocned evaluation of KOD DNA polymerase were used.

(03771 4,2.2: Composition of reaction solution
The compositions of the reaction solutions were shown

in Tables 26 and 27
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t he sane
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fidelity in additio

5 [0383] 5: Measurenent of

n reaction

of Pfu-PCNA The effect
of adding Pfu-PCNA to the PCR reaction on

tenpl ate

bg¢g?ty was exam ned as to Pyrobest DNA pol ynerase

supplied from TAKARA BIO INC., hereinafter 10

Bebbei Aes abbreviated sinply as "Pyrobest") which was

t he
Composition of accessory
protein solution KOD-PCNAO1L KOD"PCNA].?) KOD-RFC buffer*

{400ng/ul) | (400ng/pl) | (1400ng/nl)

1 | No KOD-PCNA nor KODP-RFC Opl Opl Opl 1.3p1
KOD-PCNAOQL (2.4ng/ul) 0.3u1 Oul Oul 1.0pl1
KOD-PCNAOL (2.4ng/ul)

.3pl Opl 0.5l 0.5ul

3 | +koD-RFC (14ng/pl) 0.3u s B Lo
KCD-PCNAQL (2.4ng/pl)

.3pl opl 1.0ul Oul

4 | +koD-RFC (28ng/pnl) 0.3p H M M

5 | KOD-PCNAL3 (2.4ng/pl} Oul 0.3p1 Opi 1.0pl

*Buffer: 25mM Tris-HCl pH8.0, 50mM NaCl, 50% Glycerol

[0379] 4.2.3:

The aforementioned reaction solution was reacted in

the following progr

94°C for one minute —--> (98°C for 5 seconds --> 68°C

for 1.5 minutes) 30

[0380] 4.2.4:

PCR program

all.

cycles

Electrophoresis

After completing the PCR reaction,

--> being kept at 4°C

5 pL of 10 x
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commercially available PCR enzynme with high fidelity.
Pyrobest is a DNA pol ynerase derived fromthe
ar chaebact eri um bel ongi ng to genus Pyrococcus and has
the 3" --> 5" exonucl ease, %2#0h wor ks as the proof
reading 15 activity. [0384] e fidelity was obtained
by exam ning the sequence of the PCR product and
conparing it with the tenplate sequence. An outline
Wesd st vinu f fe Fl @1 3oerahed 0 PCRo rarephiare Wasl yrerd ot hedylene
usin robest alone or in 20 conbination wth
BY 3R %ﬁks‘sc‘ﬂ)?d&@ P TheSd dfpth £1edpngf the PCR
te phos | at e hi

s b L R e
£SThe! b€ hir@s cohén Wash i ¢@nsd of etk Wedgdrdde gdasm d
vector and the colony was jsolated, and the plasmd
FeRCEEoRNPFaRied (BBl sEIBFtroPRAF SISO BT of t he
l&%}%é?&y?%@ﬂ&@ gf‘o;?é!&@ @b asni ey was, gxamided bynd he

sequencer (5516), and the result was conpared
weshlthearenphewve igeflencéBto cal cul ate a frequency

or occurrenge 17). 30 [0385] 5.1: PCR

f@%%%yon 5&1215'2%%%?%% ion of PCR enzynme and
Pf u- PONALBe Jhe: € ager f sipewd of i MG | hes PCRin¢act tlosse
W th Pyrobest _alone and the case of performnpg, the
PR F HBRR T oFCRi B and W‘T‘o%’é%?mho%oﬁ%‘iin%lﬁﬁ’ Fpton can

= e ] I t
P O Yo o CH PR, T ey e et [BRe 1)

%ieexei hlaét@ustmilmSymbP@WA@l edasi apdgd, ashe Tegpgtion
: ] ._Taq | | 5
EEDRE Finar R PREHEE ld ooy apedffectiliginane 2,

eXONUick € asee aghbiht Yo f aadiés RESCEiPelntpehswe, | ohner
fidelity than the a-type PCR enzyne having the sapgp ,
Be R Eyon [ eaBePt Esqt 2and kRt e ¥ e BHOBf 2R Rt L 1cat ion

at the same level as in the case of no addition were

observed {(lanes 3 and 4). Meanwhile, when KOD-PCNAl3 was

added, good extension and amplification were observed even

when no RFC was added, and this effect exhibited better
extension and amplification than in the other 4 conditions
{lane 5}.
[0382] 4.3: Summary

It was found by the aforementioned experiments that
KOD-PCNA13 promoted the PCR reaction of the representative
two PCR enzymes. This reaction not only did not require
the addition of RFC but alsc was better in promoting
activity than in the case of adding the wild type in
combination with RFC. It was proven by the aforementioned
results that the excellent effect could be cbtained by
introducing the identical mutation into not only PCNA
derived from Pyrococcus furiosus but also PCNA derived from
Thermococcus keodakaraensis KOD1 strain. In the present

invention, it was demonstrated that the identification of
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10 Lanmbda DNA (GenBank accessi on 02459) was used as

the tenplate of the PCR reaction, and seven regi ons

were targeted to the exami nation. The |ocation on the

| anbda DNA and the size of h region, and the

combi nation of the prinmers used for anplifying each
regi on were shown in Table 15 28, and the priner

sequences were shown in Table 29. 123 [0387] Tabl e 28
Fragamhno Appldf resiidey)i o e | bmbeal 2¢| F¢gen FoF vidirel FCNA

- HEHEE 1ot o RO Rl i Blof il o oiar e for

F&NA 6e23V6&9f2dmGEﬁrdcﬁaﬁuEOﬁuE&bsué-ﬁMtGﬁMs@EwﬁQG

063 Fli R15 _5 26, 894-27, 492 599 F14 R04
%phefeala&e 188 HCRBEIETEI RITIS 75900 5%?%%%&%1 1SV F19
RBigi24 [9388ad@PiRerd® SEQi&ELTRY ﬁ%&dﬁf@oﬂ Dreaction
nane Position Position Prinmer sequenceb' ==>3' FO9
08, Bi9-PGNB37 AGC CTT TGC CTC GCT ATA C 49 Fi1 24,634

26 oain€de il B8 AR TP AIR €8 cid Bdd Hibtion on
P AR A R e
BoLP8aTeEA ATEPRLES G et s B (SRR Rhcer

%gmgggm%gge%g%ﬁﬁlg AGl 01945t Rp“w}?:l?@}{]fg@as the
27,472 CCA GIG CAA AGC T GT 55 Rl11.24,654

camBeUC EAN OB SARICET BIR AGymeQv5eh high fidelity.
Pyrobest is a DNA polymerase derived from the

archaebacterium belonging to genus Pyrococcus and has the

3' --> 5' exonuclease, which works as the proof reading
activity.
[0384] The fidelity was obtained by examining the

sequence of the PCR product and comparing it with the
template sequence. An outline was shown in FIG. 39. The
PCR reaction was performed using Pyrobest alone or in
combination with Pfu-~-PCNAl3 (S511), the end of the
amplified DNA fragment was blunted and phosphorylated
(s512), this fragment was cloned into a plasmid vector
(8513), Escherichia coli was transformed with the plasmid
vector and the colony was isolated, and the plasmid was
extracted (8514, S$515). A part (500 bp) of the inserted
sequence in each plasmid was examined by the DNA seguencer
(S516}, and the result was compared with the template
sequence to calculate a frequency of error occurrence
(S517) .
[0385] 5.1: PCR reaction
5.1.1: Combination of PCR enzyme and Pfu-PCNA1l3

The case of performing the PCR reaction with Pyrobest

alone and the case of performing the PCR reaction with
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R15 25,696 25,677 CCC AGT AGI ACT GCA AGA GG 57 R17
41, 485 41,467 CGT GGI GTA ATT CCC TCG C 58 R21 43,613
43,590 GCT CAC CAG TTC GAT GAT TAA CGG 59 R25 19,022
19,001 GAG TGA CTG TCA CCG GIG C 60 R27 20, 050

20, 029 GCA TCG CCG GCT GAT TTC G 61 5 [0389]
5.1.3: Conposition of PCR reaction solution As the PCR
reaction solution, the PCR reaction solution having

PYiecke it namycmtwronwm RigetP (Nfabt ever3p)exapigied.  As

%‘%? 1%]fg\f(aunpug%ls ‘ed corrp05| ‘Tgélog?l \Aél%ht ﬁ@%g& 1%aq

‘aTJ&mRJEdBmeIm N\ﬂSemﬁdafﬁMErsd'méﬂaﬁaesT hesv ikstes] simply

25560 ML L S, AT

&fl;‘zl oitiNPd e WRB] v adisled, adods i@l nsance ration. of+ 0. 6
ng/g (0.3 L), and when not added, the same vol une

¢Qoutleate s@%tivrety\at@md 1% d@%cnadm tq?_h@vef §ls27):

ition to be added, Fin
AR LY ahOn s B PR GR S e T Dhe /age
Foryarey,Primer 0.5L 0.2M (20 nol/ L) Reverse Prinmer
0.5L 0.21i M not/ L) INouffer 5 AL I x dNTP Mx (2.5mM
bo396bnM  2akhy: Eayeet (Stgien of 2demplptoRs5y L

Pmﬁarﬁ@égtﬁﬂ] P(geIQBaFrlrk ac%egs &9/6245355 eru‘ri§ J@é@rag)the
template of the PCR reaction, and seven regions were
targeted to the examination. The location on the lambda
DNA and the size of each region, and the combination of the
primers used for amplifying each region were shown in Table

28, and the primer sequences were shown in Table 29.




Sterile water 38.2 L Total 50 L 1)10x Buffer; | Ox
Pyrobest buffer Il (upon using Pyrobest DNA
pol ynear ase), or | Ox PCR Buffer(upon using TaKaRa Taq)
5 2) Neat concentration of P 3;100ng/L [0391] 5.1.4:
PCR program I n the case of best al one 10 (98C for
10 seconds --> 68C for 2.5 mnutes) 30 cycles -->
bei ng kept at 4C In the case of Pyrobest + Pfu-PCNAL3
(08€/for 10 seconds --> 68C for 1.5 minutes) 30
%gigs -> being kept at 4C 15 In the case of Taq

oneé 4C for 30 seconds --> 55C for 30 seconds -->

72C for 1.5 mnutes) 30 cyclles --> being kept at #4C

LE?%%%& E%gﬁﬁﬁe@ d;gg%rﬁg(gat |§1 ;Lel‘n“f‘_%lé'do1 PErFPERY | Reverse

. imer rimexr
af orenentj oned P reactio ,tg to 1% P
agarose g ' was_st ai ned

withlet hildi um brofeded, 0% ihse ueﬁtrlo\'ﬁo a_gel Eddt ai hi ngR25

a DNA fragnmentd Havi o0 1 126 oBj, &50i vel si zB2has tut R27

out, 3and t he DNATYapEdE4 i n [ heligeBe was purddi ed R11

usi ng G-X PCR DNs angb @36 Band Pur iplgizcat fon gKit R15
(ATEEShan le§§|§@@94 aﬁgprdlng TQ 9IS nunipgigtiow RO4
AT A LW 7 AN o S

Kit(ﬁlunt'ru14é}§§2%ﬁ3 61%at| ;lhupﬁz(quwnr;gkgfrn11 R21

TAKARA BI O | NC.) accordlng to its kit manual . [ 0393]
5.3: Insertion of PCR product into cloning vector The
DNA fragnment (50 ng) whose ends had been blunted 10
and phosphoryl ated was ligated to the DNA cleaved with
the restriction enzynme Hincll and treated with BAP
(puUC118 Hincli/BAP supplied from TAKARA BIO INC.) as
fol | ows.




10

15

DNA fragment whose ends was bl unted and
phosphoryl ated: 50 ng 15 pOC118 Hi ncl|/BAP: 50 ng DNA

ligation kit V2 enzyne sol ution:

added to the aforenenti oned
volune of 10 L, which was th

m nut es.
col ony and

20 [ 0394]

5. 4:

{F%ﬁ’filgégatl on product (3 L),
e

agar

5L Sterile water was
up to the total
16C for 60

ture
reacted at

| sol ati on of Escherichia coli
extraction of plasm d 100L of Escherichia
toBB8IMLO09 (TAKARA BIO INC.) was

transforned with

whi ch was then seeded on

pl ate (containing 100 g/ nL of 25

ampici[Tin, 40 g/nL of TPTG [and 40 g/ nL of X-GAL), and SEQ
chtimgred bystaeavi ng stamtl at {37C overni ght. An iD
Eswmdwer i chiPastolan cpl Bupitéxii bi t i ngriter webtens!' s> NO
t hgoosagar phas® was g, tsured| hoc ot mte afrct ber Hia ¢ 49
|1 gy d TEQM!%M_(CON&M”'GB@ 10BcHHAL R APrss [ddcnrrdt 26
37G1QVeT N gAr, Y T 30, SHAKT Y AN L ER &, PLASTLD DI 50
Wwao I'Tpail bUI 11 oL AlT
Sedbbnel ng 106 /90 sk s &ngaunnﬁgTﬁxﬁ AQ&éﬂhmﬁAaéxmgﬁan 51
of Fife byt fActEd pl actf:§53s hCERAMPATRC \HE ARGIAPFRAC G 52
usiFAY t he DRAOEequencdr, 990 03064 |ATCE HEA | TRFeE6@ EABNBGA G 53
fragseent (fipagpent| amd,iobked| cby BGREcG tdre segquemcecnifc 54
50Qobp paszgupject ed 40 shhe beananistsa AR397t drcdice 55
CORPArTEON, W 3} TE 07yl LRl | SEAURIICE, T SIS JELE | oo
RN O TR I CH T A L T el e 57
fotH-ows Fradh ‘,r't } Hden
t aRgdt 1n41p‘F on | n 4h46PCR FQ%rGGTnﬁTA"Pﬁ%Q% g C 28
CoRBl nat i 0A30f1% he| ertAyFBOW { BCPIAACPCMNA TTL3GRT GATeTHCRGG | 59
reagsi on. 19,022 19,001 GAG TGA CTG TCA CCG CAA GIG C 60
R27 20,050 20,029 GCA TCG CCG GCT GAT TTC TTC G 61
{0389] 5.1.3: Compesition of PCR reaction solution

As the PCR reaction soluticn,

solution having the ordinary composition was used (Table

30).

Pyrobest buffer II

attached buffer was used.
PCR Buffer (100 mM Tris-Cl
which was the attached buffer was used.
added at a final concentration of 0.6 ng/pg (0.3 uL),

when not added, the same volume

was added.

When Pyrobest was used as the PCR enzyme,
(unpublished composition} which was the
10x

When TaKaRa Tag was used,

(pH 8.3),

the PCR reaction

10x

(0.3 uL)

500 mM KC1,15 mM MgCl,)
Pfu-PCNA1l3 was

and

of sterile water
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"Lanmbda DNA position": Position of the base sequence
subjected to the analysis in seven PCR anplified
fragnents. 15 "Sanple": Nunber of the plasm ds

subj ected to the sequence ang sis (i.e., nunber of
the fragnents anplified by "Base": Nunber of

t he bases subjected to the sequence anal ysis. 20
“ND': Nunmber of the bases indecipherable due to noise
6£3884uenci ng data. "ALL": Total number of the
@ggh%hgbable bases other than "ND'. "Error": Nunber
0 e bases identified as the 25 replication error

Compheitdétal nunber | afiot:heé bases. addEdr Orrihatles”: Rate
of the nunber of the bases identified aschientration

bepbdeabNan error "Error" rlelzdtilve to the nuntersmaf/pl
{BBngVULieci phered bases "All". 128 [0398] Table 31

Erzyaed P{F@Best DNA AP P r6bégl DNA Pollyner ase0P3jM
f2PEBalprh) PONAT3 ThKaRa Tag Frag- lanthda Sam Base

HErBasBISAAT Base| ment DNASED Positi on Pl e ND.Ep¥or
EEQE@Qé/NﬁQprrnr ALl ple ND Error All 8 503 1 19,002

Xobuffﬁﬁ A77 89 15 1 44 488UB2 7 32 45 993 191831 2

Eg%lés 4158M31, 489 70 36 BHB4, 964 83|21 22 44,y
ACRBE 2 24 534 58 17 0 28 ng 57.9 0 28 491 58 14 8

e (5U/BER 4 250153 8001 5#1Q0 000 85 19 8.035UdHL
1@0%? ﬁ%% 056 914 0.3 0 or 0.éng/pL
terlle wacer -

Sterile water 38.2uL

Total 50uL

1}10x Buffer; 10x Pyrobest buffer II (upon using Pyrobest
DNA polymearase), or 10x PCR Buffer(upon using TaKaRa Taq)

2)Neat concentration of PCNA13;100ng/pL

[0391] 5.1.4: PCR program

In the case of Pyrobest alone

(98°C for 10 seconds --> 68°C for 2.5 minutes) 30
cycles --> being kept at 4°C

'~ In the case of Pyrobest + Pfu-PCNA13

(98°C for 10 seconds --> 68°C for 1.5 minutes) 30
cycles —--> being kept at 4°C |

In the case of Tag alone

{94°C for 30 seconds --> 55°C for 30 seconds --> 72°C
for 1.5 minutes) 30 cycles --> being kept at 4°C
[0392] 5.2: End blunting and purification of PCR product

Each PCR product obtained in the aforementioned PCR
reaction was subjected to 1% agarose gel electrophoresis
and the gel was stained with ethidium bromide.

Subsequently, a gel containing a DNA fragment having the




. 5 27,413 100 13 0 49,987 58 40 0 28,960 60 35 10

29,965 40,966 6 41,465 73 8 0 36,492 80 28 1 39,972

82 41 12 40,959 430,94 7 43,593 125 17 0 62,483 50 2

0 24,998 86 9 20 42,991 toggi 592 99 4 295,901 489

149 5 244,351 538 144 120 2 %56 Error rates (1

/ base) 1/73,975 1/48,870 112,240 5 [0399] In the case

of Pyrobest al one, when 592 sanples were anal yzed,

et gepre cationias rors awlre andases PNA tHtadmert95r9Ghe gel

74 k l.n.the
a2 St Bir Shheind P i R aivE e e bt bty E i on
HBO Al sisarves fo emid iy zed, adderd 2f | €ation nellighsl eildh

5 10 bases in total 244,351 bases (the error rate is
Imféu%lase PR ord Kb . ther Ribel Thrd 191R Thkp EMOHe, Wathdiunted

X | q&%&@@ryl’@i@d anad 1y, ac?zeﬁjaKéﬁ? ﬁ@lkf@ﬁﬁ]ﬂﬁhﬂr{dﬂﬁnatlon

bases in tot 268, 856 bases error rate
hsganeodhaSet pefs Rl iy . £ rdro ATRFARZD PER | TN Anoampaing to
gé eneqﬁéoqa three test 15 groups, in the case of
% st"Al'oTe” and the case of Pyrobest in

coddt nat i of. 3 tin K2t RENAIS, PCREEs IRt ratt WaSSnINE vector
order_lower than in the case of Taq al one. Thus,

wns CBRSr OV THRETEHe [ ¥ Daried | T Rt en blunted
&W'M&ﬁhoﬂiéﬁc@%a?% d W, o nsua 20 d AAQULlwith the

Meanwhi I'e, conpari ng the ormer two reactions
K@tmuoral ey e d il obestd | tr el nelttiforBAR t (PURFLLS

5 onef andg&gaqur%%'sl o mréﬁwwﬁ (Ryypbest

Pf u- RNA1SY a gtk Néhossd garnds cad s dAerenosl was
detected. It is unknown whet her the obvi ous

RRIIRISAEEIRETUrL dt9 not in the fidelity by 5 adding
P u- RCINA 1 put s {her tiAg erange,is small, and it is

-concel vabl e that at |east the fldellty i s not
extr emmzkyllgmtrﬁﬁﬂechtbwzadechngn@fsmlﬁﬂ\débn% qltown in
Exanpl es in FlIGs.

Sterile water was added to the aforementioned mixture
up to the total volume of 10 pL, which was then reacted at

16°C for 60 minutes.
[0394] 5.4: Isoclation of Escherichia coli colony and
extraction of plasmid

100pL. of Escherichia coli JM109 (TAKARA BIO INC.) was
transformed with this ligation product (3 ulL), which was
then seeded on the LB agar plate (containing 100 pg/mL of
ampicillin, 40 pg/mL of IPTG, and 40 pg/mL of X-GAL),and
cultured by leaving stand at 37°C overnight. An
Escherichia coli colony exhibiting the white color on the
agar plate was cultured in 1.5 mL of the TB liquid medium
(containing 100 pg/mL of ampicillin) at 37°C overnight with
shaking, and then a plasmid DNA was prepared according to

the standard.

[0395] 5.5: Sequencing of inserted sequence
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14 to 16, it is obvious that PCNA keeps the fidelity
at  much higher level than Taq which is the Poll type
PCR 10 enzyne while it remarkably enhances the
extendibility of Pyrobest mﬁ'ih is the PCR enzyne
with high fidelity. Thus, s % riority of the PCNA of
the present invention was proved. | NDUSTRI AL
APPLI CABI LI TY 15 [0402] The present invention is

usef uThe¢ nDIpR oseqiertogyf tht atedranmtesdtplesyid as a

| r eful in rel ated hnol o i nvol ved in

%ﬁkﬁis%% ﬁ'éééig s'“%? %%%c%sfi‘%t\?% ﬁ}ges%&‘%}/c%- [ 0403]
BEE6D NO 1In Piile PONfer GEQ A N @it POV ool Qanggf’fied

rinper Pfu-PCNA-F SEQ ID NO 4 prinmer Pfu-PCNA-R 25
k%éd?% NCHB2 pFEERSR s PR Pisies s il st edrigrerhef u
MBLoR sSEQ ID NO 7 primer Pfu D143A-F SEQ 1D NO 8

rimer Pfu DI43A-R SEQ ID NGO 9 : priner Pfu R82C-F 3Q

2P TD NOA06: pidmpar Rien R8RIC: RhSEY 1N Idequeriaer

Pfu 43R- EQ 1D NQ.12: priner D143R-R SE D
NO 1%%&%&»‘:@&5 50°€ SEBD Nb.rfazf?ff%f -RF%%%W%A in the
ND® IS dpioterafRFGrFowsj mer  SEQ | D NO 16: pri ner
RFCL-R prinmer SEQ ID NO 17: Pfu-RFCS 5 SEQ I D NO 18:
Pf u- RFCSBIRS§ O NG ey et s -ughe et W0 Yayrget
20 ived RECSRpridger SEQ 1D NO 21: primer

- RFCSFL1 pri ner

" "Enzyme AP": Combination of the enzyme with Pfu-PCNA
13 in the PCR reaction.

"Lambda DNA position": Position of the base sequence
subjected to the analysis in seven PCR amplified fragments.
"Sample": Number of the plasmids subjected to the
sequence analysis (i.e., number of the fragments amplified

by PCR).

"Base": Number of the bases subjected to the sequence
analysis.

"ND": Number of the bases indecipherable due to noise
of sequencing data.

"ALL": Total number of the decipherable bases other
than "ND".

"Error"™: Number cof the bases identified as the
replication error in the total number of the basés.

"Error rates": Rate of the number of the bases
identified as the replication error "Error" relative to the

number of the all deciphered bases "All".



SEQ I D NO 22: prinmer RFCSF2 prinmer 10 SEQ I D NG 23:
primer RFCSR2 primer SEQ ID NO 24: prinmer RFCSRL
primer SEQ ID NG 25: prinmer FO2 SEQ I D NO 26: primner
FI1 SEQ ID NGO 27: pri ner F21 15 SEQ I D NO 28: pri ner
RO3 SEQ I D NO 29: pri ner §&EQ ID NO 30: priner RL6
SEQ I D NO 31: KOD- PCNA SEQIDN032 KOD- PCNA 20 SEQ
I D NO 33: priner KOD-PCNA-F SEQ ID NO 34: priner
KEPRPCNA-R SEQ ID NO 35: prinmer KOD- M73L-F SEQ I D
CE%%%%#)HWH KOD- M73L-R SEQ ID NG 37: prinmer KOD
4 25 SEQ ID NGO 38: priner KOD--E143R-R SEQ ID

NE@@ne, KOD- RFCL SEQ | D NOj 40: pyiobest DNOD- RFCL- F SEQ
| D m 41 Pylj.?bgeﬁ@HAE qEse] | RPolgpmresp{RiNRGNDI3  KOD. REFKaRgTaq
fg:gs&j;’,%g Neemd3d_pr | KOD- RE5-|E_ SE@eseD NO_ 44amplr i mer Base
D I‘CSD'W 3& én@' NQM‘S: pﬂq M&p ?EQS Ndﬁl' F '?BEC Ill[D Error | All
N primgr RFCS-[Sal -R 131 |SEQTD L 47 [ priner
1 F$$001§x> B3 [SEQ | D NA&KET | prédned5 RECH: F44.48R | D} 32 45993
2 NOoitho br i g, F09 TP BooPL Bl Sdsha |° BL2hP 22| a1470
.5_ ! \V) NI LI "4 LA \YE® I T 1T 11 I mLJ [ ) = T J
3 NOgapgdq prigeer4H23 o{ 28983 57| o 0| 28491| 58| 14 8! 28086
24,654-
4 25,153 80| 10 3] 39,990 85| 19 3| 42481 77| 17| 16} 38,483
26,914- _
5 27.413 100 | 13 0| 40,987 58 | 40 0| 28960 60| 35| 10| 29,965
40,966-
B8 41,465 73] 8 0| 36492 80 | 28 1] 39,972 82 | 41 12 | 40,959
430,94-
7 43,593 125 { 17 0| 62,483 50| 2 0! 24998 86| 9| 20| 4299
total 592 { 99 4| 205901 | 489 | 149 5| 244351 | 538 | 144 | 120 | 268,856
Error rates _
(1/base) 1/73,075 1/48,870 112,240
5 [0359] In the case of Pyrobest alone, when 592 samples

were analyzed, the replication errors were 4 bases in total
295,901 bases (the error rate is one base per 74 kb). 1In
the case of Pyrobest in combination with Pfu~-PCNA13, when
489 samples were analyzed, the replication errors were 5

10 bases in total 244,351 bases {(the error rate 1s one base
per 49 kb). 1In the case of Taqg alone, when 538 samples
were analyzed, the replication errors were 120 bases in
total 268,856 bases (the error rate is one base per 2.2 kb).
[0400] Comparing among the aforementioned three test

15 groups, in the case of Pyrobest alone and the case of
Pyrobest in combination with Pfu-PCNAl3, the error rate was
one order lower than in the case of Tag alone. Thus, it
was observed that the replicationlfidelity was obviously
~different between two groups.

20 [0401] Meanwhile, comparing the former two reactions

(Pyrobest alone and Pyrobest in combination with Pfu-
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SEQ ID NO. 54: primer F25 SEQ ID NO 55: prinmer R04 10
SEQ ID NGO 56: priner Rl  SEQ ID NO 57: prinmer R15
SEQ I D NO 58: primer R17 SEQ ID NO59: prinmer R21
SEQ I D NO 60: prinmer R25 15 gEQID NG 61: prinmer R27
SEQ I D NGO 62: prinmer Pfu D143K=F SEQ ID NO 63: priner

Pfu D143K-R .SEQ ID NO 64: priner Pfu D143HF SEQ ID
NO 65: primer Pfu D143H R 20 SEQ ID NO 66: primer Pfu
HWEF Sr) rep NEs7iopremeer Pfwe RIOOE(R r St hlone) and

BrizRe PPE e s b hon e bR s iy 1

NOy7Af i panivedi Plerdl30Avds SEQREEENO 72t 14 i wEkndb whether
139R-F, SEQ D NO 73: priner Pfu E139R-R 132 CLAI MS

57 AT vt TRAeEr CEORDro5i Y- al i the whidality by
sagoes, prOSRCE, i Mok £ O Ofs { N W dIDoer s 5

and a C 5 termnal region of another PCNA nononer act
aeneivaleke fuvet a®b Yorst athmul £idelity conplek,emtiremely

i I i nt ct. t he nono s .in an,
PSR S P A honar s, Sl e o Ghen FIGs-
Tartders canprisidigresifot et PN J0ak9Ss ithe SR Sid e at
rﬁ@é’i:k{‘] nmut ual charge repul sion; 10 said nonomer

2 FLGICE NP Y thiEr i TR T onpt @) dherisofPoHavime R
BoiT Lh i @@%&%If%ﬂ%dé@-t% eﬁk%md&gﬁé@ of

mononer according to alm1 wherein sal
hiprerest hasicln janitHe ROR seguence Obtlaighedddelity. Thus,

superiority of the PCNA of the present invention was proved.

INDUSTRIAL APPLICARBRILITY
[0402] The present invention i1s useful in biotechnology
related industries, particularly useful in related

technology involved in DNA synthesis.

Sequence Listing Free Text

[0403]

SEQ ID NO:1 : Pfu-PCNA

SEQ ID NO:2 : Pfu-PCNA

SEQ ID NO:3 : primer Pfu-PCNA-F

SEQ ID NO:4 : primer Pfu-PCNA-R

SEQ ID NO:5 : primer Pfu M73L-F

SEQ ID NO:6 : primer Pfu M73L-R

SEQ ID NO:7 : primer Pfu D143A-F
SEQ ID NO:8 : primer Pfu D143A-R
SEQ ID NO:9 : primer Pfu R82C-F

SEQ ID NO:10: primer Pfu R82C-R

SEQ ID NO:1l: primer Pfu D143R-F
SEQ ID NO:12: primer Pfu D143R-R
SEQ ID NO:13: Pfu-RFCL
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15 substituting an am no acid residue at |east at one
position selected fromthe group consisting of
positions 82, 84, 109, 139, 143 and 147 in an am no
aci d sequence according to Sg%g IDNO2 or 32 with
anot her ami no acid residue, wherei n am no acid
resi dues are conposed so that one 20 or nore am no
acid residues selected fromthe group (i) and one or
AbRelBn'Aol 4ei BfveBFdlies sel ected fromthe group (ii)

88ysep! he. 1yt ughs 60ar gpctepubsign, (1) a group of

am no acid residues at positions 84 and 109, and
2BQ( LP)Na: §f oupr oheanRAOLaRI| grimsidues at positions

%@@6?%?&%:?ch%é¥ﬁ$§cszgﬁp??g?2; ﬁﬁ?ﬁtrgﬂgn§¥ one or

severnl nam go pehdriesi dues 30 selected fromthe
groug consisting of an addition, an insertion, a

BBstPt NP bh: apEimeHeREEFOR BEFLPOLI tion(s) other than
£88 POSibL HHS B2 : R 3 and 147. 133 4.
Thg nuta%tQ@CN%%Hg%%n%%ggc%é&%%%%éto claim3 having a
SeQuENCRO obt ai pedndy BBOSFltpitimgrt he am no acid

P R T G L o

I and  IRENAS MoReIRs - agBOs K NGr{ReANY one of clainms 2

to 4 wherein one or nore amino acids selected from
2BQ diD fOUpd { i Dr Hmelr ORECHRL ¥ Emeri no aci ds sel ect ed

drom sakd. - 9r : (1]) e both acidic am no acids or
bg?h bgggczgnﬁ%%u&%% %@%ds. 6. The nutant PCNA nononer
e oToliMe: 2®: gpmyimmere Il clainse 2 to 5 having the

oht ai ned by supstituting the amno acid
‘?@@Fﬁgé&%‘[%bﬁ’ﬂ% 1§§4Wi th arginine in the 15 anino
s disemernee @egddiggzto SEQ ID NO 2 or 32. 7. A

£olynucleotide encodi ng an am no aci d sequence of
EQ ID NO:29: primer R14

SEQ ID NO:30: primer R16

SEQ ID NO:31: KOD-PCNA

SEQ ID NO:32: KOD-PCNA

SEQ ID NO:33: primer KOD-PCNA-F
SEQ ID NO:34: primer KOD-PCNA-R
SEQ ID NO:35: primer KOD- M73L-F
SEQ ID NO:36: primexr KOD- M73L-R
SEQ ID NO:37: primer KOD- E143R-F
SEQ ID NO:38: primer KOD- E143R-R
SEQ ID NO:39: KOD—-RFCL‘

SEQ ID NO:40: primer KOD-RFCL-F
SEQ ID NO:41: primer KOD-RFCL-R
SEQ ID NO:42: KOD-RFCS

SEQ ID NO:43: primer KOD-RFCS-F
SEQ ID NO:44: primer KOD-RFCS-R
SEQ ID NO:45: primer RFCS-Nde-F

SEQ ID NO:46: primer RFC5-Sal-R
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the PCNA nononer according to any one of clainms 1 to
6. 20 8. Atransformant in which the pol ynucl eotide
according to claim7 has been introduced. 9. A nethod

~for producing a nmutant PCNA rein the transformnt

according to claim8 is cultufred in a nedium 25 and a
PCNA nmononer and/or a nultinmeric conplex conposed of
sai d_nmonomer is accumul ated in said transformant

ahe/ 6F Yhet7: ieaines BECSzE¥2alent for DNA replication

SOHPEHSAYs 6 he PINEY BP-HDAOEE according to any one
of clains 1 to 6 and/or a nultineric conplex conposed

BEQ sBP dNOrohdnerrimdr PO%it for DNA replication
_g'%gpibs&(pg 6he rea en% 34 according to claim10. 12.
Pt? or DNK HRpY i thti on according to claim 11
$Ept herNocopps isingea reagent for PCR 5 13. A nethod

for replicating DNA wherein DNA synthesis is

PR f BY el 347 thelppesEhte. of the PCNA nononer
%?Ofgingyz hopepof claims 1 to 6 and/or a
multineric co

ex conposed of said nononer, and DNA"
Pl yhi riéseb 4 1 edideThez ret hod for replicating the DNA

%Of]gil&gzgé): C;'::?imnéx ]goal\her ein saird DNA synthesis is
SEQ.ID NO:56: primer R11
SEQ ID NO:57: primer R15
SEQ ID NO:58: primer R17
SEQ ID NOC:59: primer R21
SEQ ID NO:60: primer R25

SEQ ID NO:61: primer R27

SEQ ID NO:62: primer Pfu D143K-F

-SEQ ID NO:63: primer Pfu D143K~-R

SEQ ID NO:64: primer Pfu D143H-F
SEQ ID NO:65: primer Pfu D143H-R
SEQ ID NO:66: primer Pfu R109E-F
SEQ ID NO:67: primer Pfu R109E-R
SEQ ID NO:68: primer Pfu D147R-F
SEQ ID NO:69: primer Pfu D147R-R
SEQ ID NO:70: primer Pfu E139A-F

" SEQ ID NO:71: primer Pfu E139A-R

SEQ ID NO:72: primer Pfu E139R-F
SEQ ID NO:73: primer Pfu E139R-R
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CLAIMS

1. A mutant PCNA monomer comprising a site which causes,
when an N terminal region of the PCNA monomer and a C
terminal region of another PCNA moncmer act as an interface
to form a multimeric complex, an intermolecular interaction
of the monomers in an interface region of the monomers,
said PCNA monomer further comprising amino acid residues in
said site causing mutual charge repulsion;

said monomer itself or the multimeric complex thereof

having an activity to promote DNA replicatidn.

2. The mutant PCNA monomer according to claim 1 wherein
said PCNA monomer has an amino acid sequence obtained by
substituting an amino acid residue at least at one position
selected from the group consisting of positions 82, 84, 109,
139, 143 and 147 in an amino acid sequence according to SEQ
ID NO:2 or 32 with another amino acid residue, and

wherein amino acid residues are composed so that one
or more amino acid residues selected from the group (i) and
one or more amino acid residues selected from the group
(1i) cause the mutual charge repulsion:
(i) a group of amino acid residues at positions 82, 84 and
109, and
(ii) a group of amino acid residues at positions 139, 143

and 147.

3. The mutant PCNA monomer according to claim 2
comprising mutations of one or several amino acid residues
selected from the group consisting of an addition, an
insertion, a substitution and a deletion at position(s)

other than the positions 82, 84, 109, 139, 143 and 147.
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4. The mutant PCNA monomer according to claim 3 having a
sequence obtained by substituting the amino acid residue at
position 73 with leucine in an amino acid sequence

according to SEQ ID NO:2 or 32.

5. The mutant PCNA monomer according to any one of claims
2 to 4 wherein one or more amino acids selected from said
group (i) and one or more amino acids selected from said
group (ii) are both acidic amino acids or both basic amino

acids.

6. The mutant PCNA monomer according to any one of claims
2 to 5 having the sequence obtained by substituting the
amino acid residue at position 143 with arginine in the

amino acid sequence according to SEQ ID NO:2 or 32.

7. A polynucleotide enceding an amino acid seguence of

the PCNA monomer according to any one of claims 1 to 6.

8. A transformant in which the polynucleotide according

to claim 7 has been introduced.

9. A method for producing a mutant PCNA wherein the
transformant according to claim 8 is cultured in a medium
and a PCNA monomer and/or a multimeric complex composed of

said monomer is accumulated in said transformant and/or the

-medium.

10. A reagent for DNA replication comprising the PCNA
monomer according to any one of claims 1 to 6 and/or a

multimeric complex composed of said monomer.

11. A kit for DNA replication comprising -the reagent
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according to claim 10.

12. The kit for DNA replication according to claim 11

further comprising a reagent for PCR.

'13. A method for replicating DNA wherein DNA synthesis is

performed in the presence of the PCNA monomer according to
any one of claims 1 to 6 and/or a multimeric complex

composed of said monomer, and DNA polymerase.

14. The method for replicating the DNA according to claim

'13 wherein said DNA synthesis is PCR.



