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Description

Title of Invention:

‘ENZYME PREPARATION CONTAINING THERMOSTABLE DNA

POLYMERASE, METHOD FOR PRODUCING SAME, AND METHOD FOR
DETECTING SUBJECT CRGANISM TO BE DETECTED

Technical Field
[0001]

The present invention relates to an enzyme preparation containing a
thermostable DNA polymerase, a method for producing the same, and a

method for detecting a subject organism to be detected.

Background Art
[0002]

In recent years, a polymerase chain reaction (PCR) intended for
detecting specific fungi, bacteria, viruses, or other organisms has enhanced
its popularity in the medical, veterinary, food, and other fields because the
analysis results can be known in a short period of time such as about 2
hours. However, a technology for detecting unspecified fungi, bacteria,
viruses or other organisms in a short period of time has yet been established.
[0003]

Very great merits are expectable when a trace of an unspecific
organism can be detected, identified, and quantified from a place which
should be in & sterile environment in nature. For example, blood,

cerebrospinal fluid, amniotic fluid, urea, or the like can be used as a sample



for analysis to early detect and identify the infection of humans or
donmestic animals, leading to the admnnistration of an effective antibiotic
at an early stage. In addition, the state of recovery can be nonitored
using the quantitative value of infecting bacteria. Geat nerits in the
field of quality 5control of daily life water, foods, cosnetics, and the

| i ke can al so be expected. For exanple, the presence of undesired,

unspeci fied bacteria, fungi, viruses or other organisns can be quickly
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Sepsis is a serious systemc' infection and in whose definite di agnosi s the

det ection/ e@te@l Far eRample, ahé prssinck ©f Tingegipéd| aitispatifiddtizetdrlzpod is
mandat ory. The nunber of patients having sepsis has recently increased 20

wi th the sfiristinusesiopotiodr organismls danesd quitklysdetbctes armhidentifiedeiat ment  or
organ transplantation. In view of in-hospital infections,

mul ti dr ug- daity ifeavatebetiicy persons havé agassthility iof inhallngidrsmlam) iBtliéphyl ococcus
aureus (MRSA) often constitutes a causative bacteriumof sepsis; thus, to
sel ect a sGuchmaterinciugies: iap water.twiater from @ axatetaok, @l&tcpudlttlgmngt is
clinically jinportant to detect and 25identify a causative nmicroorganismin
the blidbd elEcyaiingimatais watardiam a hyroiddisr. hot spring watsf, rang SWiMkBINGnf ect i on,

which is the nost co n cause of pre ure irt rious infection
fatal to feeeldEaerdaggs. and cometiss. | %PrqSﬁBC???V@?%R}%ﬁg of fet uses
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used in current tection neth or 1nfecting mcroorgani sns. They take
at | east sgmgapl days to obtain the results thereof. Thus, clinically, at
present, enpiric therapy is forced to be carried out untiI the results are

\r,ﬁ:/gﬁl ed. As a sepsibtis zaseritils dYisenhie imfacfion afd ih wheee Ridfinie visplosh ed,
the detection/identification of a causative microorganism in the blood is
mandatory. The number of patients having sepsis has recently increased

20 with the sophisticétion of medical treatment such as cancer treatment or
organ transplantation. In view of in-hospital infections, multidrug-resistant
bacteria including methicillin-resistant Staphylococcus aureus (MRSA) often
constitutes a causative bacterium of sepsis; thus, to select a suitable
antibiotic for the life saving of patients, it is clinicaily important to detect and

25 identify a causative microorganism in the blood as rapidly as possible.

[0005]



15represents a mgj or di sadvantage, while the detection is required to be
trapi d. Sone m croorgani sns may have antibiotic resistance genes. Therefore,
a drug susceptibility test is often performed in parallel; however, it

t akes several days to produce results as with the detection method for
itdentification. As a result, the appearance of nultidrug-resistant bacteria
due 20to the use of broad-spectrum antibiotics and the inappropriate choice
of antibiotics cause a situation, for exanple, that patients with sepsis
and fetuses wth, intrautecine in ﬁ%b% n_cannot be saved; and that m |k cows

with mastitis ar&aFHsINection W 18 [MPSh A K CaYs RO RIEMANIE, of

‘ . ! ' FetTo) roh.” ‘ ro |
pecause. oL B R PEFOR A6 Wl BE R IR 2oL
BOR an at Ty BRIAGES Sloff adihidehty & LECS AR flcicorBRishERierarif’ o usi no
m cr oor 9a”f@@rﬁ@ioﬁ%gﬁiiﬁgngd&fddééﬂ)lé ér{cf‘;%?@ilngg@rc@fe B8t SiAtapRl 1 ve

m croor gani sm i'zing the ausative m croorgani sm

DNA tosa shmtiiisticcaesh ébﬂ%.@tézjeeéﬁthé%c@m@@ﬁcé Hegss Bitilafy, idRET i cal |y
assunmed m croorgani sm (JP06-90799A). In addition, the devel opnent of an

det ecti on vyeefinayuield o AiatnmRisng aneay stiidls BicBasambravilkgowy bt di zat i on
probes as a basic principle has been studied for nore rapid

det ect i on/ extEmplef whahitba tehimenbihestof Ve delaged othgsa i ssoftér) oo mednsof

10Anal yti cal Bio-Science, Vol. 28, No. 5 (2005) 400-404). Arapid

det ect i on/ ¢tthenthan remavah, ateo featlinigto industighpiobéems.cr oor gani sm has been

studi ed by perform ng gene anplification by PCR using m croorgani sm DNA as

a tenpl at d08A8] a specific priner set, and then anal yzing the conbination of

mel ti n% tenperatures (Tmval ues) of the resultant products, specific for 15
g
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they are ysGda@y qféQ?ééﬂﬂ/énd&ﬂfbﬁgtfc%?fér‘eﬂdW@Bﬁgﬁqﬁ]ﬁgpéelé'@bg%hichi ed

m croorgani sns, a technique for quantityrng t S no een established

%?CEQE Eﬁr?@géddgfl?s;ﬁ;) Ij]@%r gfgtgiggﬁﬁtaaéﬂ%ilé tHBetBEloM &5 LA t8BEhafid hr ough
Some microorganisms may have antibiotic resistance genes. Therefore, a
drug susceptibility test is often performed in paralle!; however, it takes
several days to produce results as with the detection method for
identiﬁcafion. As a résult, the appearance of multidrug-resistant bacteria due
20 to the use of broad-spectrum antibiotics and the inappropriate choice of
antibiotics cause a situation, for example, that patients with sepsis and
fetuses with intrauterine infection cannot be saved; and that milk cows with
mastitis are forced to be removed. In addition, the detection of heterotrophic
bacteria has a high risk of producing false-negative results because it needs

25  special culture conditions.

[0007]



with tinme can be displayed. Therefore, today, it provides a crucial
detection technique for the quantitative determ nation of gene expression.
Particularly, detection nethods using intercalators such as SYBR Green are
wor |l d-wi dely and frequently used, because they have | ow cost and are sinple
and conveni ent. However, the real-tinme PCR using an intercal ator detects
not only a target but al so non-specific anplification products, posing a
problemthat the detection sensitivity thereof is decreased. A particularly

8{?nif'r.e”Eé‘bi3LpP2@§?$sﬁ§h%%%n€q%‘a%}%ﬁﬁ%Bp%fgﬁgﬁ%&raﬁﬁ%ﬁaﬁé’%ﬁe%h%@sﬁi‘e””
ey a1 DS Sh B HBR SORG enBi e hast Pesd roRS O Bh 28 SRR % ot
Start POR sl ol 6 @Rt BRGSALs by'aniihind BAPOG 3PBRAMeand a et hod
i nvol ving addi ng a substance binding to the prinmer diner to a sanple

(JP2006- 25428¢dve HRASHSfanish) bl PR &RIRYBridlz GG kindifleg @aRLARAI Y [ nhi bi t

the formati on of non-spécific anp on products i ncluding a priner

dimer. g5 RiedordeiisMaNAuS a&rdindpetmc riicfidtieeProbe taigefcd abdn on of the
prinmer dinmer are used, non-specific anplification products are detected

dependi ng empifieallyresseaeinforodeanism RIFRB:207SBA). vini aduitich, the maj or fact or
for the decreased sensitivity in the quantitative neasurenent using the
real -ti me BeRelogmemt ohanuetedtmn teehnigtie for sepsis bendmedlAehe PQR t enper at ur e)
val ue nust 20be checked in each neasurenent to exclude "fal se-positive" due
to the priamplejinghybfidizatompbes ahd basicarincipte nas Heenjsbudipddd em for t he
real -ti me PCR nmeasurenment system [0009] ] ~ To provide a DNA

pol yner aseM@se gapigrdepegtionddaptificaiionsf aeausalve gicwosgamamddpying ate
preparation usin netic reconbi naréi on technol gy has been studied

(JP200¢t 18088Whgal gi o eRERMER|c£ Bl Nome (4RI A00AQNAA BRI ner ase
RN IR R R R TR Sl
o oea oL B Rl BSCh R AR B RO ©
e o PBE SR LS A AR Aeh P I RIGHERRAT
devel et SPRRAFA SRR TRETI AL AN (Bt TPt oxL et hod
per f oryg NORSBokMMisrhE®S the difference between the Tm values (WO2007/097323).
However, accuracy must also be ensured in the results obtained in a short
period of time using PCR. Thus, for PCR, it can also be said to be important
to make sensitivity compatible with specificity. These prior techniques apply
gene amplification techniques using PCR, but they are methods limited to
20 assumed target microorganisms. Thus, they cannot detect microorganisms
when outside the scope of the assumption. Even when they are used as
detection/identification methods for unidentified microorganisms, a technique
for quantifying them has not been established and has been impossible.
[0008]
25 Real-time PCR is a sole method through which a curve of amplification

with time can be displayed. Therefore, today, it provides a crucial detection



Accordingly, a "nested anplification. nethod" which involves carrying out
nested PCR by a single PCR process (JP05-292968A) is proposed. This nethod
is an excellent nethod in which nested PCR can be perforned using only a
sirngl e thermal -cycling profile; however, it has not yet been put to 15
practical use possibly due to the absence of technique by which the Tm

val ues of prinmers and an anplification product could be easily neasured at
the tine of the application. This nethod can be put to practical use at
present that a.r | P echni que i.s available. O her t hods such as
B ethod uBeRBidTPT e Bua iRt Rl B R R e S e BB Vs e 20
however, t . ' 1S40 sy for
cver yone aateiE HEboFELOngIEETatiEF Bt s SVASE CTERRES widhRlaef

Theref or e, 234 rRLGSAR usé@%e%a'ﬁgé.tﬁ@f hgﬁ H@c&&%cﬁg@é’%@@% SA4i sfying all of

rapidity, sinplicity, and economc I Cl ency, n not provided yet.

[0011] 25%0M%dtp%ﬁ%@f?the%%ﬂtiﬁe@dm PR bﬁXﬁt’éﬁché‘{]ﬁr Hé%@n%ﬁ ace of a

sanpl e m croorgani smand analyzing, in particular, performng the

quant i fg caphi9m RirgétdRntdidd AahIspBeifibAmMsiificaidn pRRIURY poBirg & BRSledi me can be
carried out, the analysis of even a trace | evel of a gene previously

i ncapabl e it bred deteatiah geasiticigntHeecafdbidevashsetin Aagdtticulzinly rapi d and
accurate determination in the fields of nedicine, veterinary, and anal ysis
of var i ouspabiematisal sookspexifitaarglificationymbductdhds faroesl isanprireecarri ed out .
Meanwhi | e, however, in PCR for the anplification of a trace of sanple

m cr oor gandligrarDNR supigessthe trmationof ia primen dimert yarious repaes Breity to hi gh
degrees has not yet been achieved and rapid quantification or

quant i f i caRiopesedeNtdevising HeRignN® Pumerenusing e Mot Séit aihed@as al so not

251 ectdof - SMEIAAIOBTRHGRING MAkREPHET GE 2R0PTAT SOoh HbRETS
ol o m oG5, GG S DR o pat Riorn R Dorer 2080 e Smefsd yei <
rethod, U Qi) Qi e e BRI E et R B tarRE
(JP2006-254784A). However, it is extremely difficult to completely inhibit the
formation of non-specific amplification products including a primer dimer.
15 Even when various methods for suppressing the fofmation of the primer
dimer are used, non-specific amplification products are detected depending
on the increased number of PCR cycles, which is the major factor for the
decreased sensitivity in the quantitative measurement using the real-time
PCR. Even in qualitative detection, the Tm (melting temperature) value must
20 be checked in each measurement to exclude "false-positive" due to the
primer dimer, for example, which has become a major problem for the real-
time PCR measurement system.
[0009]
To provide a DNA polymerase used for PCR, a method for producing
25 a DNA polymerase preparation using a genetic recombination technology

has been studied (JP2006-180886A). Among commercial thermostable DNA



20Sol ution of Problem [0013] The present specification includes the
follow ng inventions. (I) A thernostable DNA pol ynerase preparation,

wher ei n: (1) the thernostabl e DNA pol ynerase has contam nation
with 10 fg or 25l ess of bacterially-derived nucleic acid other than the
gene encodi ng the therrnostabl e DNA pol ynerase based on 1 unit of the DNA
pol ynerase, and (2) no anplification products of the

bacterially derived nucleic acid are detected even when 32 cycles or nore

O oTe Al Bk e abAERRFRIAPLES FibER LBt 16G) BHGR, L

condltlon ntai ni ate us rirmers ca lifying only

the baCte“p?é% é@al@H%ﬁlr@er%%ll? é%Fa'ﬂSEIze h%v*%%@ert *égreﬁ‘?rﬁ‘ﬁweeﬁé ing the

t her nost abl ol ynerase uction nethod for a

ther ”DStablré‘ed%ﬁM Eﬁéﬁléﬁtr@sé I@bhﬁ&* r@ﬁﬁ?ﬁtu‘oﬁb”ﬁon-spec;ﬂc (1)
transform ng eukaryotic cells with a gene encodi ng the 10 thernostabl e DNA

pol ymer ase ahpl |ﬂ69tvcbrﬂ§rdd1u@f§@f$l§rﬁéhb$m%|ﬁ®i'é’ detetied, Fenexsniples aiehdhe
transformant cells; (2) culturing the transformant cells; and

(3) obtsi nigege amEiicatiorn reamt(balneemig tt e ﬁér&yrnmjtlal:doava\ﬁbmmwamtm from
the cultured transformant cells, foll owed by subjecting the extract to
15heat treayciestor more, which masijreited thge useetheneofur ed transformant cells to
heat treatnment, foll owed by obtaining an extract containing the

t her most ab[@TONA pol ynerase from the heat-treated transformant cells.
[0015] 20(111) A detection nethod for a subject organismto be detected in
a sanpl e, conpr VSriRYS technlquqslr)a\@nb%@ﬁ)deyqelga@qi@)Q,sg@lgg high see¢ibieifg ing a

Lo o PPER e T Pl e BB BAER. L L0
or ganilsm t Ro&gvgre,tn%%tdg%e %bor and time of performing PCR two times.
Accordingly, a "nested amplification method" which involves carrying out
nested PCR by a single PCR process (JP05-292968A) is proposed. This
method is an excellent method in which nested PCR can be performed using
only a single thermal cycling profile; however, it has not yet been put to
15 practical use possibly due to the absence of technique by which the Tm
‘values of primers and an amplification product could be easily measured at
the time of the application. This method can be put to practical use at
present that a real-time PCR technique is available, Other methods such as
a method using Hybri-Probe and a TagMan PCR method are generally used;
20 however, the preparation of probes used for these methods is not easy for
everyone and the cost for the preparation thereof is also expensive.
Therefore, at present, there not yet exists such a method satisfying all of
rapidity, simplicity, and economical efficiency, has been not provided yet.
[0011]
25 As described above, when simply amplifying DNA from a trace of a

sample microorganism and analyzing, in particular, performing the



25 thernostabl e DNA pol ynerase preparation; and (2) a detection
step of detecting an anplification product of the intended gene in
anplification products in the anplification step, wherein the thernostable

DNA pol ynerase preparation i s any one of: (A) a thernostabl e DNA
pol ynmer ase preparation produced using eukaryotic cells as a host; and
(B) a thernostabl e DNA pol ynerase preparation, wherein: (B-1) the

'ltoherno_stialbl e DNA pol ymalra§e has con':]am_' nation with 10 fg g_r Ies;s1 of
i st abFUSRHDEALaRRRE 41 A B AALE, o 10
ot oot od oyamiag &R B aRIPdLS v s 1Y g PRAMEH PigefE e ™

per f or med 'b\ﬂB{e@@ﬁf%d?;wBetaaﬂfe;,eﬂonﬂiafddmaﬁ FANLANAI NG RRe! ePl AL e LSing

primers capa ying onl'y the bacterf y-derive ucleic acid
ot her thandbhemieRRAAGRE fiB@isldignddIBBOGERBAhSYDNAdRANE 86ariotkl 0016]

(I'V) A quantification/identification nmethod for a subj'ect organismto be

det ect efl i BampiR@Uch a< @Al lifsiweter and foods( &in defddmiéd aok! Mebaahilen step of
perform ng a nucleic add anplification reaction using nucleic acid prepared

from the showeeer, im POR for(Be aadifitdion 804 tracemdsafmplatiadorginisied gene
specific for the subject organismto be detected, and a thernostabl e DNA
pol yrer ase DA fhe abhtval of both senéiflyitynahd specificinta high aleigoer's kiznnoff yetat i on
step of analyzing a conmbination of nelting tenperatures (Tmvalues) of a
plurality beeamphievedanddaapis geartifisatia oogquantiicationfidgntifinatiorefari r st _
anplification step based on_a conbination of 25nelting tenperatures (Tm
val ues) spBidentifiedmicrepraganisas hah ahvaeicwe beentasbievesk ended gene to
performthe quantification/identification of the subject organismto be
detectldd in the sanple, (3) a second anplification step of
perform ng.a_nucl ei.¢c acid anplification reaction using nucleic acid
prepared f PHATHY Ogj'F?fﬁrH',onpri ners (F), for anplifying an intended gene

ol yrer ase! BRI OBRTh: oduced Usi ng a bact eri i as a host . and
[0012]
An object of the present invention is to provide a thermostable DNA
15  polymerase preparation best suited to the amplification of a trace of sample
" microorganism DNA using a PCR method and to provide an analysis method
suitable for the initial analysis of a trace of a sample microorganism using the

'DNA polymerase preparation.

20  Solution of Problem
[0013]
‘The present specification includes the following inventions.
(I) A thermostable DNA polymerase preparation, wherein:
(1) the thermostable DNA polymerase has contamination with 10 fg or
25 less of bacterially-derived nucleic acid other than the gene encoding the

thermostable DNA polymerase based on 1 unit of the DNA polymerase, and



(4) a second quantification/identification step of analyzing a conbination
of nelting tenperatures (Tmvalues) of a plurality of 10anplification
products (3 to 10 products) in the second anplification step based on a
conbi nation of nelting tenperatures (Tm val ues) specific for an
anplification product of the intended gene to quantify the anplification
products in the first quantification/identification step of
gquantifying/identifying the subject organismto be detected and the second

anpli {1 cati on Sfhd ambAfesld HDEtsCBfft‘ﬁ'ébE{:@ﬂf%H;@%hﬂ hliblefadigare” the

subj ect organis etecte | n the sa romthe quantitication

resul ts obiatdtesd evee wWhleh 3h8ydhed Biem%régi gerﬁghmpﬁﬂé'at(dWre%bﬁon are (B) a
prinmer set capable of anplifying a plurality of regions of the 16S rRNA

genes of abkrfoatéein meaﬂir@pﬁl‘atmfmd“e@@bﬁdmbﬁgc@hialmhgl{o&eﬁfplét@&%md each 20
of the base sequences of the above priners a prinmer set capable

of anpl i fyprigers phpalklkidf anylifyieg lonl}sthefbadaual@&‘derrﬁﬁﬂ ryetec atidadthef ungi ,
wherein each primer conprising entire, or 1/3 or nore of each of the base
sequencks theaar thef gerenehncoding the th(el\mostaprei BdA paymepass.fical ly anplifying an
antibiotic.resistance gene 25 reflecting a spread epidem c of the current
time such {0H]mec A gene exhibiting nmethicillin resistance wher ei n
t he thernostabl e DNA pol ynerase preparation in the first anplification step

is any one of: (A prqu@)t!oa neefbpadert aarmogaiie B PeYENgreepar at i on

produced usi ng eukar otic.cells as a host; and (B) a thernostable
DNA pol ymePERIEBHIXN LORATSING wher ei n: (B-1) the thernostabl e DNA
pol ynmer ase has- ,@n{t am.nat.i on r| al ly-derived

f
nucl ei ¢ acid ot hErq A MG e&?ﬁ@%ﬁ&S@?W@h%@e'ﬁ%gp%@ E % DNA pol ynerase

oroqucts offtpsflett ERVEPOYRRHRE B R hermortolt BNAPBErERES cuen when

32 cycl es ﬁé Q%&ﬁré?sn@{ﬁ&n&ﬁﬁhéﬁ'éeﬁ\%‘ on reaction are performed in the
unde

preparatio rons containing no tenplate using priners capable

oy Tha’ AR EapSeptafieciisgc o  acid other than the gene
(3) obtaining an extract containing the thermostable DNA polymerase
from the cultured transformant cells, followed by subjecting the extract to
15 heat treatment; or |
subjecting the cultured transformant cells to heat treatment, followed
by obtaining an extract containing the thermostable DNA polymerase from
the heat-treated transformant cells.
[0015]
20 (Hl) A detection method for a subject organism to be detected in a
sample, comprising:
(1) an amplification  step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers for amplifying

an intended gene specific for the subject organism to be detected, and a

25 thermostable DNA polymerase preparation; and



15(V) A quantification/identification nmethod for a subject organismto be
detected in a sanple, conprising: (1) a first anplification step of
perform ng a nucleic acid anplification reaction using nucleic acid
prepared fromthe sanple, priners (B) for anplifying an intended gene
specific for the subject organismto be detected, 20 and a thernostabl e DNA
pol ynerase preparation, (2) a first quantification/identification
step of analyzing a conbination of nmelting tenperatures (Tm val ues) of a

plurality of a”?ie)'égase Hspéfgﬂﬁ%t?ﬁgﬁq 57 aéﬂ:li‘ﬁ&ﬁtﬁ’c?f?%&?ddcf‘oﬁ'ﬂ% first

anplification step on tenmpératures (Tm

val ues) spasbhbed bohe ABNICfiEAKfoBER IR s Shplingaei] pnded gene to

perform the quant flcatlo Identification of the su ct organismto be

detected in theysp@hahe thermostablé@Nﬂ %ﬁ&t@sé'ﬁ?é;bér‘aﬁéﬁis)éhysbﬁ@opf
performng a nucleic acid-anplif |cat|on rreaction using nucleic acid

prepared from t (&) &amgrhstasle DNA pofymerbes prapdriativh Plodiitadnisiigled gene
specific for the subj ect organismto be detected, and a thernostabl e DNA

pol ymermseepkanyatiatcesapadibsteahdisi ng a Sbacterium as a host, (4) a
second quantification/identification step of analyzing a conbi nation of

mel ting teinper 88La deer(bstatde idA pofynserpbe ipaépangation, wingrieir:i cat i on product s
(3 to 10 products) in the second anplification step based on a conbination
of melting tenpéBdlthethqmesiaile 8NA ppymearase hes cootamination withd® for oduct s
of the intended gene to quantify the anplification products in the first
quanti fi cafrl lﬁ‘?ﬁicg&@ﬂqfla@&ﬂe&"legt”é'ﬁledﬁ agidatverthrAgne aeneuempﬂlggt Re subj ect

ZLS{‘E‘? H :in calh& b: d%@ﬁ%hﬁ‘f@gmﬁﬁr‘rgﬁg R854 op Cutit of P RA RS Ef%’zae Gofed i nthe
%EP”E. ?jlnoﬁ%:t? lon <{BE) 0 2P 'Cﬁ??ﬁ?ﬁg@?ié‘%%Pﬁﬁ@%q?aﬂﬂﬁpﬁg? Ve?aﬁtf%%%a&%}. on
"ht eaded. Bt d8BHehl Rty Yol Sradis BbRcAbru8hefale, "

t her rmstab@g %ﬁﬂ%&eﬂ Sra?roﬂgﬂ{o%}'TCBHdlt@HQc&ﬁl)airﬁ?é ?lbrtggnglate using oo (Tm

quant|f|ca|o |0n ste

val ues) of paiald bhysaie O Ry AS %nmhéfb%cféﬂan@mln.ufﬁﬁé.é 88 d%itRer based on

mel ting terrperatures (Tmv s) specific for anplification products of the
i ntended ggpp the gé?fefél’fd@dﬁﬁ'gﬁtrﬁllcﬁ@ifméﬁ‘é@!é DRAI lsfikefdgeat i on of the subject

organismto be detected in the sanple,
15 [0016]
(IV) A guantification/identification method for a subject organism to be
detected in a sample, comprising:
(1) a first amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers (B) and (M),
20 for amplifying an intended gene specific for the subject organism to be
detected, and a thermostable DNA polymerase preparation,
(2) afirst quahtiﬁcationlidentiﬂcation step of analyzing a combination
of melting temperatures (Tm values) of a plurality of amplification products (3

to 10 products) in the first amplification step based on a combination of

25  melting temperatures (Tm values) specific for amplification products of the



wherein the priners (B), (F) and (M are: (B) a prinmer set capable
cof anplifying a plurality of regions of the 16S rRNA genes of all bacteria
wherein each prinmer conprising entire, or 113 or nore of each of the base
sequences t hereof, (F) a priner set capable of anplifying a
plurality of regions of the 18S rRNA gene of all fungi, wherein each priner
conprising entire, or 1/3.or nore of each of the base sequences thereof,
and (M a prinmer set specifically anplifying an antibiotic resistance gene

exhi bi 1 ng TR Lo s PaRvn e a0 ALGH o HE BB e o
pol ymrasec&&m%ibg%té ebis thd §§ﬁ1g%nd third anplification steps are:

(A) a ther e DNA polynerase preparation produced using eukaryotic

cell's as a host §3)3d“§econd amplifdatRntdiep @Féﬂ&*nﬂn@%mﬁ&éiﬁ@%ﬁdﬁe preparation,
wherein: 15(B-1) the thernostabl e DNA pol ynerase has contam nation with 10

fg or | essamplifiesticer iealtiyn deingvastieit acri sreparat Pomehetsaniplé Nsriiéne encodi ng
t he thernostabl e DNA pol ynerase based on 1 unit of the DNA pol ynerase, and

(B-2) mo af{f)l fdrisraplifpingranodteridedoderiehspduifid for tiad bybjdetr drgadismutd isé ¢ acid are
detected even when 32 cycles or nore of gene anplification reaction are 20
per f or ned detectesl, pndpmttermoatanie &NA polyimarases praparaiion pgpduced espiged e usi ng
prinmers capable of anplifying only the bacterially-derived nucleic acid

ot her t hanbatterigeras atestiiangl t he t her nost abl e DNA pol yrer ase. [0018]

(M) A set for quantifying and/or identifying a subject organismto be 25
det ect ed cont ai (B Perondsguantdicaienfisiensfiieajion star ohesalyBing DNA pol yner ase

D o gl i P eE B o PR S 0 g s
to be 1 et egrtn%ﬂﬁcation products (3 to 10 products) in the second amplification step
based on a combination of melting terﬁperatures (Tm values) specific for an
amplification product of the intended gene to quantify the amplification
products in the first quantification/identification step of quantifying/identifying
the subject organism to be detected and the second amplification step to
15  perform the quantification/identification of the subject organism to be
detected in the sample from the quantification results obtained,
wherein the primers (B), (F), and (M) are:
(B) a primer set capable of amplifying a plurality of regions of the 16S
rRNA genes of all bacteria and primers containing all or 1/3 or more of each
20 of the base sequences of the above primers,
(F) a primer set capable of amplifying a plurality of regions of the 18S
rRNA gene of all fungi, wherein each primer comprising entire, or 1/3 or more
of each of the base sequences thereof, and .
(M) a primer set specifically amplifying an antibiotic resistance gene
25 reflecting a spread epidemic of the current time such as a mec A gene

exhibiting methicillin resistance

10



wherein the thernostabl e DNA pol ynerase preparations are: (A a
 thernostabl e DNA porynerase preparation produced using eukaryotic cells as
a host; and (B) a thernostabl e DNA pol ynerase preparation, wherein:
(B-1) the thernostable DNA pol ynerase has contam nation with 10 fg or |ess
of bacterially-derived nucleic acid other than the gene encoding the

t her nost abl e DNA pol ynerase based on 1 unit of the DNA pol ynerase, and
(B-2) no anplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or nore of gene anplification reaction are
performed in th¥ F%Béhémﬂm%ﬁ%ﬁl? %ﬁ(ﬂo?ﬁ%?@sﬁ@rﬁ?%@rﬁﬂﬁ@ inea @bl at e using
prinmers caga)abl.? f anpl i.féi n%{honl y the bacterially-derived nucleic acid

ot her than é"@%ﬁ@ R4%IPAY ONRLT her nost abl e DNA pol yrer ase. 15[ 0019]

et ebt e cont ai MR RPrnSHRE A ol ity Broly Byt Brfdlost A ° (22

t her nost ab . 1g rati on produced using 20eukaryotic cells
Db BLITES Bk SR

as a host; her nost abl e DNA pol ynerase preparati on,

wher ei g ( )]% tﬁé}ﬁ]otsﬁqjliggﬁé\gl??ég,n%isg%Iré(ﬁg.égé@'t\ﬂﬁére- ntam nation with

10 fg or less of bacterially nucl el ¢ ‘acl er than the gene

encoding the_t hea Mpsic{HepmBRIGHO DN pafyindiase fagRohiaiinbrioh witier R

pol ynmerase, "and 25(B-2) no anplification products of

bact eri al | gr gekiof edcrilipideriest hualetc deiiathatthereRe WeAB ehdodirglthe or nore
of gene anplification reaction are performed in the preparation under

condi t i onstheomoatatile N pblymErate based onpr unieobtheaDNB ol pieeenge, Bhgi ng onl'y
the bacterially-derived nucleic acid other than the gene encoding the

t her nost abl e DN@B-Rd hprasnplification pamgiudts wf thg bacterdity-derivedonepeicedid rom t he
sanpl e, 5a thernostabl e DNA pol ynerase preparation for anplifying nucleic
aci d préepadesidetesiedc: exerswhen 82 pci@anoseigensaamptificationgenstiernaee host ,
and primers for anplifying an intended gene specific for the subject

organi smt Bemernrd ggbthgcp_repg@;b@p under conditions containing no tempiate using

primers capable of amplifying only the bacterially-derived nucleic acid other
than the gene encoding the thermostable DNA polymerase.
[0017]

15 (V) A quantificationfidentification method for a subject organism to be
detected in a sample, comprising:

(1) a first amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers (B) for
amplifying an intended gene specific for the subject organism to be detected,

20 and a thermostable DNA polymerase preparation,

(2) a first quantification/identification step of analyzing a combination
of melting temperatures (Tm values) of a plurality of amplification products (3
to 10 products) in the first amplification step based on a combination of
melting temperatures (Tm values) specific for amplification products of the

25 intended gene to perform the quantificationfidentification of the subject

organism to be detected in the sample,

11



10(VI1'l1) A systemfor quantifying and/or identifying a subject organismto
be detected contained in a sanple, conprising: (1) an anplifier for
perform ng a nucleic acid anplification reaction using nucleic acid
prepared fromthe sanple, priners for anplifying an i ntended gene specific
for the subject organismto be detected, and a 15 thernostabl e DNA

pol yner ase, (2) a quantification device for quantifying the
anplified product in the anplification step, (3) a conputer for

cal cul ating the unt._of subj ect or.gani to_ he detected in the sanple
fromthe quanti f(?ggtsle%ﬂﬁq gb{ﬁﬁpgé’tbc#n %%B °£%‘8fﬁ°?’ﬁ’@&t? EHCI%t?p?e% uct of the

i nt ended g%ﬁ:- ‘ td he . nt of the
subj ect orga |lglr€r:1gﬁ%n Beeacélgp (eugne(ﬁng"ﬁé@hée@&égﬂ%ﬁ%eg?ﬂg%y{r%eé%ﬂgﬁﬁf ﬁ’f—'ﬁ{cag%li on
resul ts of (EheoagmbiifidAbn &he 8petifird 8RN

wher ei n t_he(f:g_ygte_ !lfgrﬁ)‘% g@?@%‘%@nynget %‘Qeﬁ{g{ﬁ,@%ﬁsﬁ& ﬁ%ncl)?mtt%ge _
25quant i fi cRitéQ84 | ARDA therffstable TNA YBIlymAdsa pragsansn Bro@edsy @ingavention
[ 0021] Regardi ng the detection of the sanple m Croorgani smusing a
gene anpl i gewdrivpmasededston, a. t hernost abl e DNA pol ynerase preparation can
be provided according to the present invention. The thernostabl e DNA

pol yner ase prepd#pé iseoored quantifivgtivn/iddrdifipatiore stepi ofvaalyzimg aot only enabl es
the selective anplification of DNA for detecting a sanple m croorgani sm
Oven when thebtamation ofahelting tempptaturdsoToovglaresyaf a pldralitytofd and t he anount
of DNA collected therefromis extrenely small, but also permts the

10r educt i ommglifigateiuptadwstsc 63 to 10 gmedlicts) in thel secaadiamplificagon istep

t her nost abl e DNA pol ynerase preparation, use of _a masked Primer D ner
met hod enalbP&sd @it ePMBiNalien & malting terapenasdres (Eauives)swesificferty and

o 1Ed e ek ook B et et PR IR, ' D | onger
Thus, 1t mREOS RSt Gel s e et St Pa e BR RS 1 i
(ens 1 ve b Geh S BEULSU BARTAE o oA sbBls o0 1
perform the quantification/identification of the subject organism to be
detected in the sample from the quantification results obtained,
15 (5) a third amplification st‘eb of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers (M) for
amplifying an intended gene specific for the subject organism to be detected,
and a thermostable DNA polymerase preparation, and
(6) a third quantification/identification step of analyzing melting
20 temperatures (Tm values) of amplification products in the third amplification
step based on melting temperatures (Tm values) specific for amplification
products of the intended gene to perform the quantification/identification of
the subject organism to be detected in the sample,

wherein the primers (B), (F) and (M) are:

12



20as a Hot Start nethod using an anti-Taqg anti body. [0023] - In
addition, highly specific nested PCR typically requiring two rounds of PCR
can be rapidly perforned in only one round (one step), by applying a
"nested anplification method" (JP05-292968A) or devising the extension tine
25 for PCR The design of priners is sinple and econom cal conpared to that
for the Hybri Probe nethod, the TagMan nethod, or the like. [0024]

In addition to the thernostable DNA pol ynmerase preparation of the present

nventi on, L he TRRSd L DL el S e One S op 98 s

i fi P i dl i 0025 . A r di h
v o PR S el Bt s RSP SRR R TE
et e SRR R BEk A B absged v L1 Pigh Sersi Uity by

sensitive quant '(glm %E[}iiﬁé’? sl cépé’df@jo?%hwf)&@gﬂmﬁagtybcﬁn@@%ﬁ%to?%é 9ggany

sanpl e which sh e Inasterile e I ch contam nation

with adr aFRN%fgéﬂEoﬁélPiu%?f, WHEISR! I8 SiRer S6thBasiRg dnfired 'd?ﬁ?@'o?morﬁ”

addition, this quantificafion or quantification/identification nethod

enabl es t hef BacH bPtHa g sequEnaks therebhigpld t he nunber of bacteria is _
iscontrolled or changed in the body of a patient, for the maintenance of a

sterile conditi ¢v) arprinfer seyspecificdllyoanbifyirg arc anfibivtimtésistante gehber apeuti c
effect based on a change in the anmount of infecting bacteria, or the |ike.
The conbi negflentingfa spread eptdeniagf tHie aursamfdinee andh Ehe Mmiegl gesensi ti ve
gquantification nmethod of the present invention enables drug susceptibility
20t est i ng exhibdinganéeibvciba resipiadce. Brief Description of Draw ngs [0026]
[Figure 1] Figure 1 is a diagramrelated to a geneal ogical tree analysis 25
carri &P out baswherintiie thpsrestakie BN solymasase preraratiens iNARA fissld
eukaryotic ¢

an Itr|1ird1 gr‘?f"nprlifElzclz\léAfion steps are:

(A) a thermostable DNA polymerase preparation produced using
eukaryotic cells as a.host; and
(B) a thermostable DNA polymerase preparation, wherein:

15 (B-1) the thermostable DNA polymerase has contamination with 10 fg
or less of bacterially-derived nucleic acid other than the gene encoding the
thermostable DNA polymerase based on 1 unit of the DNA polymerase, and

(B-2) no ampliﬁcation products of the bacterially-derived nucleic acid
are detected even when 32 cycles or more of gene amplification reaction are

20 performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other
than the gene encod.ing the thermostable DNA polymerase.

[0018]
(V1) A set for quantifying and/or identifying a subject organism to be

25 detected contained in a sample, comprising a thermostable DNA polymerase

preparation for amplifying nucleic acid prepared from the sample and primers

13



[Figure 2] Figure 2 is an SDS- PAGE photograph after heat-treatnent. [Figure
3] Figure 3 shows a detection limt of PCR using a thernostable DNA

“pol ynmer ase preparation using Escherichia colt DNA as a tenplate. [Figure 4]
Figure 4 shows results of verification of contam nation of non- 5specific
nucl eic acid using a thernostable DNA pol ynerase preparation. [Figure 5]
Figure 5(A) is a graph show ng an anplification curve analysis of the

real -time PCR using AnpliTaq Gold LD, and Figure 5(B) is a graph show ng an
anplification curve analysis of the real-tinme PCR using a thernostable DNA
pol yrrer ase f@r @pplifyingoan intertiaskgensyspadifigfos the subieckorganisoato be host . [ Fi gure
6] Figure 6(A) is a graph showing a nelting curve analysis of the real-tine
- PCR usi ng Agfaatadq Gol d LD, and Figure 6(B) is a graph showing a melting
curve analysis of the real-tinme PCR using a thernostabl e DNA pol ynerase
preparation prodhieseingle tRgratpstabie ANA pgjyRrerase preRarationsargsi gure 7] Figure

7 sh | t ificati f tam nati .Of ifi | ei

ci d using a t nRHBIBISTENR LN PRE I BB PR APB A SRRy Usi g A

t t.. [Ei,gute 8] .Fi 8 i h show lificati
oYzae 25 8 R8Thro FELOHES Bl TAMire B 15 @ 9ranh, showng an armplificaty on
Fi gure 8(A) shoggr) gﬂwé’ﬁo%%lgﬂ Ag@yg@ergg%’%@%%bﬁ%ﬁ%mzved t her nost abl e

DNA pol yner ase eparation produc Cér'evi S aeé as a host,

Figure 8(B) sho I i F RS j
thgr rmstfatbl)e mﬁﬂgﬁgﬁenféé@%%%% ?8%@%%%52 %@*@hﬁg Mt}ég(réef\gi si ae as

a host, Fi gH[RsqfQactHig-denivad alukRicadtdidiSerdhBH @ gehe &u%bgiﬁg%éus' derived
t her nost abl e DNA 25 pol yiverase preparation produced™by using S. cerevisiae

as a host, tHarfidseatié DNA bolnatBs@babyg oh Uahiner e IDNAP@YMEtHsedantved
t her nost abl e DNA pol ynerase preparati on produced by using P. pastoris as a

host, znd Fi gur éB-&() b arhplification praducts of ted narctaridlly-derivaid mucteid acidv ed
t her nost abl e DNA pol ynerase preparation produced by using Tobacco BY-2 as a
host. [ Fi gareedéiectcdevan @hes 32 aychgshorghore ofggenaainpiificptionrreectioraéngsi s of

the reel- s tinme PCR Figure 9(A) shows an analysis using a T.
aquat i cus- perpreed tmmermrepamt@nmdep@ppdryoaseopégpagarpitempiﬂted@md by using
S. cerevisiae as a host, Figure 9(B) shows an anal ysis using a nutant P.

f ur i osus- dBFiMEE Capehlfss eam ié/imnbfz)th?@%@"MT@&%{?&”L@W‘M@Q@W by using
oo oonar! ol (& gene Shcoding'te thermastabia BNA pdlymersse; US' M9 @ mitant T
15 [0019] |
(V1) A setfor quantifying and/or identifying a subject organism to be
detected contained in a sample, comprising:
any one of
(A)a thermostablé DNA polymerase preparation produced using
20 eukaryotic cells as a host; and
(B) a thermostable DNA polymerase preparation, wherein:
(B-1) the thermostable DNA polymerase has contamination with 10 fg
or less of bacterially-derived nucleic acid other than the gene encoding the
thermostabie DNA pblymerase based on 1 unit of the DNA polymerase, and

25 (B-2) no amplification products of the bactérially-derived nucleic acid

are detected even when 32 cycles or more of gene amplification reaction are

14



10 derived thernostabl e DNA pol ymerase preparation produced by using S
cerevisiae as a host, Figure 9(D) shows an analysis using a T.

-~ aqueous- deri ved t her nost abl e DNA pol ymer ase preparation produced by using
P.. pastoris as a host, and Figure 9(E) shows an analysis using a T.
.aquaticus- derived thernDstabIe DNA pol yner ase preparation produced by
using 15 Tobacco BY-2 as a host. [Figure 10] Figure 10(A) is a graph
showi ng a conventional PCR condition setting and a fluorescence detection
point, and Figure 10(B) is a graph showi ng a fluorescence detection point
in a maske@erormed imthepraparatism urider gonditionk cpngﬁjmlegmtemmai@wmrangerrent
of priners and anplification 20 products in sem - nested PCR

met hod. Fi @ulﬂ@riféBzf‘b'?erv%n%!lfylaE@éﬂﬁbﬁhe Qﬁct%’ﬂa”Néi%"V@ﬁd‘%P acid@theon

r oduct Ste t re 11 ho a ral ] of Tm
\F;al ugs ?Blag"ei Nt %%{EES %Ef%gﬁ%?f ggt@&@ Qh prilp;m\g?@@e :Ja(.g@ql\fg%gm ues (dI
to db) fromt@ t he vaalg%s [Figure 12] Figure 12 is a block
di agram sh&\Wif bC%(H B"f‘ﬁ?ldécrq{’f‘ ﬂ&e 5%"{3 25f or carrying out quantification

win T dS?te'sfeh%qfﬂﬁ&a%@faB% ORI PR RpaeR GESFEN B e oW g an
devcr i bed ?EWP‘G‘F%O‘*"??*“V@E g Bt SR Ao Ra B EBAG AR ve o

E. I d "By f D. W
5[ Flcglure i?l] Fi Sure 14 is qgrgpiﬁsﬁ%ﬁér@%ﬁ@nﬁ?@gﬁgmévgg%% %ig carzi ed

out in theopiAHsMATd baWdteLieas described in Table 1. In this drawi ng, "A"
shows a nelting curve of E. coli, and "B" shows a nelting curve of a prinmer
dimer. [Fi¢go29]15] Figure 15(A) is a graph showing an anplification curve
of results of the real-tinme PCRin the program conditions described in
Tabl e 22 | n thi §VII)& syEterg,for’ dlarstiiging ama/@ripentifyingta subjectrarganisnBo coi |,
and "8" shows an anplification curve of distilled water (D.W). Figure
15(B) is abgrdgtectsticantainecin a eamiple, omptiséngam nati on of infectious
bacteria/fungi using a DNA extraction solution of each test sanple as a
tenplate. In th(® aﬂamph@erfOAperf@rralng@mmIencmd gmpdiieatiproeagiony/ bi cans as
a positive control, "B" is an 15anplification curve of distilled water
(D.W), ta]elS'\Wﬁtrélde'%Bpid(ﬂeﬂﬁ[@fmfﬁdhe§ﬁm% RUHDRNS, foaﬁmpéifwn&aﬂd. tioning

' ect | ouaTsaRaEt§ n%ép%‘gﬁ%?c%ﬂms“°B1eg&a%q%%néﬁ?%bp&% 'e60eH Post sampl e as
Cnumbars of NeyatEtia PN POdmerShse fve control - 8" s an 20ampl ifi cation
curve of hot spihngq el flcatioh ¥B%ceGhr G5 tHing e Bfhpiified prddud'h the
amplification step, _
(3) a computer for calculating the amount of the subject organism to
be detected in the sample from the quantification results of the amplification
20  product of the intended gene, and
(4) a data base for calculating the amount of the subject organism to
be detected in the sample from the quantification results of the amplification
product of the intended gene,
wherein the system is for performing the detection method or the

25  quantification/identification method.
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anplification curve of air-conditioning water (nunber of cycles: 28.96),
and Dis an anplification curve of anplification curve of distilled water
“(D.W), tap water, and spring water, respectively. [ Figure 16] Figure 16
is a graph showing a result of exam nation of infectious 25fungi when a
~cream puff is used as a sanple. Figure 16(A) is a proliferation curve when
a fresh creampuff is used. In this drawng, "A" is a proliferation curve
of C. albicans as a positive control (nunber of cycles: 23.78), and "B" is
a proliferation curve of distilled water (D.W) and a cream puff (cream
(nunber of Adyaniegeous Efferts & lpuertid6(B) is a proliferation curve when an
old creampuff is used. In this drawing, "A" is a proliferation curve of C
al bi cans aP®1positive control (nunber of cycles 23.78), and "B" is a

proliferation curve of distilled water (D.W) and a cream puff (creamn
(nunber of cycl Bggaming e deteciopef ihg sgmpler BIcIQONganENy HEKHE SENE ng a

Egﬁgl b %K §[Xn%5* omyTeetian 1o festmes Ou%ﬁﬁ PV BENPIETaRo AT EOA PEGHCER BB put 1 15
Si?.t.'vsfg %Bﬁwfgqoa HBihking g th ple Bt imysigh. Hheihegiositanle oG .fi‘fat: on
ool 1t or at PONMSTFSR fieiration Hokoffiti R FisFEsH buy i bsaty dHaflefs R
2 prol 11 et i Qo mBlndaroh O A 1 JABHAYS st S B lorbaiier of of

cycl es: eration curv

(number of cfafehsn B4 affluntdthe Cambfe AiRbaIdRIRIS mﬂ.t@a"ahstﬁé st 11 ec

wat er (DW Figure 18] Figure 18 1s a graph showng a result of

exam nat i ogmaeintef BNR eslIkctaPlefePdmSerkiremdl\aspall | Rittaldd pefinkitdeC.

al bicans. Figure 18(A) is a 20proliferation curve of a fungal universal
primer.o | nrddiciodioapraductiBnicesd proliferation curve of C. al bicans as a
positive control (nunber of cycles: 27.51), Bis a proliferation curve of a
bl ood sanp]0®2¢pati ent A: nunber of cycles: 33.70), and Cis a proliferation
curve of distilled water (D.W). Figure 18(B) is a proliferation curve of a
bact eri al uni velrsadditien teethe thermastabte BNARRlyRErase prepargtiasl, usercfigi on cur ve
of E. coil as a positive control (number of cycles: 33.70), and "B" is a
proliferat MﬁKQQIE’VI@TfoDIQHSI raewoeﬂeeﬁabé%ﬁwwu@t(t@ta\ta defectign Wihowt sti | | ed wat er
(D.W). [F| re 19] Fi r 9.is a graph shaow %@3 result of exam nation

using a blk nsit @'E@Hﬁ?sp@?lr@ﬁtdéa[ﬁ? E'VltY gyegggcprgger Fi gure
19( A | f f | .. 1 n thi

dr o A5, T rq?gﬁgﬁéﬁi@hw@feﬁq%ﬂ SRS %éo#ﬁétﬁqer{;i B e cont ol
and 5" | 8 B OLLL LR OReSHEYS Pl R AERPhEr IR 2N

intercalator. Thus, it makes quantification accurate to the d_etection

sensitivity limit (sensitive quantification procedure) possible. In addition, this

method is simpie and economical compared to conventional methods such
20 as a Hot Start method using an anti-Taq antibody.

[0023]

In addition, highly specific nested PCR typically requiring two rounds

of PCR can be rapidly performed in only one round (one step), by applying a

"nested amplification method" (JP05-292968A) or devising the extension time
25 for PCR. The design of primers is simple and economical compared to that

for the Hybri Probe method, the TagMan method, or the like.
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Figure 19(B) is a proliferation curve of a bacterial universal primer with
respect to a blood sanple. In this drawing, "A" is a proliferation curve of
E 10co/las a positive control (nunber of cycles: 22.53), "B" is a
proliferation curve of a blood sanple (patient B: nunber of cycles: 34.07),
and "C' is a proliferation curve of a distilled water (D.W). Figure 19(C
shows a proliferation curve of a bacterial universal primer with respect to
a.blood culture test sanple. In this drawing, "A" is a proliferation curve
of a blood 15culture test sanple (patient B: nunber of cycles: 14.47), "B"
is a prolif0@24fi on curve of E. co/las a positive control (nunber of cycles:
25.64), and "C' is a proliferation curve of a distilled water (D.W).
[Figure 20] Fi glradditios tmtee therrasstabloDNApolymerase prepCRiarsofitpeDNA of VRSA
as a tenplate, and using a prinmer specific to MRSA. "A" is a 20

proliferat pme@nwgnWm Hhe nspekesk Prmer Dirser methogand thepaeister oested with a
mecA priner, " proliferation curve with a bacterial_ universal

primer, anaoﬂjnﬁt@dac@? Bejyseddn combinatian ig; Retfarny ighk sansitiver s@hhor i ner .

[ Figure 21 is a h showi ng neasurement of drug sensitivity
of detecte @ﬁ‘%h@lé@é’é&%@“&’pﬁ‘%@ﬁm dis with respect to gentamcin (GV) and
25erythro % (EM fromthe enrichnment anount overtinme. Figure 21(B) is a
gr aph shom Jneasuremant of drug sensitivity of Bacillus cereus with

T AR R A SRR A 1
No. 1

i o1t SRR FibBiTg AP Rl HiBbics oI b e*é’%*égﬁff”ﬁf “the

rreasurerrenp:" Hfs gt t@ﬁ%bg n%ﬁi%b‘iéh%ét}&hg'm@ MEthagd <Y & Bléé’tlﬂs le No.2

vmththreat pre ivery 'C' are res ctlon
at t errgtoed Qmplllélaﬂg I'ﬁ@fﬂ%'%éhﬁhvé'&wﬁf fﬁﬁtmﬁ@f%tﬂxetﬁ'&ﬁgaﬁsm @i il ed wat er,
"B": E. coil as a positive control, and : amiotic fluid sanple are

s h_ovvn. D' détectdd fortry saaiplé hish Qﬁilﬂ@lblecm a stgmteeémﬁredmént esimwhfohngal
universal primers, and "D': distilled water, "E":

contamination with a trace of the subject organism to be detected is a

problem. In addition, this quantification or quantification/identification method

enables the monitoring of a state in which the number of bacteria is

15 controlled or changed in the body of a patient, for the maintenance of a

sterile condition or the number of bacteria, confirmation of a therapeutic

effect based on a change in the amount of infecting bacteria, or the like. The

combination of the culturing of a sample and the highly sensitive

quantification method of the present invention enables drug susceptibility

20 testing to be performed rapidly.

Brief Description of DraWings

[0026]

[Figure 1] Figure 1 is a diagram related to a genealogical tree analysis
25 carried out based on the gene sequences of bacterial 16s rRNA and

eukaryotic cell 18s rRNA.
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al bicans as a positive control, and "F': amiotic fluid sanple are shown.
"G' to "H' are results of detection attenpted by using a prinmer specific to
-the genus Mycoplasma, and "G': distilled water, "H': Mycopl asma positive
control, "I": amiotic fluid sanple are shown. "J" to "L" are results of is
detection attenpted by using a priner specific to the genus Ureapl asma, and
“"J": distilled water, "K': Ureaplasnma positive control, and "L": amiotic
fl.uid sanple are shown. [Figure 23] Figure 23 shows a confirmation of

whet her or not nested PCRis well carried out by using a Tmval ue of an
anpl i fi cat [Fagurer 2jdtiglirdd isnark SOE-PAIGE photogras aftemigdatdrezgmanstem - nest ed
primer. Figure 23 (A shows that only an outer anplification product I (Tm
val ue: 87(Figuresdigiigtiiecd shbws actetectidnelimitplf POR asingra thermo$teble BPNA and 4 i s
carried out. Figure 23 (B) shows that only an inner nested anplification
product | | pelymevase grergBajon usingicschedciyaiopéDNA @sraiemplatapl i fi ed when
only the Aﬁlifi cation 2 in Tables 3 and 4 is 25carried out. [Figure 24]

Fi gure 24 Brawe Hdrigurenhshews resudltsial yerificalionset gandaminationgfinenspeci fi ¢ PCR
is well carried out by r,rixi,n% a hirgnhl sensj{tive detection nethod using

e- DNAP,5 a PRPFIUG BWFigls 3pid HeMIminesmes bﬁ@;’ﬁn@%’wrﬁ@p@%%{f’%y using an
actual sanple. FEiqure 24(A) is a proliferation.curve when a progr.am of
Table 3 or Iridinec1F ool le.a Ban Hiokng St pRBliEHon SRS ebabSRE | 1 n
this draw pg, "A: i ol1f i rve of, E._ €O and "B', is a
prolifer at_{P’%nregﬁpwgS%(?Rﬁ.?sgjeé ﬁﬁ@iﬁtﬁﬁgt &H(Lﬁﬁ}d EIQHFPS.EE@LI?%U%F?FJHUWHH DNA.
Figure 24 A & 0G: I 1 : Table 4 is
carried ouf"@v&wbﬁ%%ﬁbh@ﬁ%}gﬂ |§ﬁ@85§£é@€f€épﬁ%? E%gi rﬁns'-:l tgﬁlg curve of E.
colt and "RBard ' L&AH Ioo ; aur eus,
i DA, TSt DN A B e R PR R0 BE oIS e

nest ed @anphs kifati on product |1 (Tmvalue: 83C), and other anplification

products such as anplification products of distilled water (D.W), S.

aur eus, anfFigireds) Fijired(B) 0 gedisresiveming[dingiting dirle Ehgbvrsis @rhefheas

confirmation whether or not nested PCRis well 15carried out fromthe size
of an anpl firheRCR wsiny AcpdiTag\Gotd XID)andFigarepbBYes & graph sHowihga sem - nest ed
prinmer. When only Anplification 1 is carried out, only the outer
anpl i fi cat meHingraoue anblySBAS the realdiraenpICR uethg atrenmostabléNAfi cation 2 is
carried out, only the inner nested anplification product Il (110 bp) is
anpl i fi ed NOlgMerass prapesatiamproguseq byusingabr cergvisiae avalhpst.he
15 [Figure 7] Figure 7 shows results of verification of contamination of non-
specific nucleic acid using a thermostable DNA polymerase preparation
produced by using A. oryzae as a host.
[Figure 8] Figure 8 is a graph showing an amplification curve analysis of the
real-time PCR using a masked Primer Dimer method. Figure 8(A) shows an
20 analysis using a T. aquaticus-derived thermostable DNA polymerase
preparation produced by using S. cerevisiae as a host, Figure 8(B) shows an
analysis using a mutant P. furiosus-derived thermostable DNA polymerase
preparation produced by using S. cerevisiae as a host, Figure 8(C) shows an
analysis using a mutant 7. gorgonarius-derived thermostable DNA
25  polymerase preparation produced by using S. cerevisiae as a host, Figure

8(D) shows an analysis using a 7. aquaticus-derived thermostable DNA
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20i nner nested anplification product Il (110 bp) is anplified. Description
of Enbodi nents [0027] (1) Thernostabl e DNA Pol ynerase Preparation 25The

- present inventors produced a thernostabl e DNA pol ynerase utilizing genetic
reconbi nation using a bacteriumas a host by the same manner for the
commerci al thernostabl e DNA pol ynerase preparation, and studied the
“application of the produced thernostable DNA pol ynerase preparation to PCR
for detecting a target organismto be detected contained in a sanple.
However, regarding the detection of the subject mcroorganism5 to be

det ect ed upblygnd?Pese preparatiem ptdducadiynising A pesforisrasa bast, andiFiguwresanpl e i s
smal | and the anount of DNA collected therefromis extrenely small, no '
t her nost abBEDNOWEY @palysts ysieg aratdquaticusddribed thesmiodtabldPNAe _
conventional process, which could increases the nunber of PCR cycles and
sel ecti vel polmArasy prppRraten geadiced iy wsingibpeaccaByrdes gdindm t o be

10det ected,_and enabl ed_t he reduction of production cost. [0028]

Accor di ngl {E'Q'ér@n%]i Rigviend it agrarh shawingaymeiting give anglysisRfithe readlt i on
efficiency, for t her nos | e DNA pol ynerase, and the,. like, the present
Cvent o BBl (bde SR8 B SrdVaE LaRaA I GOV Y sim.
referring 15t0 a, ph netic tree (see.Carl R ese, "Bacteri-al :
vl ut | on TgeR iAo PRYA Balipieskie Pedreistothindlisa ) S 6P BYES2 and have
f ocused at t Vel , | BOs b1 L a host.
As a resul %g%fHc%?-uﬁgP%gﬁeﬁgﬁﬁlﬁ%é‘%xg@@ﬁﬁﬁ2'5‘#551Qb’f‘)é’g%égﬂl’g rase

usi ng euka ' | Jﬁé pority. of

t he thermgﬁﬁogt%bg\lgﬁ@ﬁgpﬁég%Bfé?%sg{?%ﬁggdgﬂ_ggagﬁ’qrll_s ﬁjgﬁreé‘r’?%% er in the
cul ture exggaHosEgLRL § )esﬁowaﬁahay@i@.%swia'rﬁmtamalr.sg&pbnaﬁbsm' lized by

subj ecting the precipitate and the supernatant to heat™ treatnent. This
heat i ngy st geri¢anttRARoEabIE DN polgridhgsdTpRpRphRorPbddReby By sy Bhich is

active and highly purified. In various studies, It has been found that the
t her nost abterebisfaapad wrivysasEigreeP@)ahiows an analysis using a T. aquaticus-
derived thermostablé DNA polymerase preparation produced by using P.
pastoris as a host, and Figure 9(E) shows an analysis using a 7. aquaticus-
derived thermostable DNA polymerase preparation produced by using
15  Tobacco BY-2 as a host.
[Figure 10] Figure 10(A) is a graph showing a conventional PCR condition
setting and a fluorescence detection point, and Figure 10(B) is a graph
showing a fluorescence detection point in a masked Primer Dimer method.
[Figure 11] Figure 11(A) shows arrangement of primers and amplification
20 products in a One Step semi-nested PCR method. Figure 11(B) shows
arrangement of primérs and amplification products in One Step nested PCR.
Figure 11(C) shows a plurality of Tm values (Bac1 to Bac5) obtained from
bacteria and the relative values (d1 to d5) from the average of the Tm values.
[Figure 12] Figure 12 is a block diagram showing one example of a system
25 for carrying out quantification and/or identification of a target organism to be

detected in accordance with the present invention.
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25 at least has the feature of causing no DNA anplification when a tenpl ate
Is not added in the genetic width of bacterial 16S rRNA. [0029] The
-present invention will be described belowin detail. [0030] The
t her nost abl e DNA pol ynerase preparation used in the present invention is a
preparation containing a thernostable DNA pol ynmerase and has at |east one
"feature of the following requirenents (A and (B). [0031] (A A
t her nost abl e DNA pol ynerase preparation satisfying the foll ow ng
requirenents (1) and (2): 10(1) The thernostabl e DNA pol ynerase has
cont am nat i[Bigure 18] Rigufey1®is & egaploshdwinyem arnplificktionwedverandlgsis aci d ot her
than the gene encodi ng the thernostabl e DNA pol ynerase based on 1 unit of
t he DNA polcarachsit.in (29 pMgramptarfditoontsi descpibed i Taibkef 1.t rethis drawing,
bacterial ly-derived nucleic acid are detected even when 32 cycles or nore
of gene anphi shews aoempliication carve afspadfioane dBlLiakews aoramplificatoront ai ni ng
no tenplate, but_ using priners capable of anplifying only the
bact eri al | gL ohvdistiliegdovates (RWa. ot her than the gene encoding the
t her nost abl e DNA ynerase for the preparation. [0032 i X (B) A
t her most abilGOBRA! BTEHE RS B OERRT SIORG G LRGeS AGRSis RBRISBOME col | s
as a host. .[P033 The contam nat i wi,th "10 or lLess' of the
bacter al i 1 Hehbaeem sendtens dRsERain PaiE thdn A8 rdign BRSheds =
cont am nat i on,. | [ et erm 10 be "10.fg or | . detection
met hod in W%tjrﬁ%@?eoiﬁé:ﬁﬁgwsgo%%@ ”%%F"ﬂﬁ%éa’ﬁpﬁﬁ?aﬁgf ﬁlnﬂ%r- descri bed
later. [Figure 15] Figure 15(A) is a graph showing an amplification curve of results
of the reai-time PCR in the program conditions described in Table 2. In this
10 drawing, "A" shows an amplification curve of E. coli, and "B" shows an
amplification curve of distilled water (D.W.). Figure 15(B) is a graph showing
the result of an examination of infectious bacteria/fungi using a DNA
extraction solution of each test sample as a template. In this drawing, "A" is
an amplification curve of C. albicans as a positive control, "B" is an
15 amplification curve of distilled water (D.W.), tap water, spring water, hot
spring water, and air-conditioning water. Figure 15(C) is a graph showing the
result of measurement of infectious bacteria using a DNA extraction solution
of each test sample as a template. In this drawing, "A" is an amplification
curve of E. coli (number of cycles: 14.47) as a positive control, "B" is an
20 amplification curve of hot spring water (number of cycles: 30.54), "C" is an
amplification curve of air-conditioning water (number of cycles: 28.96), and D
is an amplification curve of amplification curve of distilled water (D.W.), tap
water, and spring water, respectively.
[Figure 18] Figure 16 is a graph showing a result of examination of infectious
25 fungi when a cream puff is used as a sample. Figure 16(A) is a proliferation

curve when a fresh cream puff is used. In this drawing, "A" is a proliferation

20



[ 0034] For the purpose of the present invention, the "extract" may
be a conposition containing the thernostable DNA pol ynerase taken out of
-cells or fungal cells. The solvent and extraction nmethod used for obtaining
the extract are not particularly Iimted. Exanples of the nethod for
obtaining the extract can include the follow ng nethods: (1) A nethod
“conprising treating eukaryotic cells having produced the thernostable DNA
pol ymerase with an enzyne lysing cell walls such as Zynol yase, cell ul ase,
chitinase, chitobiase, Chitosanase p-1, 3-glucanase, or |ysozynme; 10(2) A
met hod conpuivei ofdC..afbingna apleysositive oenthal gnempeogl oxrlesm 23 8)asoti'B" wave,
French press, or glass beads, a nmethod conprising rupturing the cell wall
or cell neifbd Qrﬁlfej‘@tlﬁ@@ur\f&ﬁfdiﬁtﬂietdewﬁtGRéD{@ J@nd acream pufffersianilon cont ai ned
in cells or fungal cells er?) )E ng a sol vent such as water or a buffer

sol ution teﬂtﬁanfecyﬁie%ﬁﬁ dot Figute 1568Bis apraiiferation swHiye whemas@ld act i ng,

outside fun ernnstablel NA pol yner ase rodu d using a nethod
conpri si ng® ”%PH '? Hée@xr K Arayying, ?étRﬁ%Vefﬁ' rY%ﬁ’ (éf alh’f‘ea

ff‘ﬁé”"fﬁé??#ga%t T B b PEORES 2 Gl P R B s BTl R d an
" her nost aBr SR sleg MGt O ST BR R a8 Péﬁicrﬁﬁﬁﬁiﬁambsﬁgﬂw%r i ng 2

t her rmstabhg3 pol ymerase, and can be obtained as the extract itself or
t hrough various treatnents such as purification, dilution, and m xing with

a di fferengr; ; - [ an al so
"ncl ude the A T aeSr ols £BMERRSHbwiRd TR LA S EPRAR LI o

pol yner asepagtetib wherPg chsarfliptffak Yie8d ia8 AsiHplee Figated 7(@) i€ ant ai ni ng _
phosphoric acid, boric acid, carbonic acid, citric acid, acetic acid, tris,

tricine, bpmhferraﬁmmeurv\eemmb frddppareamiburess, usea sin tﬁanﬁaw’F@s 'AMzps, Mes, or

the like as an ingredient having a buffer 5action. (B) the
pol ymer aseprdiferatiors convessfri. doficest & positive coMyell(AumbeTes cyclest2856), ke in a
sol ution. (© the solutions (A) and (B) as they are dried by a

met hod sucand$B' isappidliferation eurveoffaligiled water (D.W.) and a cream puff

(cream). Figure 17(B) is a proliferation curve when an old cream puff is
used. In this drawing, "A" is a proliferation curve of E. coli as a poéitive

15  control (number of cycles: 23.78), "B" is a proliferation curve of a cream puff
(cream) (number of cycles: 24.48), and "C" is a proliferation curve of distilled
water (D.W.).
[Figure 18] Figure 18 is a graph showing a result of examination using a
blood sample of septicemia patient A with by C. albicans. Figure 18(A)is a

20 proliferation curve of a fungal universal primer. In this drawing, A is a
proliferation curve of C. albicans as a positive contrdl (number of cycles:
27.51), B is a proliferation curve of a blood sample (patient A: number of
cycles: 33.70), and C is a proliferation curve of distilled water (D.W.). Figure
18(B) is a proliferation curve of a bacterial universal primer. In this drawing,

25 "A"is a proliferation curve of E. coli as a positive control (number of cycles:
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Met hods for obtaining the "thernostable DNA pol ynerase preparation” from
the "extract" may further include purification, dilution, and mxing with a
di fferent substance or conpound. [0037] 15Exanples of the purification

nmet hod i nclude the foll ow ng nethods: (I') A nethod using electric
charges in ion-exchange chromat ography, hydroxyapatite chromat ography, or
the like, for an extract of a culture nediumor the |like containing a

t her nost abl e DNA pol yner ase. (I'1) A nethod using specific

o R i e 1
o cct o BRVBRHCTLG 171 et on o the ke T TR
acet one pm{:’gg'%et g?]i %ﬁS}eP‘E%%pé g{:ﬁh %@‘?‘Y@%&ﬁ%@i%k%ﬁ%@ n"_,'s‘?rgétJ 8t he i k_é.
[0038] " Thel e oRaraaE Hel Py e bt ol BaRALp RpUBRY U EAPE 4 12, o 5

These et NgSir&aflof BIRRIGS Atdhdah BnhBRIATBAH 4 G alingerass scontai ned in

the extrac reduce or reno contam nati ng proteln, cleic acid and the
l'i ke deri vgghiitaratibh Rareost €. BR3Pk as a positive ESANFDI 8RJOB" [she di | ution met hod

i nclude a method which conprises 10adding, to the extract, a solvent for
m xi ng wi t pralifsratih caple ofSalBidodssamible(patieritBy dnd dietillspivatar gD.W[)0040]

Figure 19(B) is a proliferation curve of a bacterial universal primer with
respect to a blood sample. In this drawing, "A" is a proliferation curve of E.

10 coli as a positive control (number of cycles: 22.53), "B" is a proliferation curve
of a blood sample (pétient B: number of cycles: 34.07), and"C"is a
proliferation curve of a distilled water (D.W.). Figure 19(C) shows a
proliferation curve of a bacterial universal primer with respecf to a blood
culture test sample. In this drawing, "A" is a proliferation curve of a blood

15 culture test sample (patient B: number of cycles: 14.47), "B" is a proliferation
curve of E. colf as a positive control (number of cycles: 25.64), and "C"is a
proliferation curve of a distilled water (D.W.).
[Figure 20] Figure 20 shows a result of the real-time PCR using DNA of
MRSA as a template, and using a primer specific to MRSA. "A"isa

20  proliferation curve with a Spa primer, "B" is a proliferation curve with a mecA
primer, "C" is a proliferation curve with a bacterial universal primer, and "D" is
a proliferation curve with a fungal universal primer.
[Figure 21] Figure 21(A) is a graph showing measurement of drug sensitivity
of detected Staphylococcus epidermidis with respect to gentamicin (GM) and

25  erythromycin (EM) from the enrichment amount overtime. Figure 21(B)is a

graph showing measurement of drug sensitivity of Bacillus cereus with
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For the method of mxing with a different substance or conpound, the m xed
_substance or conpound is not particularly [imted; however, exanples

15t hereof include one or two or nore selected fromthe group consisting of
pot assi um chl ori de, potassium acetate, potassium sulfate, ammoni um sul f ate,
.-amoni um chl ori de, amoni um acet ate, nagnesi um chl ori de, nagnesi um acet at e,
magnesi um sul f at e, manganese chl ori de, nanganese acetate, manganese
sul fate, sodiumchloride, sodiumacetate, |ithium 20chloride, |ithium

tate, | ci hl,orid - T t , _dithiothreitol, o)
ol yoor of . FRRMCREIF T (578 AR E 1 SpiemyBize Ehgan 6. Tueen 80,
Trit X 1Q0.. 40, RNA t ei : ti bodi es, BSA, etc.),
GATP, | dGTPO YR ARbOEERE: ONTPs, SYBR O en, over or een. SYTO9, and wax.
25[ 0041 : Jhe " il i-a '
anE:i ent] baLﬁ'%‘#ﬁ%?%@%%%%@gﬁ?%%q'%%@‘? éﬁg{%‘ﬁh‘%ﬁ%ﬁ#e@r@&ﬁy ﬁmf‘%c_?r;%gga? LI’ e of
o o Baleridlélifn Bh ARfoRE AR SamdBNGASUIPRN AT RATHEELA 4d o1, Car

be applied to esent 1 nventron are I cul ar I'mted provided

that they Fglure PoUBY BhalE &R SHehé MddstfembRAPIRhfectious The

"hyper-therrmmophili'c"bacteria” refers to eubacteria or ancient bacteria

(ar chaebacpgétega/flrfiimanamsibtit ABld sHraweNS orRe firdstenel pP&kraliremor e or
vi abl e at 90C or nore. The hyper-thernophilic bacteria which can 10be

appl i ed todéihverpr 8ttt "G rareneslts off detesiorpattérmptddasy Msihgbdcestigdr ovi ded t hat
they fall within the above definition. Currently, 100 types or nore of
t her nophi | ucivarsal psimers, tanet A pdistilled atdrefB'a Fareliiesd postivaoontralent i fi ed,
and these may be each applied to the present invention. Exanples of such
t her nophi | ard 6¢" @ppYetic Aeidraamnleiare ishower i'R" danFT acs @salts BEdaigstioni ¢ or
hyper- 15thernophilic bacteria belonging to the genera Thernus, Bacillus,
Ther mddoccaliem ¥ deing Sungel Usyinarsah Prisaenss ard "Bl distillesusateny Bl 6. bus, or
Met hanopyr u’%._ [ 00434 " ' - .

albicans as a positive control, and "F": amniotic fiuid sample are shown. "G"

to "H" are results of detection attempted by using a primer specific to the

genus Mycoplasma, and "G": distilled water, "H": Mycoplasma positive

control, "I": amniotic fluid sample are shown, "J"to "L" are results of

15 detection attempted by using a primer specific to the genus Ureaplasma, and

"J" distilled water, "K"; Ureaplasma positive control, and "L". amniotic fluid

sample are shown. -

{[Figure 23] Figure 23 shows a confirmation of whether or not nested PCR is

well carried out by using a Tm value of an ampilification product by mixing

20 three primers including a semi-nested primer. Figure 23 (A) shows that only

an outer amplification product | (Tm value: 87°C) is amplified when only the

Amplification 1 in Tables 3 and 4 is carried out. Figure 23 (B) shows that

only an inner nested amplification product Il (Tm value; 83°C) (others are

primer dimers) is amplified when only the Amplification 2 in Tables 3 and 4 is

25 carried out,
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More specific exanpl es thereof include Thernus aquatics, Thermnmus 20
_thernophilus, Bacillus stearothernophilus, Aquifex pyrophilus,

Geot her nobacterium ferrireducens, Thernotoga maritine, Thernotoga
neopol i tana, Thernotoga petrophila, Thernotoga napht hophila, Acidianus
i nfernus, Aeropyrum pem x, Archaeogl obus ful gi dus, Archaeogl obus pro
fundus, Cal divirga maquilingensis, Des ul furococcus anyl ol yticus, 25
Desul furococcus nmobilis, Desul furococcus mucosus, Ferrogl obus placidus,

FS?,?LSE’EESfﬁ‘ﬁ@%%@w%%Sﬁ%%’%%eﬁﬁwékﬁ‘%é%%H‘VKfS%Cr}%aw& HEHONBET v ens,
et hanot ﬁé%ﬂu’v‘"’ FERFin AE0 RETRSRARAT AL Bty bR BectaR fdhba
ferrophi I ug -P@gﬁ‘gﬁﬁbﬁ%‘@%}} Fn*éiﬂod%ﬁ@g‘:‘lﬁh% E p?ﬁéét@ldflﬂﬁ‘lgy riethByr obacul um

5 islandi cum um oguni‘ense rococcus furiosus rococcus

abyssi, Pypg L@mﬁaemral kambldl. . FIBUIOSAR) IS 2 WRGTBIatioRELAHS Glote abyssi

Pyrodi ctium brockii, Pyrodictiumoccultum rol obus fumarii,
St aphylot hprdg,témrwrrlran@ 3 FPTRibI@Hiia chiriddoga vitha IpAimepp ‘e@ﬁ'@buf gelif atari cus,
Sul f ol obus shi bat ae, Sul f ol obus tokodaii, Sul fophobococcus ziffigii, 10

Sul f uri sphirethis dfawdkglEWSiis a prokferationastiree bbEakal, aeasBS is dhpeoifecatiorus cel er,
Thernococcus litoralis, Thernodi scus maritinus, Thernoffium pendens,

Ther nopr ot eurvetadrdistill ed veaten(d.tY.¢ and & wuregpd)iHurean Thbh. mbaphra@dxBageegans,
Vul cani saeta distributa, and Vul cani saeta souni ana. 15 [0044] The

product i onMedingelrve when & eregreradi EaBIR grol ahie dds sapiashautawitva accor di ng
to the present invention conprises producing a thernostabl e DNA pol ynerase
usi ng host PB@EF§P9%@F%EnC@/uka‘}"y§ﬁ metian| aires of Gseef, #nd e inagpeliagi s.

and i idbot Cewed SIHES ste @im B orey, Himag O, Ba Foeficalivaryor o
cel s and a@%&“i)mwﬁ%nt@{sf g8 5 e OB B BT U o
others, Ye3siLe: 83°C), and other ampllf ication products such as amplification products
of distilled water (D.W.), S. aureus, and Human DNA are not observed.
[Figure 25] Figure 25 shows confirmation whether or not nested PCR is well
15 carried out from the size of an amplification product by mixing three primers

including a semi-nested primer. When only Amplification 1 is carried out,

only the outer amplification product | (548 bp) is amplified. When only

Amplification 2 is carried out, only the inner nested amplification product lI

(110 bp) is amplified. When Amplifications 1 + 2 are carried ouf, cnly the

20 inner nested amplification product Il (110 bp) is amplified.

Description of Embodiments
[0027] _
(1) Thermostable DNA Polymerase Preparation
25 The present inventors produced a thermostable DNA polymerase

utilizing genetic recombination using a bacterium as a host by the same

24



25 and filamentous fungi are preferable; and exanpl es thereof include the
genera Saccharomyces, Schi zosaccharomyces, Candi da, Pichia, Hansenul a,

Kl uyver onmyces, Zygosaccharomyces, Yarrow a, Trichosporon, Rho dosporidi,
Aspergillus, Fusarium and Trichodernma. [0046] More specific exanpl es
.thereof can include Saccharonyces cerevisiae, Schizosaccharonyces pornbe,
Can dida utilis, Candida boidini, Pichia netanolica, Pichia angusta, Pichia
pastoris, Pichia anonala, Hansenul a pol ynorpha, Kl uyveronyces |actis,

S eaasors BRI s A P AR eSS i i

As [ i, As i 1 Tr i. [0047
An:pﬁ;f" gJ%@f”%%@meﬁﬁéﬁbth‘éi@rﬁeﬁﬁ ﬁfeim%lﬁqdq'@ Hﬁf@%@h?&@%@??iéﬁ | ) |
cul tur od CoLd it POR £ M SRg el SATc LRt (R ARLLR A 2 ool >
15est abl i shed /3% " RSkt Srragéfbﬁ#d’%n&étgeﬂiéé?ﬁhe@lﬁj&?Wﬂﬁro@rgﬁﬁﬁi%ﬁna’ cells
of the genus Arabi dopsis, celFs 0 e genus [ponoea; cell's of the genus

Daucus, 5 ang, pgldefedéd hQﬁgQﬁ(‘%R%\@hWrﬁ’én %rﬁ@@ﬁf of ﬁe%i%%r@éni&%ﬁ@f i ncl ude

cul tured Nicotiana tabacim BY-2 cells tured Arabidopsis thaliana cells,
cul tured | pampeaisiahal a8d @8 AfouRtibf IgNﬁdcdﬂ@éfééﬁth@?éfﬁﬁrﬁ i$ekttémepnd Oryza

sativa 20cultured cells. The insect cells may be any cells derived from

i nsects; peafall hetharhosestiaiDNA Pelntarbbe pesharatibn collddaigiovitiedtsy cel |
lines, sf9 and sf21, derived fromovarian cells of Spodoptera litura aff.

var. Spodofieecenventighpleprdeese)dvhitie cBaatinereases theehlmbenef PER: dyclghe host
cells are preferably those derived froma rapidly proliferating

m cr oor ganasthsetectivélyranoplify DiNA fori dete @b bubjs chymicsoorgexianplaebet her eof

i ncl ude yeasts including the genus Saccharomyces such as Saccharomnmyces
cer evildhe, dptesiad, @ndiena the negugtion f priedustion Resigenus Ni coti ana such as
. Nicotiana tabacum and filanentous fungi including the genus Aspergillus
such as ASEQQQ@I | us otyzae.

Accordingly, considering the suitability of a host, the purification
efficiency for a thermostable DNA polymerase, and the like, the present
inventors have verified the distant relationship between organisms, referring

15 to a phylogenetic tree (see Carl R. Woese, "Bacterial Evolution”, Micro. Biol.
.Reviews, 51:221 —271_(1987) and Figure 1), and have focused attention on
eukaryotic cells capable of being utilized as a host. As a result of studying
the production of a thermostable DNA polymerase using eukaryotic cells as a
host, it has been found that the majority of the thermostable DNA polymerase

20 is produced as an insoluble matter in the culture extract precipitate thus
obtained and irreversibly solubilized by subjecting the precipitate and the
supernatant to heat freatment. This heating step can easily recover a
thermostable DNA polymerase which is active and highly purified. In various
studies, it has been found that the thermostable DNA polymerase preparation

25  at least has the feature of causing no DNA amplification when a template is

not added in the genetic width of bacterial 168 rRNA.
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[ 0048] For the production of a thernostable DNA pol ynerase using
~5eukaryotic cells, there is, for exanple, a method conprising introducing a
gene containing at | east one gene encoding the thernostabl e DNA pol ynerase

into eukaryotic cells for expression to produce the thernostabl e DNA

.-pol ynerase. [0049] 10The gene encoding a thernostabl e DNA pol ynerase herein
may be any gene such as cDNA, genom c DNA or synthetic DNA encoding a

t her nost abl e DNA pol ynerase, may be a single strand, or a double strand
having a ¢ mentary strand thereof, and may contain a naturally
occurring tificial nucleotide derivative. In addition, when the 15

t her nost abl e I i ived fr. r gani the origin of the
t hor most abl & DNABaTSRaR Aa L EETechaR PEILETS R  ea. [ 33551

DNA polymsfm] has vari ous congeners depending on the types of organi sns.
20[ 0051] Specific exanples of the thernostable DNA pol ynerase used

for the presentT} i 1 iahl se derived
ThB\ﬂﬁ‘éHﬁd%{Pﬁ]&érDNR?mr%ﬁé hRepR2teR u%e%tr@b%gﬁﬁta

from Therm us aquati cs, er mus phi I'us, Bacill us stearothernophil us,

Ther NMDGEOCCiyel bR AR btatsaratibie EHMERTEYE thOGRAEBIEMINA JSfMerade didr ococcus
woesei, Pyrococcus furiosus, Aeropyrum pem X, Aquifex aeolicus, Sulfolobus

E ﬁkodai i, Fas at RRYsohe f@dtlfe oﬂhel‘fbﬂdvﬁﬁgwqwﬁerﬁ@m@(ﬂ?)iand BPO52] The

er nost abl e DNA pol ynerase enconpasses a thernostabl e pol ymer ase
artificial [0p3dynt hesi zed by genetic engineering. [0053]

(A) A thermostable DNA polymerése preparation satisfying the
following requiremehts (1) and (2):

10 (1) The thermostable DNA polymerase has contamination with 10 fg or
less of bacterially-derived nucileic acid other than the gene encoding the
thermostable DNA polymerase based on 1 unit of the DNA polymerase.

(2) No amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are

15 performed under conditions containing no template, but using primers
capable of amplifying only the bacterially-derived nucleic acid other than the
gene encoding the thermostable DNA polymerase for the preparation.

[0032] |

(B} A thermostable DNA polymerase preparation produced using

20 eukaryotic cells as a host.

[0033]

The contamination with "10 fg-or less" of the bacterially-derived
nucleic acid refers to the case in which the contamination level is determined
to be "0 fg or less" by a detection method in "(6-3) Detection Limit of PCR"

25 in Example 2-1 to be described later.

[0034]
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5The thernostabl e DNA polynerase is also preferably derived from an
~.organi sm having thermal resistance, and nore preferably derived froma
procaryotic organi smsuch as a nethane bacterium a thernoaci dophi Hc
bacterium a thernophilic bacterium or a hyper-thernophilic bacterium
. -[ 0054] 10The t hernostabl e DNA pol ynerase gene of the present invention
preferably has a base sequence using the codon usage frequently used in a
host organismto be transforned. [0055] For exanple, the codon usage in

LE?LS?SFQEQ.Z‘ of O lsﬁa@@ﬂae%%emﬂ%ﬁaxpﬁ8§§ﬁq HE SRR | 41 na |
het %Fﬁétﬁ;eéﬁ@ﬁ’%@a;ﬁﬁ cEFLARG Mgk U&E@Bﬁ@?@eﬁﬁggé@&éﬁ%ﬁsﬁé usage i s
Tor e pr of Poa 9eE0Ht e pfid ABaEiaL ARG pH ANRIE. ' D
pol ymer asegqg a?é nB?bHFt Ly Ihited, t@% I‘é@'bf ffethéd téﬁhﬁ@%hém y

applied to a the co ons 0057] erre ornms o nost abl e

DNA polsy meggegot ¢aRen@itidé e #flloims fidthadyyent i on i ncl ude a t her nost abl e DNA
pol ymerase gene designed by applying the codon usage of Saccharonyces

cerevisiae to tfg Aoarthodeamprisingdfeatingletikanotiedeils havirdesrodaded ther nost abl e .
DNA pol ynerase gene. Anmpng ot hers, a thernostable DNA pol ynerase gene

havi ng t hetheemostabée BN/SEQlyiigrak with aor eraynse Bsingocedf walts/sudh adhese base
sequences is a.preferred aspect.
Zymolyase, cellulase, chitinase, ch:toblase Chitosanase -1,3-glucanase, or
lysozyme;
10 (2) A method comprising using a physical method employing an
ultrasonic wave, French press, or glass beads, a method comprising
rupturing the cell wall or cell membrane by heating, or the like to extract a
composition contained in cells or fﬁngal cells employing a solvent such as
water or a buffer solution to provide an extract; and
15 (3) A method bomprising extracting, outside fungal cells, a
thermostable DNA polymerase produced using a method comprising causing
the extracellular secretory production of the thermostable DNA polymerase
by adding a secretory signal peptide and the like, upstream of the
thermostable DNA polymerase gene to provide an extract.
20 [0035]

For the purpose of the present invention, the "thermostable DNA
polymerase preparation" is a preparation containing a thermostable DNA
polymerase, and can be obtained as the extract itself or through various
treatments such as ;ﬁurification, dilution, and mixing with a different

25  substance or compound. Examples of the preparation can also include the

following:
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5[ 0058] The thernostabl e DNA pol ynerase gene is preferably such that it
~.does not contain a sequence destabilizing nRNA; exanples of the sequence
destabilizing nRNA i nclude a markedly repeati ng sequence and a gene
sequence with a high GC content, of a thernostable DNA pol ynerase gene.
.-10Speci fic nmeasures of renoving the sequence destabilizing nRNA include the
suppression of the appearance of such gene sequence of about 10bp to 2% or

| ess of the gene encodi ng a thernostabl e DNA pol ynerase, and the design of

content of - aboulBbe. S R EEATE B Rkl DA phllera S RSB Ts(Goso)
The th - ' | jer abl
nas at | oadieOEdIha Altief SEIARR @ Ranfe MRROROHZ Bk, bBIEREIERARIAHEL0 Y o

usage of agbastivht 48R ERPACIENHEORKTY, 8 tricine, verdriit eskgpipler eof such

that no sequehce desta g I's ¢ontalned, 2 t'he preferred GC
content thegpsf TAhe T Mop® Mo orties mkd fﬁs aRasgrédfint 'ﬁ%&@g aBgfiereferably 3

of the above features. The codon usage of a host is preferably applied to

t he they nostgigdl. e DNA pol ynmerase gene. Particularly, when yeast of the genus
25 Saccharomyces, especially Saccharonmyces cerevisiae, is used as a host
for transformat {Bjrthetpulymecse assigpcprebeSoiogbties witelMgCy elTHsaer the appl i ed.

[ 0060] In addition, the thernostable DNA pol ynmerase gene,
parti cul arlike inheesclotiong region, is preferably designed so that it has no
unsuitable restriction enzyne site for the purpose of perform ng a gene
cl oni ng step. SHectheisodutions (A) and (B) as they are dried by a method such as
lyophilization.
10 [0036] |
Methods for obtaining the "thermostable DNA polymerase preparation”
from the "extract" may further include purification, dilution, and mixing with a
different substance or compound.
[0037]
15 Examples of the purification method include the following methods:
(1) A method using electric charges in ion-exchange chromatography,
hydroxyapatite chromatography, or the like, for an extract of a culture
medium or the like containing a thermostable DNA polymerase.
(I1) A method using specific affinity such as affinity chromatography
20 and a method using difference in hydrophobicity such as reverse phase
chromatography.
(1) A column chromatography method using a method utilizing
difference in molecular weight such as gel filtration, or the like.
(IV) A method comprising fractionation using ammonium sulfate
25 precipitation, acetone precipitation, PEG precipitation, pH precipitation, or the

like.
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it is preferable that sites such as EcoRl, Hndlll, Notl, and SnaBl are not
contained in the gene. However, in view of gene cloning operation, it is
operationally preferable that a useful restriction enzyne site is provided
outside the coding region. For exanple, the restriction enzyne sites such
as EcoRI, Hndll I, Notl and SnaBl may be provi ded upstream or downstream
of 10t he codi ng region. [0061] Ther nost abl e DNA pol ynerase gene

honol ogs i nclude, for exanple, a DNA pol ynerase gene honol og capabl e of

hybridi zing with anpy teeDNAundrstrlnent itions. That is, it
2P h DA pol y oA Terdiad 1HTGAANG Bdpais 4G SRGRARY RETOREIOT IR whol e or
part of anykof these DNA or a conplenentary strand thereof under stringent
condi ti ons™&uch honol ogs si nul t aneously encode proteins having a DNA

pol yrer ase[%ﬁ vity. [0062] The thernostabl e DNA pol ynerase gene honol og
capabl e of glbri di zati on under stringent conditions enconpasses DNA

e o Y P T b8 itRodihnag ocASedl B 205 ENABh RIS IndeB ks one o

nore of arbitrar or - nor e- base, prefe e, nore préferably
30-or-nore ﬁ.@ﬁt, m uence are
sel ect ?& ?ﬁéé‘e ybri d&'!;’g%’rﬂ;%n tec ﬁ%é&@eﬁ‘%?rsggr!ﬁbgﬁi Fa@ﬁﬁﬁé?&%l ecul ar
Bi ol ogy edbéntaﬁé‘éﬂﬁ%e %ﬁﬁ"éctair red(1d&@8r erfigl LERtamifdtihg/Brateif, AAEI8icSect oi n

6.3-6.4) or the like well known to those skilled in the art. [0063]
Here, the stidigngethe Ilkelwrhedlﬁ%nﬁfr% lmodtybri di zati on tenperature of 37C and

t he presence of 50% formam de; the nore stringent conditions include a
t enper at ur @030] about 42C. The still nore stringent conditions can be about
5 65C and the presence of 50% formam de. [0064]
Examples of the dilution method include a method which comprises
10 adding, to the extract, a solvent for mixing with the extract, such as water.or
the buffer solution.
[0040]
For the method of mixing with a different substance or compound, the
mixed substance or compound is not particularly limited; however, examples
15 thereof include one or two or more selected from the group consisting of
potassium chloride, potassium acetate, potassium sulfate, ammonium
sulfate, ammonium chloride, ammonium acetate, magnesium chloride,
magnesium acetate, magnesium sulfate, manganese chloride, manganese
acetate, manganese sulfate, sodium chloride, sodium acetate, lithium
20 chloride, lithium acetate, calcium chloride, B-mercaptoethanol, dithiothreitol,
DMSO, glycerol, forrhamide, tetramethylammonium chloride, PEG, Tween
20, Tween 80, Triton X 100, NP40, DNA, RNA, proteins (enzymes,
antibodies, BSA, etc.), dATP, dGTP, dCTP, dTTP, dUTP, dNTPs, SYBR

Green, evergreen, SYTO9, and wax.

25  [0041]
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The percentage of nmutations in the am no acid sequence is not limted
_provided that the function of the original protein is maintained; however,
it is preferably within 70% nore preferably within 30% still nore
preferably 10 within 20% based on the total of the am no acids. [0065]
.-The thernostabl e DNA pol ynerase gene honolog is preferably DNA containing
or consisting of a base sequence having at | east 80% preferably 90% or
more honol ogy to the coding region of the base sequence of the 15 original

DNA. The honol ogy qf the base sequence of can be determ ned using the
gene anal ysi s p%ﬁ&r H?ﬁFEPRg cgqacf &' |rFigss 19 gaggtera or angigpt Fﬁ%tfaﬁ‘ﬁstabl e DNA

R e e
oL oo, R4S 568 PR She it i 850 B0 o5 b oW oocl) = 7
The am no gel Bgﬁgrﬁp‘éﬁtimgié h@érﬁ&lﬁ@limeﬁgj’r&'ﬂﬁ dﬁ‘(n)’ért tgéﬁﬁlﬂﬂﬁﬁihy

25i nt roduci ng Ion, de I on, sertron an I on mut ations
into ang ampmwapsidqsitence to be nodified using a site-directed nutation

i ntroduction nmethod (Current Protocols | Ml ecular Biology edit. Ausubel et
al ., (1987)odagyl i sh. John Wly & Sons Sectoin 8.1-8.5) or the like. The
nodi fied am no acid sequence is not limted to that obtained by artificial

i ntroduction of Thet"aypemthermsptilit Batieriadrefes ooewzctszassascietat gener at ed
not only based on artificial nutation treatnment but also by am no acid

mut at i on i batteea{atanaebat@féBhaving an dptimngll growtt tenperehee i 80aGIcr  DNA
pol ymer ase gene capabl e of being suitably used for the present invention
can i ncl udenage e yiakde at 897G gr ofore.hdhedvipastherewmpphilcgsactera whélht eah by SEQ | D
MO 0 B8 applisd o the present Inventon are ot pariculary imited provided that.
they fall within the above definition. Currently, 100 types or more of
thermophilic and hyper-thermophilic bacteria are isolated and identified, and
these may be each applied to the present invention. Examples of such
thermophilic or hyper-thermophilic bacteria can include 'thermophilic or hyper-
15 thermophilic bacteria belonging to the genera Thermus, Bacillus,
Thermococcus, Pyrococcus, Aeropyrum, Aquifex, Sulfolobus, Pyrolobus, or
Methanopyrus.
[0043]
More specific examples thereof include Thermus aquatics, Thermus
20 thermophilus, Bacillus stearothermophilus, Aquifex pyrophilus,
Geothermobacterium ferrireducens, Thermotoga maritime, Thermotoga
neopolitana, Thermotoga petrophifa, Thermotoga naphthophifa, Acidianus
infernus, Aeropyrum pernix, Archaeoglobus fulgidus, Archaeoglobus
profundus, Caldivirga maquilingensis, Desulfurococcus amylolyticus,
25  Desulfurococcus mobilis, Desulfurococcus mucosus, Ferroglobus placidus,

Geoglobus ahangari, Hyperthermus butylicus, Ignicoccus islandicus,
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SEQ ID NO 1 aagcttacgt atacaacatg agaggtatgc ttccattgtt cgaacctaaa
ggtagagtat60 tgttggttga tggtcatcat ctagcttaca gaactttcca cgctctaaaa

" ggtttaacaal20 15cat caagagg tgaacctgtt caagctgtat acggttttgc taagtcttta
ctaaaagcat 180 t gaaggaaga cggtgacgcc gttattgttg ttttcgatgc taaggcacca
cagttttagac240 atgaagcata cggtggttat aaggctggaa gagcaccaac tcctgaagac
ttccctagac300 aattggcact aatcaaggaa ctagtcgact tactaggtct tgcaagatta
gaagt cccag360 gttatgaggc agatgatgta ctagcctctt tagcaaagaa ggcagaaaag
gagggt t at g420 20aagé%%gaat tttaaccgct gataaggact tatatcaatt gctatctgat

et {05320, oocoantecs oLogiacual ot aasgott 1 aoscancon oot eaaas
aat ctt ccag%hgg%@gﬁéw’% 8@%%%8’3’5’&! é{%&?ﬁf? ¥s ég{é@@’&gt a9
AP act aget o VRnSRdRe S fer R PRl AR KOs 08 agaact gat
{1 Ot goaaalitpOt e PR ee R SRR R PR A AR P RRPRRE .,

a899¢C13 99 B AAHAPPY ARG APEGEAEhsE PHBBOES fifibbis! Bfcsdcs9 ©1 1 &

agcaggdaag

abyssi, Pyrococcus horikoshii, Pyrococcus woesei, Pyrodictium abyssi,
Pyrodictium brockii, Pyrodictium occultum, Pyrolobus fumari, |
Staphylothermus marinus, Stelteria hydrogenophila, Sulfolobus solfataricus,
Sulfolobus shibatae, Sulffolobus tokodaii, Sulfophobococcus zilligii,

10  Sulfurisphaera ohwakuensis, Thermococcus kodakaraensis, Thermococcus
celer, Thermococcus fitoralis, Thermodiscus maritimus, Thermofilum

. pendens, Thermoproteus tenax, Thermoproteus neutrophilus,

Thermosphaera aggregans, Vulcanisaeta distributa, and Vulcanisaeta
souniana.

15  [0044]

The production method for a thermostable DNA polymerase
preparation according to the present invention comprises producing a
thermostable DNA polymerase using host cells, wherein eukaryotic cells are
used as the host cells. |

20  [0045]

Eukaryotic cells include fungi, animal cells, plant cells, and insect
cells. The host cells may be any cells derived from eukaryotic cells and are
not particularly limited. Fungi include ascomycetes such as yeast and mold,
filamentous fungi, bésidiomycetes, and zygomycetes; among others, yeast

25 and filamentous fungi are preferable; and examples thereof include the

genera Saccharomyces, Schizosaccharomyces, Candida, Pichia, Hansenula,
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aaccaatgtg ggcagactta ttggctctag ctgctgccag aggaggaaga gtgcat agagl020
_.cccagaacc atataaagcc ttgagagact tgaaggaagc aagaggtttg ttagctaaaglO80

Satttgagcgt attagccttg agggaaggtt taggactacc accaggtgac gacccaatgt 1140
tgcttgctta tttgcttgat ccatcaaaca caacacctga aggagtagct agaaggtat gl200
. gt ggagaat g gact gaagag gctggagaga gagccgctct atctgagaga ttgtttgctal260
atttgtgggg tagacttgaa ggtgaggaaa gattgttgtg gctatacagg gaagt agaaal320
ggccattatc tgcagtattg gctcatatgg aggccacagg cgttagatta gatgttgctt 1380

10actt tttgtcatt t tt ctt t t gt 1440
cagact t g NAYPEIT R L0 BRaTET FEOBY Bt A B e A0 SHpatD g S SRR 8500
t t At . t . t ggt tct 1560
ot decgocgt APRiR, ERsdrgR, AdTRCRRREREST Dot Ganang aiattgengt 1620
at agagaat t aaatta aaatcaactt atatcgatcc acttccagac ttaatccatcl680
150aaggacabg cagattacac accaggttta accagaccgc aactgctaca ggcagattat 1740

catcttcaga tcct garbiBeEARAGRIICS HRGALBARCLAE XHRATIoMpgRgaat t a1800
gaagagcttt tatcgctgag gaaggctggt tgcttgtggc tttagattat agtcaaattgl860

e e e e e
20at ccact agichgRgRgngea, Bwtiaanglsial PrRafd pagenadriohiarima8! at gagt g2040

Hansenula poiymof,dha, Kluyveromyces lactis, Zygosaccharomyces rouxii,
Yarrowia lipolytica, Trichosporon pullulans, Rhodosporidium toruloides,
Aspergiilué niger, Aspergillus nidulans, Aspergillus awamori, Aspergillus

10 oryzae, and Trichoderma reesei.
[004?]

Animal cells include human-derived cultured cells and mouse-derived

cultured cells; specific examples thereof include CHO cells and Hela cells.
The plant cells may be any cells derived from plants; preferred are

15 established cultured cells, including cells of the genus Nicotiana, cells of the
genus Arabidopsis, r,;ells of the genus Ipomoea, cells of the genus Daucus,
and cells of the genus Oryza; and specific examples thereof include cultured
Nicotiana tabacum BY-2 celis, cultured Arabidopsis thaliana cells, cultured
ipomoea batatas cells, cultured Daucus carota cells, and Oryza sativa

20 cultured cells. The insect cells may be any cells derived from insects;
preferred are established cultured cells, including the cell lines, sf9 and sf21,
derived from ovarian cells of Spodoptera litura aff. var. Spodoptera frugiperda
and the Bombix mori cell line, Bm-N. The host cells are preferably those
derived from a rapidly proliferating microorganism or eukaryotic organism

25  such as yeast; exambles thereof include yeasts including the genus

Saccharomyces such as Saccharomyces cerevisae, plant cells including a
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ctcacagatt atcccaagag ttggccatcc cttacgagga agcacaggct tttatagaaa2100
~gotatttcca gtcttttcct aaggttagag catggattga aaagacacta gaggaaggta2l60
ggaggagggg ttacgtggag accttattcg gaagaaggag atacgttcca gacttagagg2220
ctagagt gaa atcagttaga gaagccgcag agagaatggc attcaatatg ccagtacaag2280
25gcact gccgc agatttgatg aaactagcca tggttaagct atttccaaga ttggaagaaa2340
t gggagctag aatgctatta caagttcatg atgaacttgt tttagaggct cctaaagaaa2400
gggct gaagc agtggccagg ttagctaaag aagtaatgga gggcgtttac ccattggcag2460

o522 5 ROt B K eataalone SyR B8 Nigaiana Tokedit: ot g dddanc
1 agaccar oL PUERR i OB AREaRRR ED ACABRAIEHERR "G {S20aa
taacggggga[m@gcat ggal80 aagattgtga gaattgttga tgtagagaag gttgagaaaa
agtttctcgg caagcctatt240 1l0accgtgtgga aactttattt ggaacatccc caagatgttc

Croceetiod doeeteplARERIEE e CAATII USRS Lne. oc0ol
agct aaagat e@ﬁérﬁ/g_ﬁ@béltfs?f%ﬁ’ere is, for example, a method comprising introducing a
gene containing at least one gene encoding the thermostable DNA
polymerase into eukaryotic cells for expression to produce the thermostable
DNA polymerase.
[0049]

10 The gene encoding a thermostable DNA polymerase herein may be
any gene such as cDNA, genomic DNA or synthetic DNA encoding a
thermostable DNA polymerase, rhay be a single strand, or a double strand
having a complementary strand thereof, and may contain a naturally
occurring or artificial nucleotide derivative. In addition, when the

15 thermostable DNA polymerase is derived from an organism, the origin of the
thermostable DNA polymerase is also not particularly limited.

[0050]

DNA polymerase has various congeners depending on the types of
organisms.

20 [0051]

Specific examples of the thermostable DNA polymerase used for the
present invention can include a thermostable DNA polymerase derived from
Thermus aquatics, Thermus thermophilus, Bacilius stearothermophilus,
Thermococcus gorgonarius, Thermococcus kodakaraensis KOD1,

25  Pyrococcus woesei, Pyrococcus furiosus, Aeropyrum pernix, Aquifex

aeolicus, Sulfolobus tokodaii, Pyrolobus fumarni, or Methanopyrus kandleri.
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gat at agaaa ccctctatca cgaaggagaa gagtttggaa aaggcccaat tataatgatt480
_agttatgcag atgaaaatga agcaaaggtg attacttgga aaaacataga tcttccatac540
15gttgaggttg tat caagcga gagagagat g at aaagagat ttctcaggat tatcagggag600
aaggatcctg acattatagt tacttataat ggagactcat tcgacttccc atatttagcg660
. .-aaaagggcag aaaaacttgg gattaaatta accattggaa gagatggaag cgagcccaag720
at gcagagaa t aggcgat at gacggct gt a gaagt caagg gaagaataca tttcgacttg780
tat cat gt aa taacaaggac aataaatctc ccaacataca cactagaggc tgtatat gaa840
209caatttthgggfaagccaaa ggagaaggt a tacgccgacg agat agcaaa agcct gggaa900
agt ggagaga t gagag agttgccaaa tactcgatgg aagat gcaaa ggcaacttat 960

gaact cggga aag tgct tc t attcagcttt caagattagt, tggagaacct 1020
Ptat gooarg ¢t oLanemedAleIiis Rlittie araiitteee prnaltodahiaatos0
gcct acgaaa . 1 caaagaaggl140
250tcagggaggﬁgﬁﬁgﬁggéﬁggﬁﬁégﬁ?%gPﬁggéggjgé%ggﬁggggﬁgggyp'gtgggaaaachOO
atagtatacc[ ttttag agccctatat ccctcgatta taattaccca caatgtttct 1260
cccgatactc taaatcttga gggatgcaag aactatgata tcgctcctca agtaggccacl320

R L T R
organism having thermal resistance, and more preferably derived from a
procaryotic organism such as a methane bacterium, a thermoacidophitic
baéterium, a therhophilic bacterium, or a hyper-thermophilic bacterium.
[0054]

10 The thermostable DNA polymerase gene of the present invention
preferably has a base sequence using the codon usage frequently used in a
host organism to be transformed.

[0055]
For example, .the codon usage in introducing a thermostable DNA

15 polymerase gene into Saccharomyces cerevisiae is given in the following.
[0056] |

When the original thermostable DNA ponrherase gene is modified
based on the codon usage of a heterogeneous organism such as the genus
Saccharomyces, the codon usage is preferably applied to 70% or more, more

20 preferably 80% or more, still more preferably 90% or more of the base
sequence of the thermostable DNA polymerase gene of natural origin; the
codon usage is most preferably applied to all of the codons.

[0057] |
Preferred forms of the thermostable DNA polymerase gene of the
25  present invention include a thermostable DNA polymerase gene designed by

applying the codon usage of Saccharomyces cerevisiae to the base
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gact at agac aaaaagcgat aaaactctta gcaaattctt tctacggata ttatggctat1500
S5gcaaaagcaa gatggtactg taaggagtgt gctgagagcg ttactgcctg gggaagaaagl560
tacat cgagt tagtatggaa ggagctcgaa gaaaagtttg gatttaaagt cctctacatt 1620
gacactgatg gtctctatgc aactatccca ggaggagaaa gtgaggaaat aaagaaaaagl680
gctctagaat ttgtaaaata cataaattca aagctccctg gactgctaga gcttgaatat 1740
gaagggtttt ataagagggg attcttcgtt acgaagaaga ggtatgcagt aatagat gaal800
l0gaaggaaaag tcattactcg tggtttagag at agtt agga gagattggag t gaaatt gcal860

aaagaaact c aagCt aga t ttt aca at act aaaac acgg aagaagct 1920
gt gagaat ag 5?9&%’5& Hﬁ’f ﬁ’é@f’@t@%{é@&%‘?"ﬁ@%ﬁﬁ%ﬁ Z@&é@?@ag 1980

ot agct ot £ gSEEa A ; ofGE G aHRoGisiR PAACRO it dote AATiGgH AR t 2100
tacoa ?;E%ta?%at e g B iRe g0 & gaReiafie B8 o6y 8 Ca%t : C%ﬁ%&@?ﬁ&%&i‘%‘%“

gcggt aCtta tugég% gggatttgga tacagaaagg aagacctcag at accaaaag2280
acaagacaag tcggcct aa ‘cctggctt aacattaaaa aatcCtag2328 20 SEQ I D NO 82
atgat cgf cgr agacta cat aactgag gat ggaaagc ccgtcatcag gatcttcaag60
aaggagaacg gcgagttcaa aatagactac gacagaaact ttgagccata catctacgcgl20

The thermostable DNA polymerase gene is preferably such that it
does not contain a sequence destabilizing mMRNA; examples of the sequence
destabilizing mRNA include a markedly repeating sequence and a gene
sequence with a high GC content, of a thermostable DNA polymerase gene.

10  Specific measures of removing the sequence destabilizing mRNA include the
suppression of the appearance of such gene sequence of about 10bp to 2%
or less of thé gene encoding a thermostable DNA polymerase, and the
design of the thermostable DNA polymerase gene such that the whole gene
has a GC content of about 20% to about 45% (both inclusive), and the like.

15 [0059]

The thermostable DNA polymerase gene of the present invention
preferably has at ieast one of the following features:

- the application of the codon usage of a host organism for introduction,
- the design thereof such that no sequence destablizing mRNA is contained,

20 and
- the preferred GC content thereof.

The gene, more preferably, has 2 or more, most preferably 3 of the
above features. The codon usage of a host is preferably applied to the
thermostable DNA polymerase gene. Particularly, when yeast of the genus

25  Saccharomyces, especially Saccharomyces cerevisiae, is used as a host for

transformation, the codon usage of Saccharomyces cerevisiae is applied.
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ctcttgaagg acgactctgc gattgaggac gtcaagaaga taactgccga gaggcacggcl80
actaccgtta gggttgtcag ggccgagaaa gt gaagaaga agttcctagg caggccgat a240
25gaggt ct gga agctctactt cactcacccc caggacnnnc ccgcaatcag ggacaagat a300
aaggagcatc ctgccgttgt ggacatctac gagtacgaca tccccttcgc gaagcgctac360
ctcat agaca aaggcttaat cccgatggag ggcgacgagg aacttaagat gctcgccttc420
gacat cgaga cgctctatca cgagggcgag gagttcgccg aagggcctat cctgat gat a480
agct acgccg acgaggaagg ggcgcgcgtt attacctgga agaatatcga ccttccctat 540
gt cgacgtcg tttccaccga gaaggagatg ataaagcgct tcctcaaggt cgtcaaggaa600
5aaggat cccPU¥OYt cct cat aacct acaac ggcgacaact tcgacttcge ctacctcaag660

at ccagcaca t gooltaRdgoRthe degmast e e VAR iRsas e apatich et ibe 760
gocat oit  goRHRasRdb RIS alragY cesiege t&@@ 8 e i oh ik Esliddo00
gaact coaasdagis elefer BedthPasiey %ﬁéﬁﬁ (S5 ArE Tl B E0EE 020
Y90 0 b 8BS RSP AR s iR 0100
contained in the gene. However, in view of gene cloning operation, it is
operationally prefera-bie that a useful restriction enzyme site is provided
outside the coding region. For example, the restriction enzyme sites such as
EcoRI, Hindlll, Notl and SnaBl may be provided upstream or downstream of
10 the coding region.
[0061]
Thermostable DNA polymerase gene homologs include, for example,
a DNA polymerase gene homolog capable of hybridizing with any of these
DNA under stringent conditions. That is, itis a DNA polymerasé gene
15 homolog capable of hybridizing with the whole or part of any of these DNA or
a complementary strénd thereof under stringent conditions. Such homologs
simultaneously encode proteins having a DNA polymerase activity.
[0062]
The thermostable DNA polymerase gene homolog capable of
20 hybridization under stringent conditions encompasses DNA capable of
hybridization using, as a probe DNA(s), DNA(s) in which one or more of
arbitrary 20-or-more-base, preferably 25-base, more preferably 30-or-more-
base continuous sequences of the original base sequence are selected, by a |
hybridization technique {Current Protocols | Molecular Biology edit. Ausubel
25 etal, (1987) PublisH. John Wily & Sons Sectoin 6.3-6.4) or the like well

known to those skilled in the art.
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agggagagct acgcgggtgg atacgt caag gagcccgaaa ggggactgtg ggagaacat c1200
~A5¢gtgtatctgg acttccgetc cctgtatcct tcgataataa tcacccataa cgtctcccct 1260
gat acact ca acagggaggg ttgtgaggag tacgacgtgg ctcctcaggt aggccataagl320
ttctgcaagg acttccccgg cttcatccca agcctcctcg gagacctctt ggaggagagal380
..cagaaggt aa agaagaagat gaaggccact atagacccaa tcgagaagaa actcctcgat 1440
t acaggcaac gagcaat caa aatccttgct aatagcttct acggttacta cggctatgcal500
20aaggcccgct ggt actgcaa ggagtgcgcc gagagcgtta ccgcttgggg caggcagt acl560
at cgagacca_cgat aaggga aat agaggag aaatttggct ttaaagtcct ctacgcggacl620
acagatggatﬁxﬁkﬂcgcaac aat acct gga gcggacgccg aaaccgtcaa aaagaaggcal6c80

aaggagttcc tggactacal caacgccaaa Gtgcccggce tgctcgaact cgaat acgagl740
ggcttctaca agcgE'&{)%ttE“e@W geqdigg ﬁﬁ?aﬁgfb’bﬁgG@B@'ﬂ t%ﬂ%{%&&sﬁgﬁgésoo

g20ac geaqq B0 dm O SR 0L B Bol S5 40g Cr JaUg R S HisAajog0Na 520

ot cai ctacoSRagaaat BRRRARLE: IndSHT AR Ash AR chRAfE SR ER 00

Pacat cat oc0F caangir Erodiaagt B BuftRi%s dUatacctt toacgaat it 2160
[0064] .

The percentage of mutations in the amino acid sequence is not limited
provided that the function of the original protein is maintained; however, it is
preferably within 70%, more preferably within 30%, still more preferably

10 within 20% based on the total of the amino acids.
[0065]

The thermostable DNA polymerase gene homolog is preferably DNA
containing or consisting of a base sequence having at least 80%, preferably
90% or more homology to the coding region of the base sequence of the

15 original DNA. The homology of the base sequence of DNA can be
determined using the gene analysis program BLAST or thé like.
[0068]
The thermostable DNA polymerase gene can be synthesized
chemically or by adopting a method of Fujimoto et al. known as a method for
20 synthesizing long-chain DNA (Hideya Fujimoto, Production method of
synthetic gene; Plant Cell Biology series 7; PCR experimental protocol for
plant; 1997; Shujunsha; p95-100).
[0067]
The amino acid sequence modification can be carried out by properly

25 introducing substitution, deletion, insertion and /or addition mutations into an

amino acid sequence to be modified using a site-directed mutation
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5gacccggcaa agcacaagta cgatgcagaa tactacatcg agaaccaggt tcttccagct2220
_.gtggagagga ttctgagggc ctttggttac cgtaaagaag atttaaggta tcagaaaacg2280
cggcaggttg gcttgggggc gtggct aaaa cctaagacat ga2322 AVI WFDAKA VLASLAKKAE
DYRALTGDES 15 LSWDLAKVRT PPEGAFVGFV LREGLG.PPG EGEERLLW.Y PFNLNSRDQL 20
.LKSTYI DPLP EEGALLVALD AAKTI NFGVL ETLFGRRRYV LQVHDELVLE PSFRHEAYGG

KEGYEVRI LT DNLPGVKG G DLPLEVDFAK LSRKEPMAAD DDPMLLAYLL REVERPLSAV
ERVLFDELGL DLI HPRTGRL YSQ ELRVLA YGVSAHRLSQ PDLEARVKSV APKERAEAVA

YKAGRAPTPE, ADKDLYQLLS EKTARKLLEE. RREPDRERLR LI ALAAARGG DPSNTTPEGY
LAHNEATG/R’W%BK‘T‘%ZT@“F%@W&D FHE@G@E@PE%L% %@@H N
RLAKEVMEGV P DFP | | HYLHPE | L KN, AFLERLEFGS
RVHRAPEPYK?%Q&%%%E&@%'rbVRE%ﬁQESEégE$ Eﬁ%ggfégéﬂbﬁw$ﬁ | HT
ARl ERYFQEF MaNET 4o 2t S¥ELENE is not limited to that obtained by artificial
introduction of mutation or synthesis, and also encompasses that generated

5 not only based on artificial mutation treatment but also by amino acid

10 base sequences represented by SEQ ID NOS: 1, 81 and 82 (corresponding
amino acid sequences are shown below).
SEQ ID NO: 1
aagcttacgt atacaacatg agaggtatge ttccattgtt cgaacctaaa ggtagagtat 60
tgttggttga tggtcatcat ctagcttaca gaactttcca cgctctaaaa ggtttaacaa 120
15 catcaagagg tgaacctgtt caagctgtat acggttttge taagtcttta ctaaaageat 180
tgaaggaaga cggtgacgcc gttattgttg ttttegatge taaggcacca agttttagac 240
atgaagcata cggtggttat aaggctggaa gagcaccaac teoctgaagac ttecctagac 300
aattggcact aatcaaggaa ctagtcgact tactaggtct tgcaagatta gaagtcccag 360
gttatgaggc agatgatgta ctagcctett tagcaaagaa ggcagaaaag gagggttatg 420
20 aagttagaat tttaaccget gataaggact tatatcaatt gctatctgat aggattcatg 480
tattacaccc tgaaggttat ttgataactc cagecttoggtt atgggagaag tacggtttga 540
ggccagacca atgggccgaﬁ tatagagctt taaccggcga cgagtcagac aatcttccag 600
gtgttaaagg aattggcogaa aagactgcta ggaaottgtt ggaagagtgg ggctccttgg 660
aggccttact taaaaatttg gacaggctaa aaccagcaat cagggaaaag atactagcectce 720
25 acatggatga tcttaaattyg tcttgggact tagccaaggt cagaactgat ttgectttag 780
aggtcgactt cgctaagaga agggaacctg atagggaaag gttaagagcc ttcttggaaa 840

mutation in the nature.

[0068]

Examples of the thermostable DNA polymerase gene capable of being

suitably used for the present invention can include genes consisting of the
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VQAVYGFAKS ELVDLLGLAR YLI TPAWE LDRLKPAI RE LLHEFGLLES ALRDLKEARG
 EAGERAALSE LEVAEEI ARL ALREAHPI VE LONI PVRTPL ETASWWFGVP PKVRAW EKT
MKLAMVKLFP VG GEDW.SA LLKALKEDGD LEVPGYEADD KYGLRPDQWA Kl LAHVDDLK
PKALEEAPWP LLAKDLSVLA RLFANLWGRL EAEVFRLAGH KI LQYRELTK GQRI RRAFI A
. .REAVDPLMRR LEE GRRRGYV RLEEMGARML KE 25 KIVRI VDVEK 5 LI DKGLI PNE
VEWSSEREM MQRI GDMTAV SGENLERVAK AYE RNEVAPN 10 PDTLNLEGCK DYRQKAI KLL
DTDGLYATI P EGKVI TRGLE LAl YEQ TRP 15 YDPKKHKYDA VEKKFLGKPI GEEELKI LAF
| KRFLRI | RE EVKGRI HFDL YSVEDAKATY KPSEEEYQRR NYDI APQVGH ANSFYGYYGY
GGESEEI KKK T VRESWBEP I SR KAP EPRPEEY YIS tPag"“?WE*YLEﬁSCHQETLYﬁEE;E

KDPDI | VTYN_ YHVI TRTI NL ELGKEFLPVE LRE V_KFCK AKARWYCK
ALEFVKYI NS*RETTRRVCEY VA ﬁfﬁ%&%gtﬂvi”%ﬁ%!:ﬁe‘“ﬁ%ﬁ? \?Fcf‘/?\g"’dﬁi’/PTl F%Ei’«/

AESVTANGRK" R PP ELEY T KACOORER CURT R * %%%Es?ﬁ@ SHhopaRrEe
LSRG KA 0 R USRS
5 atttgagcgt attagccttyg agggaaggtt taggactacc accaggtgac gacccaatgt 1140
tgcttgctta tttgcttga£ ccatcaaaca caacacctga aggagtagct agdaggtatg 1200
gtggagaatg gactgaagag gctggagaga gagecgctct atctgagaga ttgtttgcta 1260
atttgtgggg tagacttgaa ggtgaggaaa gattgttgtyg gctatacagg gaagtagaaa 1320
ggccattatc tgcagtattg gctcatatgg aggccacagg cgttagatta gatgttgctt 1380
10 acttaagagc tttotcattg gaagtcgccg aagaaattgce aagacttgaa gctgaggtgt 1440
tcagacttgc cggtcatcca ttcaatctta atagtagaga ccagctagaa agagtgttat 1500
tcgacgagct tggattacca gcaatcgogaa agacagaaaa gactggtaaa aggtctacaa 1560
gtgccgeegt tttggaagca ttgagaggagg cccatccaat tgttgaaaag atattgcecagt 1620
atagagaatt gacaaaatta aaatcaéctt atatcgatcec acttccagac ttaatccatce 1680
15 caaggacagg cagattacac accaggttta accagaccgc aactgctaca ggcagattat 1740
catcttcaga tcctaactta caaaacatte ctgtaaggac teccactaggt cagagaatta 1800
gaagagcttt tategctgag gaaggctggt tocttogtgge tttagattat agtcaaattg 1860
agttaaggagt cttggctcac ttgtctggtg acgaaaatct tatcagagtt tttcaggaag 1920
gtagggatat acatacagag accgcctcat ggatgtttgg tgttccaagg gaggccgtcg 1980
20 atccactaat gaggagagca gccaaaacta ttaactttgg agtattgtat ggtatgagtg 2040
ctecacagatt atcccaagag ttggccatcc cttacgagga agcacaggct tttatagaaa 2100
aggtatttcca gtcttttcct aaggttagag catggattga aaagacacta gaggaaggta 2160
ggaggagggg ttacgtggag accttattcg gaagaaggag atacgttcca gacttagagg 2220
ctagagtgaa atcagttag% gaagccgcag agagaatgge attcaatatg ccagtacaag 2280
25 gcactgccge agatttgatg aaactageca tggttaaget atttccaaga ttggaagaaa 2340
tgggagctag aatgctatta caagttcatg atgaacttgt tttagaggct cctaaagaaa 2400
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VKKI TGERHG EYDI PFAKRY | TWKNI DLPY Tl GRDGSEPK YADEI AKAWE NLVEWFLLRK
_.PSITITHNVS TQDPI EKI LL EKFGFKVLYl TKKRYAVI DE LANYEI PPEK | SNRAI LAEE NI KKS

Am no aci d sequence corresponding to the gene consisting of a base sequence
of SEQ ID NO 82 M LDTDYI TE DGKPVI RI FK KENGEFKI DY DRNFEPYI YA LLKDDSAI ED

. -VKKI TAERHG 20 TTVRWRAEK VKKKFLGRPI EVWKLYFTHP QDVPAI RDKI KEHPAWWDI Y

EYDI PFAKRY LI DKGLI PME GDEELKMLAF DI ETLYHEGE EFAEGPI LM SYADEEGARV

| TWKNI DLPY VDWSTEKEM | KRFLKVWKE KDPDVLI TYN GDNFDFAYLK KRSEKL GVKF

| LGREGSEPK | EVKGRI HEDL YPVI RRTI N PTYTL Al F
VAEET ARV S B AT 0 S oA oL TP U S R S PP SROEer
NLVEWFLLRK, P LDERSLYP
SI I | THNVSP %‘%ﬁﬁé %{/5&8555 %‘A&E&%E&@% SLE‘gag{igE aaﬁK%?

| DPI EKKLLD; ¢ YRQRAI Kl LA NSFYGYYGYA - KARWYCKECA ESVTAWGRQY | ETTI RELEE
KFGFKVLYAD5 4 0 TDGFFATI PG ADAETVKKKA KEFLDYI NAK LPGLLELEYE GFYKRGFFVT
KKKYAVI DEE6OO0 DKI TTRG.EI VRRDWSEI AR ETQARVLEAI LKHGDVEEAV RI VKEVTEKL
SKYEVPPEKLG6 6 0 VI YEQ TRDL KDYKATGPKV AVAKRLAARG | KI RPGTVI S Yl VLKGSGRI

GDRAZPHDEFSEQ iPRAEKHGYDAE YY1 ENQVLPA VERI LRAFGY RKEDLRY(KT RQVGLGAWLK
PKT773
atgattttag atgtggatta cataactgaa gaaggaaaac ctgttattag gctattcaaa 60
aaagagaacyg gaaaattta& gatagagcat gatagaactt ttagaccata catttacgct 120
cttctecaggg atgattcaaa gattg;agaa gttaagaaaa taacggggga aaggcatgga 180
aagattgtga gaattgttga tgtagagaag gttgagaaaa agtttctcgg caagcctatt 240
10 accgtgtgga aactttattt ggaacatcce caagatgttc ccactattag agaaaaagtt 300
agagaacatc cagcagttgt ggacatcttc gaatacgata ttccatﬁtgc aaagagatac 360
ctcatcgaca aaggectaat accaatggag ggggaagaag agctaaagat tcttgectte 420
gatatagaaa ccctctatca cgaaggagaa gagtttggaa aaggcccaat tataatgatt 480
agttatgcag atgaaaatga agcaaaggtg attacttgga aaaacataga tcttccatac 540
15 gttgaggttg tatcaagcga gagagagatyg ataaagagat ttctcaggat tatcagggag 600
aaggatcctg acattatagt tacttataat ggagactcat tcgacttccc atatttageg 660
aaaagggcag aaaaacttgg gattaaatta accattggaa gagatggaag cgagcccaadg 720
atgcagagaa taggcgatat gacgactgta gaagtcaagg gaagaataca tttcgacttg 780
tatcatgtaa taacaaggac aataaatctc ccaacataca cactagaggc tgtatatgaa 840
20 gcaattttty gaaagccaaa ggagaaggta tacgccgacyg agatagcaaa agoctgggaa 900
agtggagaga accttgagag agttgccaaa tactcgatag aagatgcaaa ggcaacttat 960
gaactcggga aagaattoct tccaatggaa attcagcttt caagattagt tggacaacct 1020
ttatgggatg tttcaaggtc aagcacaggyg aaccttgtag agtggttctt acttaggaaa 1080
gcctacgaaa gaaacgaagt agctccaaac aagccaagtyg aagaggagta tcaaagaagyg 1140
25 ctcagggaga gctacacagé tggattcgtt aaagagccag aaaaggggtt gtgggaaaac 1200
atagtatacc tagattttag agccctatat ccctcgatta taattaccca caatgtttcet 1260
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A DNA construct for introducing the above thernostabl e DNA pol ynerase gene
into a host will be described. Host cells can be transfornmed with the

" thernostabl e DNA pol ynerase gene of the present 10i nvention to express the
protein encoded by this DNA to produce the DNA pol ynerase in the host cells
.-by the DNA pol ynerase activity thereof [0069] In the transformation,
a DNA construct enabling the expression of the DNA segnent consi sting of
the thernostabl e DNA pol ynmerase gene in host 15cells is used. The aspect of

the DNA copsbielc £ Qacld gl Q) ot 2t o HQL deb b, Limted, a plasmd
(DNA), a bac%erl ophagaé tmgwtg%gtrotrgnsp%%g% ( DNA ,abéc/)crc an alrt?fl c¢i al

chr onosoneadgt f Abca BEfMacaBAC todiEtat8l Gadgt B BRgSBLECLEAaREa adopted
depending on the introduction form (extra-chronosomal or intra-chronosonal)
of the forgjaginag@necanskabiQatdiperadfactlRq2hastadaedd Satadbdss t hRaONA
construct can be provided with constituent segnents of any one or nore of
t hese aspegicsatabad/ eglaof@at Raddeetdth QradadtitherdchaganstabetbNA pebyner ase
gene. [0070] Preferred prokaryotic vectors, eukaryotic vectors,
ani mal Scel jcaveator sat2baeds phamybgtge| detarmes@r saargewebygakmwean | nsshe art.

[ 0071] Exanpl es of the plasm d DNA can include YCp-type E.

col | - yeast tashtAsedte tagsetagprs sgapchcas PREJIG T PROARESt pRSYABEE YCIBE0? pAURL12
or pAUR123, YEp-type E. coll-yeast shuttle vectors such as pYES32 or YEpl
3, and Yi pIFypeE JeBriat§e d3TL28HIGE tA9a99p8TROFG2 e R IPRSAD3, PHRE404,
pRS405, pRS406, pAUR101 or pAURL35. Exanpl es of the phage DNA can incl ude
X- phages (?ﬂ’ié"ra@ﬁa%}ﬁ?gt@f&%ﬁatz"ﬁ?tcEl\?BE%tcc‘f‘—fﬂB?f&tgc,&aﬁt g‘fﬁ‘i@"“at@’il 1£7%%ap),

(1) X174, or r’rP19 0072 | es of the -
retrotr ans%‘&%%ﬁ ?\taiaﬁa(ﬂg%lé FE9SPCF £6F aagéx%?ﬁbrlgé%gto?at%ga%ac can’i ncl ude

pYA! [0073 e DNA constru ment the Iike
congﬁnl nggafﬁ aaﬁ‘r'e?%% E“T gg%ﬁlgagag)lata AT %ag ngsg qaéaeétvgdﬁvm tlﬁga sui tabl e

restriction, enzue aag@gagagprctt@éggfmg SradISELLRLIALA LASLLESL T cbhpn enzyrme

site or multr- 5cf0n|ng site t he vector

gtgagaatag taaaagaagt aatacaaaag cttgccaatt atgaaattcc accagagaag 1980
ctcgcaatat atgaQEagat aacaagacca ttacatgagt ataaggcgat aggtcctcac 2040
gtagctgttg caaagaaact agectgctaaa ggagttaaaa taaagccagg aatggtaatt 2100
15 ggataeatag tacttagagg cgatggtcca attagcaata gggcaattct agctgaggaa 2160
tacgatccca aaaagcacaa gtatgacgca gaatattaca ttgagaacca ggttcttcca 2220
gcgatactta ggatattggg gggatttgga tacagaaagg aagacctcag ataccaaaag 2280
acaagacaag tcggcctaac ttectggett aacattaaaa aatcctag 2328
20 SEQID NO: 82
atgatcectcg atacagacta cataactgag gatggaaagc ccgtcatcag gatcttcaag 60
aaggagaacyg gegagttcaa aatagactac gacagaaact ttgagccata catctacgcg 120
ctcttgaagg acgactctge gattgaggac gtcaagaaga taactgecga gaggcacggc 180
actaccgtta gggttgtcag ggccgagaaa gtgaagaaga agttcctagg caggccgata 240
25 gaggtctgga agctctactt cactcacecce caggacnnnc ccgcaatcag ggacaagata 300
aaggagcatc ctgccgttgt ggacatctac gagtacgaca tccecttcge gaagcogctac 360
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[0074] A first aspect of the present DNA construct conprises a pronoter

segnment operably linked to the DNA segnent consisting of the
above-descri bed t hernostabl e DNA pol ynerase gene.
DNA 20pol yner ase gene segnent
.-downstream of the pronoter.
DNA pol yner ase gene,
i n yeast
gall () pronoter,

is used,

an ADH

it

pronot er,

when a
is preferable to 25use for exanple,
a pyruvate decarboxyl ase gene pronoter,
prot ei n prBYfBEISAT2 ARFIREERT CHFBHEARE 99 PMEBEASF BBt efStcacPEK pr /bt er,
pronoter,

Thus,

t he thernostabl e
is controlled by a pronoter and |inked

[ 0075] For the expression of the thernostable

or

an AOX1

pronot er.

0076

pronoter enabling the expression thereof
a gall
a heat shock

pronoter, a

a GAP

A second DNA

]
const ruct %‘sca‘é‘?%‘?%é?“ﬁ%ﬁéit‘:giﬂggfﬁé 96P'ét§8?ﬁ9 PRICOHs FT 98t Fhel udds a DNA
chronpsone in addition to

%gaﬂ)iﬁg%é’a?%ﬁ‘fgtfoaftﬁcﬁﬁ%ﬂa ag%ﬁ"satf%acf)%ﬁféf“i on i°§° a DNA

segnent for
the present®HRE T
sequence honn
t her nost abf & °

honol o

%ous reconbi nati on

& 3r i Al RS

in a

e_near

Gobe i

| ntI'O

tccE

R

ite

Chr ONMDSONE,, TR LoD bURL: 12064488 g%EgaJCQaJte@cELaQQ&« chfc%

segnents for

honol ogous reconbi nation.

For

exanpl e,

i nt (0]

h th
koo D W o the

bl y gggv0 DNA
segnents for

honol ogous,J,e¢e0ky aeéab&@gaagto%@&era@@éaegéa%egg%g%g%%gém&es hegol ogous to

DNA upstream and downstream of the target site on the chronosone to |ink
t he t her nDgdcalcgc DMy B YIRE 388 AR MRCRENREQ ENAGSRENENt S50 15 [ 0077]
When the thernostabl e DNA pol ynerase gene is introduced into a host

. chr onbsonetdaycdyes t goataad gatabidatdcedtrtddaecdet aent adobetgan bestntr oduced
ed by a pronoter on the

into the ‘host chronosone so that

host chr onpsetettd

10

15

20

25

acgggcgagyg

gaactcggaa

ctctgggatg

gectacgaga

agggagagct

gtgtatctgg

gatacactca

ttctgcaagy

cagaaggtaa

tacaggcaac

aaggeecgct

atcgagacca

acagatggat

aaggagttcc

ggcttctaca

gacaagataa

gagacgcagyg

it can be control

padab¢gac @s@aaddae tapndargabigcigerycofa

gattagaaag
aagagttctt
tatctcgete
ggaatgaact
acgcgggtgy
acttecegete
acagggaggg
acttceceegg
agaagaagat
gagcaatcaa
ggtactgcaa
cgataaggga
ttttegeaac
tggactacat
agcgcggctt
cgacgcgegyg

cgagggttct

ggtggccege

ccetatggaa

gagtaccgga

tgcaccaaac

atacgtcaag

cctgtatect

ttgtgaggag

cttcatccca

gaaggccact

aatcettget

ggagtgcgcc

aatagaggag

aatacctgga

caacgccaaa

cttcgtgacg

gcttgaaata

tgaggcgata

tactcgatgg

gccecagetct

aacctcgtcg

aagccggacy

gagcccgaaa

tcgataataa

tacgacgtgg

agectectey

atagacccaa

aatagcttct

gagagcgtta

aaatttggct

gcggacgccyg

ctgceeggee

aagaagaagt

gttaggecgtyg

ctaaagcacg

42

aggacgcaaa

cgcgecteogt

agtggttttt

agagggagct

ggggactgty

tcacccataa

ctectcaggt

gagacctctt

tcgagaagaa

acggttacta

ccgcttgggg

ttaaagtcct

aaaccgtcaa

tgcteogaact

acgcggttat

actggagcga

gtgacgttga

gdretgggaa

ggtaacctat
aggccagagce
gctgaggaag
ggcaagaaga
ggagaacatc
cgtctecect
aggccataag
ggaggagaga
actcctcgat
cggctatgea
caggcagtac
ctacgecggac
aaagaaggca
cgaatacgag
agacgaggag
gatagcgaag

agaagcggta
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20i nt ended gene sinul taneously di srupts an endogenous gene to be controlled
by the pronoter in nature, and the foreign thernostable DNA pol ynerase gene
can be expressed in place of the endogenous gene. The pronoter is
particularly useful when it is a high expression pronoter in the host

cells. [0078] 25The transformation of a host wth the above DNA construct

wi |l be described below. Once the DNA construct has been constructed, it
can be introduced into suitable host cells by any of various appropriate

means such,@sc@.ctd agb%gegtg@tgb%aﬁgmgdaag@acrgr@g@§éc%géa OReRLROd, 135£0N] Ugat i on

met hod, protoplast fusion, an el ectroporation netho a |ipofection nethod,
a |ithium acetabe; BBL:HOGac 2cRkides| RogietadiBldiotheed g&lgsatgea phasphat e
preci pi tation nmethod, an Agrobacterium nethod, a PEG nethod, and a direct
M Cr Oi nj ec§dtgtrgo®i BoGcchbt @Ecdabddod Hieddage dehycENBa 088 EwGEs t Reocel | s
havi ng recei ved the construct are cultured in a selection nmedium [0079]
a transf or teatcgodt atdaeshcby gbyaapshordypdacospamthbadchie DNAgooasSt r vatq 10
conponents of the DNA construct will be present on a chronosone or an
ext r actr onosormkase hemeargtd icotisodian Faatrecatri fdeedcabotc hetormeone) .223d can be
confirnmed by a PCR nethod or a southern hybridization nethod whether the
t her nost ab¥t@IBRPEP Y FAFI98S StiFentap Pt Peeardi Ftrpdacetagrders a désd red
pronoter or not. For exanple, the confirmation can be achieved by
15pr epar i nPIEMNACTT BFACPFRITE PEIPSEEA AR E229pEEf Br i ng PCR usi ng a®#ntroducti on
site-specific prinmer, and detecting an expected band in the el ectrophoresis
of the PCR products. Alternatively, the confirmation can also be carried

t b PCR ed th fl t d th
??’ke_yTﬁgéeﬁrm”%ﬂgssﬂﬁgh%ﬁgporwﬁ%ﬁ@pF%@@egesrvéwréﬁstm”% 6856 200 0080]

In

When ast A strain in which a yeast gene is dlsrupted can
be us @ §I’:‘iﬂb”§ Tntroducti on of the gene, the presence of a
uraci | synihase Rl ol GBARL RS LR ELRCLIRNRly t he ygast into
whi ch t he ;{aasmF ?%V%Jntroguce? US| ng an arJz}c auxoLtropEé A protease-

25def i ci entyryadsia §§MA@G&§&GQ§PTH§%GPgQQAﬁH%KJﬁ&éLARhﬁVg@&%H)OSI hion of a

protein excessively expressed in the yeast cel These net hods are wel |
known to t{3Rs@xed kic@frrlr hM@LAIThs DRINVLHPEG YLITPAWLWE KYGLRPDOWA 180
DYRALTGDES DNLPGVKGIG EKTARKLLEE WGSLEALLKN LDRLKPAIRE KILAHMDDLK 240
15 LSWDLAKVRT DLPLEVDFAK RREPDRERLR AFLERLEFGS LLHEFGLLES PKALEEAPWP 300
PPEGAFVGFV LSRKEPMWAD LLALAAARGG RVHRAPEPYK ALRDLKEARG LLAKDLSVLA 360
LREGLGLPPGE DDPMLLAYLL DPSNTTPEGV ARRYGEGEWTE EAGERAALSE RLFANLWGRL 420
EGEERLLWLY REVERPLSAV LAHMEATGVR LDVAYLRALS LEVAEEIARL EAEVFRLAGH 480
PFNLNSRDQL ERVLFDELGL PAIGKTEKTG KRSTSAAVLE ALREAHPIVE KILQYRELTK 540
20 LKSTYILDPLP DLIHPRTGR}.; HTR..FNQTATA TERLSSSDEN LONIPVRTPL GQRIRRAFTA 600
EEGWLLVALD YSQTELRVLA HLSGDENLIR VFQEGRDIHT ETASWMFGVP REAVDPLMRR 660
ARKTINFGVL YGMSAHRISQ ELAIPYEEAQ AFIERYFQSF PKVRAWIEKT LEEGRRRGYV 720
ETLFGRRRYV PDLEARVKSV REAARERMAFN MPVQGTAADL MKLAMVKLFP RLEEMGARML 780
LQVHDELVLE APKERAEAVA RLAKEVMEGV YPLAVPLEVE VGIGEDWLSA KE 832
25
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[ 0081] The production of a thernostable DNA pol ynerase preparation using 5
_the above transformant will be described below A transformant obtai ned by
the introduction of the DNA construct is cultured to produce the

t her nost abl e DNA pol ynerase as an expression product of a foreign gene in a
.-culture. A step of separating the thernostable DNA pol ynerase fromthe
culture can be perforned to provide a thernostabl e DNA pol ynerase
pteparation. For the 10purpose of the present invention, the culture
enconpasses ,cul tur and or fungal

%dcellsorfunal.clls crushed cells

cel I's. [00gdnino &cl Seqqeﬁ":&ﬂ"{r&FPﬁ@d'ﬂﬁi"EW%H%’F%FHB%F“QH Ofﬁgaﬁ?esent

i tion, I it b | ected d di the t f th
transt or mae e ot SER ELAET 830 Tone. are wel I known to those oki1led in
the art. [Q083L e sorevifGx TRl diO8REM rtﬂgnéﬁﬁp&%@g«ﬁg& mant ¢qpt ai ned

usi ng yeast as 2 hoSt IS not particularly limte that it is a

medi um wWhi ef, e QRERNBSrfeGRRRR AW GRerReiY hPRRAIS BWee@Nd | Nog gani ¢
salts utilizable by 20m croorgani sns and enabl es the transformant to be

ef fici ent | yrgxuldeMt @EEELRARR ReRfltbzadrckBd b 2behrRS YRiReib¢ Medi i can be
used. However, to produce a thernostabl e DNA pol ynerase preparation

appl i cabl evinreskrem SRERL S rRB1OFNOT-HRNGOSMFPSLA raEk G, @FdRUtEEsx It 450
preferable to use a synthetic nmedium For the carbon source, a carbohydrate
such as gl urosmrat EUCROse. Y2BKRCINGSEYTIHAVSE BIFCKEKERN YEDEgERMAWE aciado such as
acetic acid or propionic acid, or an al cohol such as ethanol or propanol
may be USe6RENERRVAK [YeMEDREATY FOFKEFSREI TDOSRIAGIPOINDASRSATE NIEFEARK ¢ ad] @l0or
organi ¢ acid anmoni um salt such as anmoni um chl ori de, ammoni um sul f at e,
anmoni um atEREEVAPN EPSEFEYRST I LGRTPEUS HFAERSLRN HOPEREPY BFRIEBEHER- cortaPni ng
conpound, peptone, neat extract, corn steep liquor, or the |like may be
used. JYO8EQTLNLECCK N{RFAPQURR KFERDT B | RELHELTREr ROKSHHMES TR B trar y 9hBsphat e,

magnesi um ghogﬁhat e, magnesi um sul fate, sodiumchloride, ferrous sulfate,
YRQKATKILI, ANSFYGYYGY AKARWYCKEC AESVTAWGRK YIELVWKELE EKFGFKVLYI 540

manganese
DTDGLYATIP GGESEEIKKK ALEFVKYINS KLPGLLELEY EGFYKRGFFV TKKRYAVIDE 600

EGKVITRGLE IVRRDWSEIA KETQARVLET ILKHGDVEEA VRIVEKEVIQK LANYEIPPEK 660

LATYEQITRP LHEYKAIGPH VAVAKKI.ABK GVKIKPGMVI GYIVLRGDGP ISNRAILAEE 720

15 YDPKKHKYDA EYYIENQVLP AVLRILEGFG YRKEDLRYQK TRQVGLTSWL NIKKS 775

- Amino acid sequence corresponding to the gene consisting of a base

sequence of SEQ ID NO: 82

MILDTDYITE DGKPVIRIFK KENGEFKIDY DRNFEPYIYA LLKDDSAIED VKKITAERHG 60
20 TTVRVVRAEK VKKKFLGRPI EVWKLYFTHP QDVPAIRDKI KEHPAVVDIY EYDIPFAKRY 120
LIDKGLIPME GDEELKMLAF DIETLYHEGE EFAEGPILMI SYADEEGARV ITWXKNIDLPY 180
VDVVSTEKEM IKRFLKVVKE KDPDVLITYN GDNFDFAYLK KRSEKLGVKF ILGREGSEPK 240
IQRMGDRFAV EVKGRIHFDL YPVIRRTINL PTYTLEAVYE AIFGQPKEKV YAEEIAQAWE 300
TGEGLERVAR YSMEDAKVTY ELGKEFFPME AQLSRLVGQS LWDVSRSSTG NLVEWFLLRK 360
25 AYERNELAPN KPDERELARR RESYAGGYVEK EPERGLWENI VYLDFRSLYP SIIITHNVSP 420
DTLNREGCEE YDVAPQVGH¥( FCKDFPGFIP SLLGDLLEER QKVKKEMKAT IDPIEKKLLD 480
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sul fate, copper sulfate, calciumcarbonate, or the |ike nmay be used. The

~culturing is typically carried out at 30C for 24 to 72 hours under aerobic
10condi ti ons such as shake culture and aerated and agitated culture. The pH

is preferably kept at 5.0 to 7.0 during the period of culture. The pHis

.adjusted using an inorganic or organic acid, an alkali solution, or the

| i ke. [0085] The nmediumfor culturing the transformant obtai ned using plant

cells 15as a host is not particularly limted provided that it is a nmedium

capable of culturin | ant cells, containing a carbon source, a_nitrogen

sour ce, i nSRYARHITEA F‘E’%’?’GYér‘&&?ﬁcéE%AaF%Vs'?WGB?Y g‘f‘i"emﬁlﬁ%;”%?%w es théPeof

i ncl ude MS_nedi u LS nediu Ganbor g B5 nediuq; WP nmedi um and_ whi te

modi um whi GFEPE SRR SEEP Bl ST RO STRESERF B AL co. | HEPude

car bohydr aj a5 ugh 2038l U888, ol HELORE, SHAERSE, SAAdRRLAr Ch. g gHOANI C

aci ds such as acetic acrd and piropionic acl al’cohol’'s"such” as et hanol

and. pr opangly., ABNGLALAGLS wRHELARC ANBIUICARE. AL L BLELALAD! ©.7 Framp es of

the nitrogen source 1 nclude nitrates such as potassiumnitrate, sodium

nitrates apghxgabsi YOHRLEEALERIRIFRNLERSB RoRHERLASKAMDNI UM phegphat e,
ammoniumnitrate, 25 and amoni um sul fate or organic acid amonium salts or

ot her nitrogen-containing conpounds as well as peptone, neat extract, corn
steep liquor, and am no acids such as glycine, alanine, histidine,

gl utami ne, gl ut AMDRAaRdtrubefét iinteoduciy SleCabifve thatmaostabley DNANe,
phenyl al ani ne, tyrosine, tryptophan, |ysine, asparagine, aspartic acid,

t hr eoni ne, polysigrase geng sntoreehostatiliberdeseribeer Host calledcan bet hi ne. Exanpl es
‘of the inorganic salts include potassium 5primary phosphate, magnesi um
phosphat e, trangioesednwithulhieahermastdbienDbA polymieradecgenauef thelfresent nanganese
sul fate, copper sulfate, and cal cium carbonate. Exanples of the organic

mat t erlG ncinygstion taaxpress dias pEeinterasaded gl NAdo: rredues tw PNAC aci d,

pyri doxi ne hydrochlpride, biotin, folic acid, and para-am ngbenzoic acid,
as wel | asPplygsirass in bhedmslcells bk the PNA belymsraseaativityyiBgreof. Pl ant hor nones
i ncl ude anSOré%]such as i1 ndol eacetic

In the transformation, a DNA construct enabling the expression of the
DNA segment consisting of the thermostable DNA polymerase gene in host
15 cells is used. The aspect of the DNA construct for transformation is not
particularly limited; a plasmid (DNA), a bacteriophage (DNA), a
retrotransposon (DNA), or én artificial chromosome (YAC, PAC, BAC, MAC,
etc.) may be selected and adopted depending on the introduction form (extra-
chromosomal or intra-chromosomal) of the foreign gene and the type of the
20 host cells. Thus, the DNA construct can be provided with constituent
segments of any one or more of these aspects of vectors in addition to the
thermostable DNA polymerase gene.
[0070]
Preferred prokaryotic vectors, eukaryotic vectors, animal cell vectors
25 and plant cell vectors are well known in the art.

[0071]
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acid, indol ebutyric acid, naphthal eneacetic acid, and 2, 4-

_.di chl orophenoxyacetic acid, cytokinins such as zeatin, 6-benzyladenine, and
ki netin, abscisic acid, and gi bberellic acid; however, when plant cells can
be cultured, these plant hornones may be each contai ned or not contai ned.
.-15The culture is typically carried out at 25C for 5 days to 6 weeks under
aerobi c conditions such as shake culture and aerated and agitated cul ture.

[ 0086] For the medium for culturing the transformant obtai ned using
animal cells as_a host, a commonly used RPM 1640 or DMEM nedi um or a nmedi um

AL
e e
e moot abpAUBTRT LEpps & T RRRt dhtif WEbr§ 0 BE A o ke 1
Co bt o n G Vil B SRhLAR Wotors It ERB4OITIREI > 1oL Srai e
ol ymaras PREA08, SREUGE SOAURT A BAURI SEELaRBled Ane MHERTIRR EnON) |

d 4 . . H
extract ed HERGk AQE@%%?{%M}%& A Gidon 2K rmm@rm%gg%?ﬂw@tdwﬁ ese

menti oned herein make a purified product.

extracts cadp)egrN7HavissRipast 8AM1BmyRrg ous chromat ogr aphi es,
el ectrophoresis, or the like to provide a purified enzyne preparation. For

10exanpl e, [0@A2] nt ended purified gene product can be obtained by properly
selecting gel filtration using Sephadex, U tragel, Bio-Gel, or the |like, an
el ectrophor et i cExarhpled afthe getratrarespoisan gandhelodaaoty foihyr, pamples pf am de
gel, or the like, or a fractionation nmethod using affinity chromatography,
rever 4@ ph¥%A€ ashrionkdedrédBU2. or the |ike, or conbining these methods. 15
The amino acid sequence of the purified gene product can be analyzed by a
known ani 0438l d anal ysis method. The above-described cul ture method and

purification nmefhod are only illustratiye and not iptended to he |imting.
[0089] Parti cul B? P{eraiedlor CPBSTY, %ﬂcrégmﬁ”tioﬁ\u%['lf%ﬁ‘?ntlawgra]eori ty of

the thermostable DNA polymerase gene is cleaved with a suitable restriction |

enzyme and, for example, inserted into the restriction enzyme site or multi-
15 cloning site of the vector DNA used.
[0074]

A first aspect of the present DNA construct comprises a promoter
segment operably linked to the DNA segment consisting of the above-
described thermostable DNA polymerase gene. Thus, the thermostable DNA

20 polymerase gene segment is controlled by a promoter and linked
downstream of the promoter.
[0075]

For the expression of the thermostable DNA polymerase gene, when a

promoter enabling the expression thereof in yeast is used, it is preferable {o
25 .use, for example, a gal1 promoter, a gal10 promoter, a pyruvate

decarboxylase gene promoter, a heat shock proteih promoter, an MFa1
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20t her nost abl e DNA pol ynerase is produced in an insoluble formin a
~culture, and the resultant can be heated to |lead to the exhibition of
activity and inprove the solubility and purity thereof. Heating treatnent
can be perforned at a suitable stage before obtaining the thernostabl e DNA
.-polynerase in a desired form(e.g., a preparation or a purified product) to
25 solubilize and activate the thernostable DNA pol ynerase produced by a
host fungus. For exanple, cultured fungal cells are crushed and then

centrifuged, and t resul t ant ials are arated into the

super nat anP"YAY q1h%Eg'@cPrﬁm°$?%;anF?§'ngPH@t%ﬁ @aégsfnram?% aBrAégngal cells,
in which the thterrmstagbsgDNAchﬁl P/merase i s produced and accumnul ated, can
be subj ect BEPPR' Ryt eBOMME t 0 achi eve both of the sol ubilization and

activati on[cﬁ 6t he 5t her nost abl e DNA pol ynerase. The heating treatnent is
preferably ca-{’n]i ed out at 50C to 100C, nore preferably 70C to 80C, still

f bl [ f
he-cbl tur & pr oAU G N SRRIERES aloiBt hene B MPBIEREENA | “Ger i vea

the culture prod e host-derived

pr ot ef 1 AN FeldEs RYNA KebRFRS, TERRIBHAR FRIARKInARdHEH SRog! t he

culture product 1s 10preterably ate nore preferably 70C

to 80C, st chlorRdn®rPAGHIAGA Yo TR eBeRBONOr TRODNA dediPBRt 1dr0090] In

t he production of the thernostable DNA pol ynerase preparation according to

t he pr esenhomdWsytiusgecombiritiones aDNAGqUentd bR GIlsetoNBNKOpol yner ase is
i ntroduced and expressed using eukaryotic cells as a host. As a result, the

t her nost abkequdendarreetanget gitedptr whichrthé thdrenasivats e A palyrhenaseno or
extrenely reduced contam nation with bacterial DNA-derived nucleic acid and
the like. Foosjs toHzmirdroguced irethephastwbrombsoreef The adnsiiuctincludes at
requirements for the purification process, various steps or purification
20degride cleastene.ryeterabliiwaddNArsagynenis fei horaelogsusrecanadineien. kab, t hus,

production cost can be reduced. (2) PCR Method The PCR met hod using the
t her nost abP¥AMRIE. HEP HEA gegments for homologous recombination are preferably

used as DNA sequences homologous to DNA upstream and downstream of
the target site on the chromosome to link the thermostable DNA polymerase
gene between these DNA segments. |

15 [0077]

When the thermostable DNA polymerase gene is introduced into a
host chromosome by homologous recombination, the present DNA can be
introduced into the host chromosome so that it can be controlled by a
promoter on the host chromosome. In this case, the introduction of the

20 intended gene simultaneously disrupts an endogenous gene to be controlled
by the promoter in nature, and the foreign thermostable DNA polymerase
gene can be expressed in place of the endogenous gene. The promoter is
particularly useful when it is a high expression promoter in the host cells.
[0078]

25 The transformation of a host with the above DNA construct will be

described below. Once the DNA construct has been constructed, it can be
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preparation according to the present invention may be any one of various 25
~PCR nmet hods provided that it is a PCR nethod for anplifying an intended
gene for detecting a subject organismto be detected. [0091] Preferred PCR

met hods can include the foll ow ng nmethods: [0092] (A) A typical PCR
. method or a nodified PCR nethod in which the following a, b, and ¢ are used
al one or in a conbination of A and B, or A and C a. Areal-time PCR

nmet hod using an intercalator, conprising the follow ng procedures: (al) The
prinmer is designed so that the Tmval ue of a PCR 10anplification product
provi di ng %Pﬁﬁ intm siipble hast calks by agyof variplig; ARRroPRagie 'f“ﬁ?éﬂS@fJCghe pri mer
di itself; d . 2) The t ti in the detecti f

{1 Uor escents SdATSImatian fehotaarseariaaier § oRLAsderRERS.

b. A PCR f | - L £ i ' f 15wi t hi

e ot B BAaE el R b R TR, Sy el Bl ™ °
b-1) Th : : . . ti ; : : Caini
n outer  PCREN iEicty B Sl B, o GALLATIRRRalBreaitel 0N % 0.

an outer apphidd C&?{Aﬁr’bg%if@fﬁﬂ?ﬁ?etﬁﬁ £BRG ﬁwieﬂ?éd,%glrc]i;ae%ééton mxture of the

stage bl is placed o serving as a tenplate, subj ected to

ampl | {1 cat irigrolifiionfefiod? ARIFRFAANIRG e DNACEXIdRECOhE CaRERaphh ™" Pai f

e
i s anneal ed and’ ext ended, but the sem -hested prinmer pair does no

function; aRRived the consfrictare BultBfeyinde selestdh mieefmirad anplification
product, the m xture of stage b2 is subjected to anplification reaction,

ei ther at @O7Operature at 25 which only one of the outer PCR prinmers and
the sem -nested priner are
In a transformant obtained by transformation with the DNA construct,
10 components of the DNA construct will be present on a chromosome or an |
extrachromosomal element (including an artificial chromosome). It can be
confirmed by a PCR method or a southern hybridization method whether the
thermostable DNA pblymerase gene has been introduced under a desired
promoter or not. For example, the confirmation can be achieved by
15 preparing DNA from the transformant, performing PCR using an introduction
site-specific primer, and detecting an expected band in the electrophoresis of
the PCR products. Alternatively, the confirmation can also be carried out by
performing PCR using a primer labeled with a fluorescent dye or the like.
These methods are well known to those skilled in the art.
20  [0080]
When yeast is a host cell, a strain in which a yeast gene is disrupted
can be used. For example, in the introduction of the gene, the presence of a
uracil synthase gene in a plasmid enables thé selection of the yeast into

which the plasmid is introduced using an uracil auxotroph, A protease-

25  deficient yeast strain can be used to suppress the decomposition of a protein -
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anneal ed, or for an extension tine during which the two priners are

_.ext ended. c. A PCR nethod for the sem -nested anplification of a
sequence within a target nucleic acid in a specinmen, conprising the

foll owi ng stages: 5(cl) The specinen is mxed in an anplification reaction

.-m xture containing an outer PCR primer pair and a nested priner pair;

(c2) To provide an outer anplification sequence, the anplification reaction

m xture of the stage (cl) is placed on DNA serving as a tenpl ate and

subj ected to a Ilflcatlon reaction at a er at ur chth out er
10PCR pri n@gcﬁyeygxawéggga @F@Uﬂeﬁhgg% e&rm; @%\ ﬂ?‘i’% pair does
not functi ) To provide a nested anplification product, the
m xt ure of %gqsfg%((ﬁte(gz'f thg(agﬁbj ected to anplification reaction either at a
terrperatur:fooﬁg]v\hi ch only the nested primer pair is annealed, or for an

ext ensi on during which 15the primer is extended. [0093] (B) A PCR

hod whi ch b ) A PC
PeR et hod 1 nvol 1 el e ReRR R 1 DN Redf il B oA ™ 1 ©
proceduy esth@Qlﬁé\}é trgﬁﬁoﬂﬁéﬁﬁhﬂ'tﬁa cﬁ%‘s’iﬂnﬂ@@% th@t?aﬁ n:réﬂt‘b%'téiﬁ @by2 PCR

anplification product providing a target is |gher an the va ue of t he

prinmer di nede intre@lEtion of the(PRA C-Uhgtrbéﬂﬁ%ruﬁh#@cﬁo' ;ﬂoﬂbé’e e pefhestasle
fl uorescence during real-tinme is set nedially therebetween; and 25(2-3)

A modi i ed DRERpOBHiEPdse @s@nva@regsuéﬂﬂprdtﬁ.toe@f e%re‘%‘i Herte gl camaret iAi cation

met hod of the present invention is a nethod for the sem - nest ed
anpl i fi cat step affsepasatingethedheindstable DEAgsilymerdsei froradhel culture capelnd men and
i ncludes the follow ng stages:
performed to provide a thermostable DNA polymerase preparation. For the
10 purpose of the presént ihvention, the culture encompasses cultured cells or
fungal cells and crushed cells or fungal cells.
[0082]
In culturing the transformant of the present invention, culture
conditions can be selected depending on the type of the transformant. Such
15 culture conditions are well known to those skilled in the art.
[0083]
The medium for culturing the transformant obtained using yeast as a
host is not particularly limited provided that it is a medium which contains a
carbon source, a nitrbgen source and inorganic salts utilizable by
20 microorganisms and enables the transformant to be efficiently cultured; both
a natural medium and a synthetic medium can be used. However, to
produce a thermostable DNA polymerase preparation applicable when a
sample microorganism is in trace amounts, it is preferable to use a synthetic
medium. For the carbon source, a cafbohydrate such as glucose, fructose,

25  sucrose, or starch, an organic acid such as acetic acid or propionic acid, or

an alcohol such as ethanol or propanol may be used. For the nitrogen
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(bl) The specinen is mxed in an anplification reaction m xture containing
~.an outer PCR priner pair and a sem -nested priner; 5(b2) To provide an
outer anplification sequence, the anplification reaction mxture of the
stage bl is placed on DNA serving as a tenplate and subjected to
canmplification reaction at a tenperature at which the outer PCR priner pair
i s anneal ed and extended, but the sem -nested priner does not function; and
10(b3) To provide a seni-nested anplification product, the m xture of stage
b2 is subjected to anplification reaction either at a tenperature at which
only one ofCHIE, GUTRRNIPCRN HIArdaRS agitior prgasisnaCid @asinaenigm salt s¥geasinneal ed,
or for an extension ti during. which the two priners are extended. 15(C) A
PCR et hod SMSTORIHE SHUGHSes SIRERHITE 248, BmmoRbE AeRtelenPl AMMGNIVEY el

nucl ei c acigi speci n as a nodified PCRinv8Iveqinthe def'tetion
met hod andP H@aﬂﬁﬁ’ﬁ iaf"Pg}‘i%'" iMRORI H NG PEPHY I RRPIPIF TBRRL RN ECkges

1) Th ) . . ) i . ) ) _ T
(cl) e smﬁga I}'&Hg%,)ﬁqhé ﬁk &@S’{Bégdb%% ation reaction m xture containing

an outer P and a ‘mer pair; 20(c2) To provide an
out er | fddgzdt i on sequence, the anplification reaction mxture of the
stage Cc1 is placed on DNA serving as a tenplate and subjected to

anpli fi catlon ¢ #8¢ HMomartc IRMRETRILESUM pIRbR/DIABHaN Sadi@Run | or pai 1

i s anneal ed and extende nested primer -pal oes not function

oW ng to tBRosHHHE] inBhMeSILAESIIfRE, sbdilth¥hYSte) ferPhd BlIfR& mangdtksed(c3) To
provi de a nested anplification product, the m xture of stage (c2) is

subj ect ed bolfgtaptogperaiifate, caliirh eartsiridierorahedike emapebaiged. Thewhi ch  only
the nested primer pair is annealed, or for an extension time during which

t he pri ner cullurind isngeidallyf €4r8iéd cOhet 80°Grfieli 24 d7 POBUrsedridel senstdit ul  when
conmbined with the 5 thernostabl e DNA pol ynerase preparation according to
t he prigsentonditiems s@eh as shake culture and aerated and agitated culture. The pH is
preferably kept at 5.0 to 7.0 during the period of culture. The pH is adjusted
using an inorganic or organic acid, an alkali solution, or the like,
[0085]
The medium for culturing the transformant obtained using plant cells
15 asahostis not partic.ularly Iihited provided that it is a medium capable of
culturing plant cells, containing a carbon source, a nitrogen source, inorganic
salts, organic salts, or the like; examples thereof include MS medium, LS
-medium, Gamborg B5 medium, WP medium and white medium which are
commonly used. Examples of the carbon source include carbohydrates such
20 as glucose, fructose, sucrose, and starch, organic acids such as acetic acid
and propionic acid, and alcohols such as ethanol and propanol; among
others, sucrose and glucose are preferable. Examples of the nitrogen source
include nitrates such as potassium nitrate, sodium nitrate, and calcium
nitrate, ammonium salts such as ammonium phosphate, ammonium nitrate,

25  and ammonium sulfate or organic acid ammonium salts or other nitrogen-

containing compounds as well as peptone, meat extract, corn steep liquor,
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is a masked Prinmer Dinmer nethod (method A). Unlike a conventional nethod
_for suppressing the formation of a prinmer diner, the masked Priner Dimer
nmet hod is a technique conprising naking only a primer dinmer non-displayed.
The technique is a nethod for performng real-tinme PCR using an

.-10i ntercal ator by the procedures: (al) The prinmer is designed so that
the Tmvalue of a PCR anplification product providing a target is higher
than the Tmvalue of the priner diner; and (a2) The tenperature in the
detection of fluorescence during real -time is PCRis set at the median

val ue t her 8B AN aCiHs FCHS QibC'ﬂﬁa@ant“ﬁehﬁF'ﬁﬁ’@r QEHt@fBInei' gludamiq a%l@ an
arrpllflcath n. product . and herefgre tends ta h ci ‘[m val ue". [0095]
By goi ng t FHGIEN SOIRYCi, Y&IIRR JUofne ddhery @n‘f‘ﬁ Y[ﬂ&]"’h% RIeRNhaN, s

20di ssoci ated from a doubl e Iﬁtra Abnto Si n le.stran t he

"niercalac OF ot B 1 CRENELD regn}rbes& %te'ra%&yiﬁnw&ﬁwe does o
o tor - rege ey e ERngt S PldeR sl EMRR AR or i ng
an a1 bR oK 25obARIG orfies hgfes g%(]grﬁ?qrn%unafer@aa. ed for the

met hod A |s not” parti I‘OVI I'S suc hat the Tm

val ve of aqfibfiéTBlrbi sakbeniiRAHELe BIRNEILASE duEES arkraggmn i gher than

t he val ue € prinmer dinmer 1t However, ‘as a specific exanpl e, t he
priners meyarbendiesiExeapes of i ofjdifc hatterinefudd vitarhaR saiéRldsl | cat i on
product providing a target is 5C or nore, preferably 10C or nore, higher
than the TimamiheeyafodHieride,inestinid agid, pyriddxine hpdrothieride} bietin Aoli¢ he
tenperature in detecting fluorescence during real-tine PCR nmay be set at
t he nedi anacid) ared pataseminabienzdin acad, s well as rimgocbhatmillkerargh oduct
providing a target and the Tmvalue of the primer 10 di nmer. However, the
medi aOval caseirhydralysate.r Blege hprmoln@s m@l@mmmaum ag irdaieanedic val ue,
e.g., in the nelghborhood of 1to e., the nedian value 1 to 4,
dependi ng #HdtindoleRubyhic asid ,tﬂ?@h’(hﬁ|9@$wt1§|ﬂcidaraéﬂc% bet ween t he
anplificati.o pr duct and, the priner dine However, the f|uorescence

det ecti on dig nPéY@%et&@'@r%@@n'ﬁstsé'ﬁaésaﬁﬂt'& ﬁ?%¥@dﬁﬂ@elgn s lowin
the above rant% abscisic acid, and gibberellic acid; however, when plant cells can be

cultured, these plant hormones may be each contained or not contained.
15  The culture is typically carried out at 25°C for 5 days to 6 weeks under
aerobic conditions such as shake culture and aerafed and agitated culture.
[0086] |
For the medium for culturing the transformant obtained using animal
cells as a host, a commonly used RPMI1640 or DMEM medium or a medium
20 in which fetal bovine serum is added to each of these media can be used.
The culture is typically performed 37°C for 1 to 30 days in the presence of
5% CO2. During culture, an antibiotic such as kanamycin or penicillin may
be added to the medium, if necessary.
[0087]
25 After the end of culture, a thermostable DNA polymerase can be

obtained in a desired form from a culture such as a culture solution or
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[ 0097] The real-tinme PCR using an intercalator may be one for which
the device and nethod used are known; exanples thereof include real-tine
" PCR using a fluorescent dye such as SYBR Green | as an intercal ator.

20[ 0098] Anot her one of nodified PCR nethods useful when conbi ned
.with the thernostabl e DNA pol ynerase preparation of the present invention
is the application of a nested anplification nmethod or the design of the
PCR extension time. By applying the nested anplification nethod or
designing the 25 PCR extension time, a nested PCR can be perfornmed using
only one r&dlfiregfungat cailenber exapriate optain apfeRgralion containipgtte of PCR
(one-step pested, P as jn conventjonal nested PCR This one-step nested
"PCR can be Wﬁt@éﬁ“%@? gerase.dnetiedgdaeniipnedersin kMg eAtbe  nest ed

primer”; thus, [t _is,.an jdiot-proof thod., [0099] The qgne-step nested
BeR s & ntised: In et ot hebeiRsetpie A ettt seeapay bpbRoeded ahd™® NEThog
B: A nodif] h - t ] i sequence
wthin a tBooC ol eyl (68 . e PR BB SB e Bl o ng

stages: - 10 i i 1 L ; i B i reaction m xture
cont ai ﬁr’| ngégr@%-@tﬁg‘?é@wﬁ%}ﬂgés @aél?ﬁggﬁg r%?%@n%w@-dr\{teeg?zﬁdé l%?la r?@?' ﬁé& (b2)
To provi depﬁ:l&iu‘é’dt er anplification sequence, the anplification reaction

m xture of the stage.bl is placed on. DNA serving as a tenplate and

subj ected fopsafpl i fication reaction at a tenperature at which the outer PCR
15primer pair is anneal ed and extended, but the sem -nested priner pai T i's

not anneal ed; aTfldese extract§ledh ebehbeoyilsectedte variogs chbraangrdphied,i on
product, the m xture of stage b2 is subjected to anplification reaction at

a tenper at eleetraphoviesish ob tienlila tat previuiat 22 puffiekl pnzymee preparatiore Sem - nest ed
primer are anneal ed, but only 20 the nested inner PCR anplification product
i s denat urexamplet annetended purified igene yinpaductedntie abtpined kyapiaperlyeact i on f or
an extension time during which only the nested inner PCR anplification
product caselpetinggelftieation using Saphadrs, Hitagel Bio-Geleonifs like, @ati on reaction
m xture includes 3 types of priners. That is, a first priper i s one of the
pai r ed Out@pcmqup%me;hog using ion-exchange chromatography, polyacrylamide
gel, or the like, or a fractionation method using affinity chromatography,
reverse phase chromatography, or the like, or combining these methods.
15 The amino acid sequence of the purified gene product can be analyzed by a
known amino acid analysis method. The above-described culture method
and purification method are only illustrative and not intended to be limiting.
[0089]
Particularly, according to the present invention, the maijority of the
20 thermostable DNA polymerase is produced in an insoluble-form in a culture,
and the resultant can be heated to lead to the exhibition of activity and
improve the solubility and purity thereof. Heating treatment can be
performed at a suitable stage before obtaining the thermostable DNA
polymerase in a desired form (e.g., a preparation or a purified product) to
25  solubilize and activate the thermostable DNA polymerase produced by a host

fungus. For example, cultured fungal cells are crushed and then centrifuged,
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25second priner is the sem-nested priner; and a third priner is the other
~of the paired PCR outer priners and also forns a pair with the sem -nested
prinmer. [0100] For the method B, it is necessary in the stage b2 to
use a tenperature at which only the outer PCR priner pair is anneal ed and
..extended, but the sem -nested priner is not annealed. It is also necessary
in the stage b3 to 5provide a tenperature at which outer PCR anplification
products are not denatured, but only an inner nested PC R anplification
product is denatured and extended. Alternatively, it is necessary in the
stage b3 tangithe ressitant matesias sre separateskinithihersupeenatantanddr anpl i ficati on
products cannot be extended, but only the inner nested PCR anplification
product caRrasiitate;dhe eredpitatedractine arnfiemaal calls tinavhidhihe therpestedle anneal i ng
t he sem - nest.ed Qrirrer %air is%ﬁreferabl 5C to 20C | ower than the suitable
t enper at ur POIYMISERSS ISPrPHECRH 2BR apewmplatedhCanbe subjected tadleating st age al
of the method B, .the priners a ref er.ahl resent  .at const ant
t enper at ur e?‘im%f}iiioéﬁﬁﬁ"gﬁ’&i@ Pf)%efﬁ‘iﬁt?'[%%cﬁi%cﬁ?%t.'vai@[.'éérﬁ For the nethod
B, the _Tm yal LSt ' .I1h Lrd.oriner._.ar referably
the sare. @FMggt@%Leebﬁ@}jE’@W}eﬁggésgéﬁgggp'ﬁ%ﬁ?gr e@é F’lr%%ﬁ@f%ﬁﬁéegsi de so
that it is ' jt LS, ' | , and the
Tm val ue o?ﬁfﬂles@g?%ﬁ?dgﬁ %ed;rsi%g&%‘r‘aeélgz QE@}E’ ?bt%' %BIC&' pt)é\’/\grre?é%n the Tm
val ue of e [ hi i ; , the outer
anpl ificat?%&ryg@r%%l{}gﬁs!-%b?gt g?%%g'_r g@?yﬁggﬁétgpteﬁ%@n Ihgrtggtrcmg%el?out 300 bp or
nor e) t hanpididieichest 8Rol bR atdARS indohdiliANthe Hysusferived bRRkin and Met hod C:

A nodi fied PCR nethod for the nested anplification of a 25sequence within a
target nucingirovathelpurityahsmeti Tas supematast fractioheofftiaé baldregproduct is
10  preferably heated at 50°C to 100°C, more preferably 70°C to 80°C, still more
preferably 73°C to 75°C for about 1 hour.
[0030]
In the production of the thermostable DNA polymerase preparation
according to the present invention, a gene encoding the thermostable DNA
15 polymerase is introduced and expressed using eukaryotic cells as a host. As
a result, the thermostable DNA polymerase preparation to be obtained can
have no or extremely reduced contamination with bacterial DNA-derived
nucleic acid and the like. Thus, when a purified product thereof is obtained,
the requirements for the purification process, various steps or purification
20 degree concerning contamination by nucleic acids are deduced, and, thus,
production cost can be reduced.
(2) PCR Method
The PCR method using the thermostable DNA polymerase
preparation according to the present invention may be any one of various
25 PCR methods provided that it is a PCR method for amplifying an intended

gene for detecting a subject organism to be detected.
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st ages: (cl) The specinen is mxed in an anplification reaction
mxture containing an outer PCR prinmer pair and a nested priner pair;

" (c2) To provide an outer anplification sequence, the anplification reaction
m xture of the stage cl is placed on DNA serving as a tenplate and
..Subjected to anplification reaction at a tenperature at which the outer PCR
primer pair is annealed and extended, but the nested prinmer pair is not
anneal ed; and (c3) To provide a nested anplification product, the

m xture ofﬂftqge c2 is subjected to anplification reaction at a tenperature
at which o QP nested 10i nner PCR anplification product is denatured.

Al ternatively, o anplificati reacti for an extension
time during whi efjgme@%(jﬁlg %‘g?gﬁcﬁﬂﬁé‘}lu eafo PSRN Spr oduct can be
ext ended. Ec%%i] For the method C, the anplification reaction mxture

i ncl udes 4 s isof priners. That is, a 4th priner and a 5th priner form

an. out et PCR pr (AR oA @R InéinBh by BRI LR ol h e " 2 nest ed

primnmer palr necessary I'n to use a

tenper af ur Ilﬁhur#;é C) Y ¥ abdBs&d bRine T %rédﬁ%n Bt of A aﬁi‘!‘ﬁ%reﬂ afd

ext ended, but t nested pri ner pai r es not unctl on. is also
necessary pn the stage c3 to provide a 20tenperature at which outer PCR
anplification products are not denatured, but only the inner nested PCR

anplification paoﬂmgaist|me@@Femthwdnsm@;darenﬂaﬂdmbr Abtrprisirigitel y, it is
necessary in the stage c3 to provide an extension tine for which the outer.

PCR anpl i f fatlawirgprocedurdss cannot be extended, but only the inner nested
PCR anplification products can be 25 ext ended. [ 0104]
(a1) The primer is designed so that the Tm value of a PCR
10 amplification product providing that the Tm value of the target is higher than
that of the primer dimer itself; and
(a2) The temperature in the detection of fluorescence during real-time
PCR is set medially therebetween.
b. A PCR method for the semi-nested amplification of a sequence
15 within a target nucleic acid in a specimen, comprising the following stages:
(b-1) The specimen is mixed in an amplification reaction mixture
containing an outer PCR primer pair and a semi-nested primer,
(b-2) To provide an outer amplification sequence, the amplification
reaction mixture of the stage b1 is placed on DNA serving as a template, and
20 subjected to amplification reaction at a temperature at which the outer PCR
primer pair is annealed and extended, but the semi-nested primer pair does
not function; and
(b-3) To provide a semi-nested amplification product, the mixture of

stage b2 is subjected to amplification reaction, either at a temperature at

25  which only one of the outer PCR primers and the semi-nested primer are
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For the method C, the tenperature for annealing the nested prinmer pair is
preferably 5Cto 20C | ower than the suitable tenperature for annealing the
“outer PCR prinmer pair. [0105] For the stage cl of the nethod C, the
4th to 7th primers are preferably present at a constant tenperature in the
~anplification reaction mxture. For the nethod .C, the Tm val ue of each of
the 6th to 7th prinmers is preferably 5Cto 20C | ower than that of each of
the 4th to 5th prinmers. For the nethod C, the Tmvalues of the 4th to 5th
primers are preferably the same. For the 10 nethod C, the Tm val ues of the
6t h to 7t hapneatedsordioe apredesnsidn ymetm:rmrmhlcﬁdhetmpnmem@arec t he outer
anplification products are preferably sufficiently larger (about 300 bp or
nore) thanexie8dadst ed i nner anplification products. [0106] <Masked Pri ner

D mer Met hod> 15In i cal ondition s ttln Jve bel ow, the
fl uorescence dePe%tP(ﬁ% meshad fo (f:Rst gSEMimes Mpd H HFHUCNE]r get

%?Zﬁif?f3rneﬁaﬁﬁactazég%@i%%ﬁaud;%“%‘é%@%ﬁhhs”ﬁmpr'a@gefﬁ‘e’W TRTRERE, o o

d) i d t ect | |l ed. t lif t
cirve B i gur 4 TTRCTER [ dﬁrmnﬁl BltetinieRel %ﬁe@g&?”.pn' the "
etection mer dimer is abou
76C and thgg’ E'mﬁ é}éoﬁwan |tﬁ? di‘% J8 r;ég't%%gaﬁph fication product is
bout 91C (F d d
Sugﬁ t hat ghlegllj' vaI m[’@éoie lTltr‘?trgn llfé%@ dg.?n\‘;e ﬁ‘\ep%rggﬁ[“ag greflhgzet he
Tm val ue ofeddfign PhikiiRe ofitﬁéaétagé'@&)tlg%lédéd%rﬁlwwvﬂn‘g@&é't@rﬂ Reé Nt (FDP) is

set at about the nedi an val ue "t herebetween (for exa as in the
fol I owi ng amddibjeetes)to(dm@lificatidR reddiont2 EPRhdidrairaay whcH fhatoaér any tine

instead of after extension). Target tenperature: 94C, 55C, 72C, 86C
| ncubatol onPCiRerim&POpaie toanised|8d End sxtendEdChut thesmestad p(iB@Cpair does
not function; and |

(¢3) To provide a nested amplification prbduct, the mixture of stage
(c2) is subjected to amplification reaction either at a temperature at which
only the nested primer pair is annealed, or for an extension time during which

15 the primer is extended.

[0083]

(B) A PCR method which is a real-time PCR method using an
intercalator as a modified PCR method involved in a quantification method
and the following procedures:

20 (a1) The primer is designed so that the Tm value of a PCR
amplification pfoduct providing a target is higher than the value of the primer
dimer itself;

(a2) The temperature in the detection of fluorescence during real-time
PCR is set medially therebetween; and

25 (2-3) A modified PCR method involved in the detection method and

quantification method of the present invention is a method for the semi-
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Tenperature transition rate: 20.00 [C/s] Cycle nunber: 60 10Then no pri ner
dinmer is detected. Nanely, the primer diner is non- displayed; thus, the
" conmbination thereof with the thernostable DNA pol ynerase preparation of the
present invention can provide an anplification curve indicating no
~anplification using distilled water (D.W) as shown in Figure 15 (A).
i s[0108] The conbi nati on of "non-display nethod + thernostable DNA
pol ymerase of the present invention + bacterial universal prinmers" enables
the nmeasurenent of a bacteriumto the detection limt (Figure 14), and has
been shownnéyied@nplifadlien of a gegquents withinantaigeiunugleiciagid inea gpec@enon | m t
20si nce the standard curve shows linearity to the detection limt. Nanely,
it is nadeadisiuses the fallpwingstagasel y neasure bacteria with high

CR met hod using an

itivi d ly by th al -ti e,
hter cal ator - onlty) APecPesiReiS TEcASREMPI ISP BPASIOWBIRUE (o ¢ he
present invention. [0109] <Me-Ste l\éasted PCR Met hod> The fol | owi ng
prinmers ar@'ﬁ@'ﬂ%@%ﬂ%’&@éﬁ@ﬁwrlﬁ%ﬁ I'a semi-nesteq pyimefq Tm val ues of
1) shart be t nebeane bV Sits” BuiitEcr S leRE el BB, ' (7 Phar
| | . . . . . « . . .
for the oueaPipEiieRti a6l bTis bEbel G RETnd & AmBlaid BE, Chch

that th ; i f
he. outor TR e ach ariostorPreigist alfpelatar Sl oRR e N G hat 1 ne

anpl i fi catpiePpaf Cannedl8d afdlfHdedObuprWerdiib18d PFinfePdeet fiotet the Tm
val ue of the outer PCR product 10(anplification product |I) at 89C or nore.

(e) The priunetion:aandesi gned so that the anplification product Il has a
| engt h of about 100 bp to set the Tmvalue of a sem -nested PCR product
(anpl @bi cati on (pBdToqrovide easerBbiested @rtplification product, the mixture of
stage b2 is subjected to ampilification reaction either at a temperature at
which only one of the outer PCR primers and the semi-nested primer are
annealed, or for an extension time during which the two primers are
extended.

15 (C)APCR méthod_ for the nested amplification of a sequence within a
target nucleic acid in a specimen as a modified PCR involved in the detection
method and the quantification method, comprising the following stages:

(c1) The specimen is mixed in an amplification reaction mixture
containing an outer PCR primer pair and a nested primer pair;

20 (c2) To provide an outer amplification sequence, the amplification
reaction mixture of the stage c1 is placed on DNA serving as a template and
subjected to amplification reaction at a temperature at which the outer PCR
primer pair is annealed and extended, but the nested primer pair does not
function owing to thé inhibitory effect of a 'intervening primer pair; and

25 (c3) To provide a nested amplification product, the mixture of stage

(c2) is subjected to amplification reaction either at a temperature at which
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[0110] 15When nore specific nested PCRis performed, the follow ng new

primers are designed (see Figure 11 (B)). (a) The Tm val ues of
“"forward and reverse prinmers for an outer PCR product (anplification product
) shall be the sanme or close to each other. (b) The Tm val ues of

~two nested priners (priner |1) are set at 20sufficiently low (by 5 to 200
conpared to the Tmvalues of the priners for the anplification product I.
(c) The primers are designed so that the anplification product | has a
| engt h of about 500 bp or nore to set the Tmvalue of the anplification

product | @mly@%n@steﬁimréner pair is anngajgd, Ridopan gxtensindirge sugrgaviien t hat t he

anplification product Il has a |ength of about 100 bp to set the Tm val ue
of the anpihefRr ?”ér?)‘}tﬁ st 1l at 86C to 87C. (e) The primers are
desi gned s[g 5§ft the anmplification products Ill and 51V have |engths of
about 300 9 nore to set the Tmval ues of the anplification products |11

& gani sm to_ be DARSLTRATEPER methad dtsrhO%A soBbiH FER YR, noa for o
subj et OrgaMISiabih BRASHFEFSsS Brbar | Sodfbh Toie bikddieiFERRE!

i nvention conpri si |cat|o ste errormng a

nucl ei ¢ agd, AgBkéd PR ek éhes Aw@&dﬂgcmll.ﬁea%veﬁ@fé|ed fromthe

sample, priners for ying an | ene specl t he subj ect

or gani sm trﬁef?f%o%?@ﬁbﬁ’f% ﬁi@%bh@rrﬁétﬁrf@ﬁé@ﬁﬁ@?bﬁn%@ﬂﬁéﬁ&ﬂ@ﬁné}* eparation

according to the present invention; a detection step of
det ecti ng RimerpEiHoddstd t@@hﬁ[ﬁq@dw&npﬂsmgﬁmalkmﬂ?(é Erener dimermani-f i cati on

products in the anplification step.
displayed. The technique is a method for performing real-time PCR using an
10 intercalator by the procedures:

(a1) The primér is designed so that the Tm value of a PCR
amplification product providing a target is higher than the Tm value of the
primer dimer; and

(a2) The temperature in the detection of fluorescence during real-time

15 PCRis set atthe median value therebetween, considering that "the primer
dimer is small as an amplification product and therefore tends to have a low
Tm value".
[0095]

By going through the above procedures, only the primer dimer is

20 dissociated from a double strand into single strands; thus, the intercalator
cannot bind thereto. As a result, the primer dimer does not emit
fluorescence, which makes only the primer dimer non-displayed on a
monitor, resulting in the intended amplification product normally drawing an

amplification curve.

25 [00986]
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[0112] 20For this detection nmethod, the anplification step is preferably
carried out under the suppression of anplification of an unintended gene
“other than the intended gene. A Hot Start nmethod using an anti-DNA

pol ymerase anti body can be preferably used for the suppression of
~amplification of an unintended gene. In this regard, the anti-DNA

pol ynerase anti body is 25 preferably used in excessive anmbunts based on 1 U
of the thernostable DNA pol ynerase. [0113] The detection step of
the nethod can detect the anplification product of the intended gene
W t hout det ectuﬂibeaieswﬂthemmem LpeddurctﬂwedﬂemosﬂuMSan@marUﬁulatlxended gene.
For this step, a nmethod is preferab used in which 5conditions of enabling
the det ect tmﬁe@prw@e@mﬁt.utfus@ash@a.ata??gamawe fifPCR amaktcajene wi t hout

R T e O
B L
(2) 52 Y8 b L AT bl B R B 5 oo

L] PP By PE O R TH AP B il o >
devi ce fOrrt§E15H*é’ryhB%étb%dW‘%HQtterﬂﬁgﬁégun%rﬁH'dété&ﬁf%ﬁlﬁbr@%&é%‘étspor!Fg;et he

anplification pro an'uninte ene 1s d on the

?gsggﬁgcfeﬁ%ﬂmé PERIhay e dakehisd nidtial caliabriween e TREY4/08 ofan be used

PCR amplification product prowdlng a target and the Tm value of the primer

10 dimmer. However, the median value may have a range in the neighborhood
of the median value, e.g., in the neighborhood of 1 to 4°C, i.e., the median
value+ 1to+ 4, depending on the extent of the Tm value difference
between the amplification product and the primer dimer. However, the
fluorescence detection temperature is preferably a temperature as possible

15 as lowin the above range. |
[0097]
| The real-time PCR using an intercalator may be one for which the
device and method used are known; examples thereof include real-time PCR
using a fluorescent dye such as SYBR Green | as an intercalator.

20 [0098]

Another one of modified PCR methods useful when combined with the
thermostable DNA polymerase preparation of the present invention is the
application of a nested amplification method or the design of the PCR
extension time. By applying the nested amplification method or designing the

25 PCR extension time, a nested PCR can be performed using only one round

of PCR without separately carrying out two rounds of PCR (one-step nested
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anplification product. [0116] The detection step can be perforned by
_devel oping the anplification product on a gel. The anplification product
can be devel oped by gel 25el ectrophoresis for visualization. [0117]
Exanpl es of the subject organismto be detected can include one or two or
..more selected fromthe group consisting of bacteria, fungi, and viruses.
[0118] The detection nethod of the present invention can achieve the
detection of a causative nicroorganismof an infection in a sanple with

hi gh sensi {iyj.t In addjti t he detection nethod of, the present

i nvention %&Yé)é B FoNyBN rh?’gﬁ‘leﬁ ?gﬁ ﬁ'ﬂﬁﬁl"% Wﬂﬁs@ﬁoéu@awt?@l a sterile
environnment, selected fromt consi sting of bl ,._cerehrospi nal
Flut oo amirbmeai=tgy Peramcs ater PEBIB £ FAHIG HpAEngc Bea s bR S thEs.

envi ronment, . o0 contam nation anal ysis), beverages,
cosnetics, ﬁé%%”?ﬁ?r%#@??ﬁ}eﬁ? ed for water quality analysis and

cont am nat iy gﬁnal ysi s of biol ogical experinental environnments. Exanples of
t he sanpl e provi ded for water quality analysis can include tap water, water

fromwaler storge oAb.ep ﬁést%ﬂﬂ%ﬁ i5 %'}hodﬂbét‘od éﬂ‘Pi@ObéRCBT'tHQ ihe4! ating

water, humdifier water,” hot spring water, or sw nmmng pool water. [0119]
In the det BGrirRethaHep. t he anplification product of the intended gene is
guantified, and the quantification results can be used to performthe

20quanti fi cati oWletHoceBSAhedifie@ PR nsthb@ fdrehd seafiredtddnampiificaion; the
measur enent of the nunber of individuals thereof; the nonitoring of the

anmount pr esfeansetienceolithiaredtardet ucdait iatidciatd spedinient cdmpeisingnhé her eof . The
quantification nethod for. a subject organismto be detected.in a sanple
will be defotlowiredstbgesw. 25[ 0120]
10 (b1} The specimen is mixed in an amplification reaction mixture
containing an outer PCR primer pair and a semi-nested primer;
(b2) To provide an outer amplification sequence, the amplification
reaction mixture of the stage b1 is placed on DNA serving as a template and
subjected to amplification reaction at a temperature at which the outer PCR
15  primer pair is annealed and extended, but the semi-nested primer pair is not
annealed; and |
(b3) To provide a semi-nested amplification product, the mixture of
stage b2 is subjected to amplification reaction at a temperature at which both
of the outer PCR primers and the semi-nested primer are annealed, but only
20 the nested inner PCR amplification product is denatured. Alternatively, it is
subjected to amplification reaction for an extension time during which only
the nested inner PCR amplification product can be extended.
For the method B, the amplification reactibn mixture includes 3 types
of primers. That is, a first primer is one of the paired outer PCR primers; a

25 second primer is the semi-nested primer; and a third primer is the other of the

paired PCR outer primers and also forms a pair with the semi-nested primer.
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(Quantification Mthod) The nethod for quantifying a subject
~organismto be detected in a sanple according to the present invention
conpri ses: (1) an anplification step of performng a nucleic acid
anplification reaction using DNA prepared fromthe sanple, prinmers for
_anmplifying an 5intended gene specific for the subject organismto be
detected, and the thernostable DNA pol ynerase preparation according to the
present invention; and (2) a quantification step of quantifying
the anplification product in the anplification step and quantifying the
subj ect orﬁ&HﬁHn1to be detected in the 10sanple fromthe quantification

LESSL?§m°Eta€} Réf'gr R reiod @‘u‘s%’fé’qtqs%gﬁ%é{‘%‘tég% %%5%%%&%&@&2” d
tvih ruses. Ciﬁa%%@ﬁv?'%‘: bifler Be75 et B Te morBREe o bR B 870 1 e
o sui t abl ST EsE BT Bai FRECHRE, M prEThan e P 02 fiafE Bk’ "ot 7

quanti g CanircS’J?dé%:]e ?GVFMQ}PI? fﬁ‘tﬂgf‘ﬁ% oy??ggaédwﬁﬂi B&n :??éd{ﬁé@ faﬁsf ng€tecting the

anplification produc res talned using a reference organi sm

The quanti Bbgéﬂr@d‘, ﬁﬁ%‘ﬂ“@r‘?irﬁ{)&rh@@té@! P@Rnémbﬁﬁf%ﬂbh?iﬂo@@él iQH,éﬁétiufé’d the
nunber of in I f a

ividuals o subj ect organismto be detected in the sanple
and the t okl exesfdddealephatively atidindceBsary i &g sfage o rolideadri on of a

subj ect organismto be detect ed can be uséd as an intended gene to quantify
and i dent i extenisiprstime éortwitichané sotdrPCR atigdlifichtioh paoduataeshnot be sanpl e from
the results of quantifying an 25anplification product of the intended gene.
[0122] extended, but only the inner nested PCR amplification product can be
10 extended. For the method B, the temperature for annealing the semi-nested
primer pair is preferably 5°C to 20°C lower than the suitable temperature for
annealing the outer PCR primer pair.
For the stage a1 of the method B, the primers are preferably present
at a constant temperature in the amplification reaction mixture.
15 [0101]
For the method B, the Tm values of the first primer and the third
primer are preferably the same. For the method B, the second primer is set
in the inner side so that it is semi-nested with respect to the first or third
primer, and the Tm value of the second primer is preferably 5 to 20°C lower
20 thanthe Tm value of each of the first and third primers. For the method B,
the outer amplification products are preferably sufficiently larger (about 300
bp or more) than the nested inner amplification product.
[0102]
Method C: A modified PCR method for the nested amplification of a

25  sequence within a target nucleic acid in a specimen, comprising the following

stages:
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For the nucleic acid froma sanple, cDNA prepared based on the DNA obtai ned
fromthe sanple or further the RNA obtained fromthe sanple can be used.

" RNA may al so be used directly as a subject to be anplified, according to
the particul ar object [0123] Exanpl es of the sanple include a sanple
.which should be in a sterile environnment. Exanples of the sanple which
should be in a sterile environnent can include a specinen sanpled from
humans or donestic aninmals, such as bl ood, cerebrospinal fluid, amiotic

fluid or urea. In 10add|t|on for the sanp a sanpl e provi ded for water
qual ity anal ysi &13dResoaciBen issniegl 'B@%@mPW@%'QHﬁﬁQCtIﬂWIW& for water

Jupply Zﬂ%ﬁﬁéirﬁni%‘ﬁéu%‘é’rﬁeﬁgirwﬁer%é%h%a gsted PRRERPRYY | or vater. hot |
lch 553 1 ood. (52 TooREE o sE TR e, h"@[ﬁr%wefbca?ﬁﬁa bi ol ogi cal
d
andtho. pr RaekE rHRLAFRY ﬂfeeraﬁﬁgﬁﬁﬁﬁ% R A
det eri qf at { et atbenbih %Fé(}%ig\ﬁert]bgé@ﬁkréﬂ%& R-fRLARAER 1 rom a

sanpl e by a onven prepara Ion s provided for the

anpl 1 11 catb@fie? bep is antbllod ERRIAARMY SR0IRAEYUDY AR ot i gt  omoval of

conmponent s ot t han DNA and t he adj ust nent of cgncen ration, as needed.
[0125] 25Pidpestopedichl |y real -tine PCR can be suitably appli ed to the
anplification step. For the detection of an anplification product, various
known net hods c@s3) e precide Fxestpd emglificatot promlcudleemlmréoﬁstagerw an

intercal ator having a | abeling function and a nmethod using a probe in which
a fl uor escisrsubfadbad tmampiiscdiondedctian at aterhpertatute atagdth enlyfa sestedf i cal |y
hybr|d|2|ng to_a DNA sequence to be anplified. Exanples of the intercalator
- 10 inner PCR amplifi catlon product is denatured. Alternatively, it is subjected to
amplification reaction for an extension time during which only the nested
inner PCR amplification product can be extended.
[0103]
For the method C, the amplification reaction mixture includes 4 types
15 of primers. That is, a 4th primer and a 5th primer form an outer PCR primer
pair, and a 6th primer and a 7th primer form a nested primer pair. For the
method C, it is necéssary in the stage ¢2 to use a temperature at which only
the outer PCR primer pair is annealed and extended, but the nested primer
pair does not function. It is also necessary in the stage c3 to provide a
20 temperature at which outer PCR amplification products are not denatured,
but only the inner nested PCR amplification products are denatured and
extended. Alternatively, it is necessary in the stage c3 to provide an
extension time for which the outer PCR amplification products cannot be
extended, but only the inner nested PCR amplification products can be

25 extended.

[0104]
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5i ncl ude et hidium brom de and SYBR Green |I. The intercalator is preferably
~SYBR Green |I. Wien universal prinmers, reacting with all bacteria DNA are
used the SYBR Green Ito be used is preferably high purity SYBR Geen | in
whi ch contam nation with reconbi nant host-derived bacterial DNA is
.mnimzed. 10[0126] "For this nethod, the anplification step is
preferably performed under conditions in which the anplification of an
uni nt ended gene other than an intended gene is suppressed. Methods for the
suppression of anplification of an unintended gene include, for exanple, a
Hot Start met holior theveethnd @sthestempensiure fgrrnncatiag dhe aeﬁtedmﬁmernvm Vi ng
addi ng a substance blndlggﬁto a prinmer dinmer to a sanp and a net hod

i nvol vi ng Hétﬂﬂ%@reéer@ti’éhﬁ 0 uHsiowrrdhanthe ﬁU'ﬁ?‘%t%{ﬁBﬁa’fW@a{Pf on sol ution
cont ai ni ng a@% sta E%p nerase. The Hot Start nethod is

pr ef er abl e@ e'iﬁ B?'f- met hod i nclude a method using an
anti - DNA pﬁ%wgﬁ‘sase antl body and a wax 20 met hod invol ving separating the
enzyme and rs until wax reaches the nmel ting tenperature. \Wen the

ggnigﬁrgrél;%ngnﬁpggﬂy@ ggér (Fa&ﬁer a %?T gr?%%ﬂ‘le%cegsa %&g% e ?&e e%g;pgsghe
is inhibit S%Ht %ng% H%%[ﬁg%ﬁ‘f&%%é ”E])[ ]fa hﬁ%%tﬁﬁ{d%‘éﬁfﬁr}?hﬁxtw Ils8| %/I on, the

anpl i ficat ir@h@ﬂ%’@ttHe?ﬂ%LlPdMé bi 84cHYf tﬁerBlH‘té“?ﬁPbﬁhﬁeF?Fs @fetrQb[ nabl e

sinple quantification with high sensitivity. The hon-display ne hod is a

met hod whi §4C k1 204Q gSwérethefithaidofiddhasheé Yte )t Slﬁgarﬁﬁ@f(éuqiorllﬁélﬁietﬁ@@dl tions
in which the anplification:-product of an intended gene is put in a

Sdet ect abl €, HeaTm asides bethengthitd iStaprimer arslpaferablyathé Sanes. eRbr thel nt ended
gene is put in a non-detectable state. [0128] Specifically, the
condi ticonsmethach@pthiengmt veduee bt Gth tof7 th pemenpaid prederably thecdoe. of t he

i ntended gene without detecting an anplification 10product of a di fferent
uni nt endedFoethe methask, the: outer amplificationerrpguctagre peefprabiy suffisientlnat t he
melting tenperature q%qu of the intended gene anplification product is

hi gher tha\@rgere(ah@ut Y bpanmeera) than (hemmsted innee ampliicatienerogiats.

anplifi catd Eroduct and (2) carrying out the quantification
of the arrp 1PPtat i on product at a 15 tenperature between TmA and TnB.

[0129] <Masked Primer Dimer Method>

15 In typical PCR condition setting given below, the fluorescence
detection point is set at 72°C after extension.
- Target temperature: 94°C, 55°C, 72°C
- Incubation time: 10 seconds
Temperature Transition Rate: 20.00 [°C/s]
20 - Cycle number; 60
Then a primer dimer (pd) is detected using distilled water (D.W.) as
shown by an ampliﬁéation curve in Figure 13. At this time, for example, a
melting curve in the detection of E. cofi shows that the Tm value of the primer
dimer is about 76°C and the Tm value of an intended (E. cofi) PCR
25 amplification product is about 91°C (Figure 14).
[0107]
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The non-display nmethod is suitably applied to a real-tinme PCR nmethod using
~a display device for displaying the anount of an anplification product for
the anplification of an intended gene and the quantification of an
20anplification product. The use of this nmethod nmakes the anplification

. product of the unintended gene non-di spl ayed on the display device in
quantitatively analyzing the anplification product, which enables the
etimnation of the influence of the anplification product of the unintended

sene, o0 oSt ekt FShheris g St I S TEPIBIARRE: oL ¢ o
R i PR bl 0 B 5 The T OB iR P20
Wien a priggg ﬂ@ére’séeﬁé%ﬁg@%cﬁgﬁ Rgﬁ{mi'b p}&aéétoé’f a‘%ﬁf’ﬂ% mEB%ﬁ%aﬁ’u”et he di mer

is formed, making I Mpossi nitoring or quantification of an

ampl i 11 cat irftoBéaief(retexaihib ot 85 PMe RIbWiniidrfitRihe) fiqputd Fo.0ccur rence

of a prinmer diner, tart method an e non- pFfay nethod is

pr ef er apl YtHéSt%ﬂ'lpertlﬁé}naEptgé thet 24hy e hstdd oCaftdr dxerssiom). et el y inhi bit

the formation of a priner dimer. Even if various nethods for suppressing

the formation of Target temperditirer 9a*E, 560, 72p0esg°@re cases that a priner
dimer is detected in response to an increase in the nunber of PCR cycl es.

This is a contrilpgubation ima: 1 0dectnd (I4*CL BE°CLNBIC); Midecondl (860Nt i tati ve
measurenent using real-time PCR 15 Even for qualitative analysis, it may
be necessary t o beloperaiutecicansitiore rathi 20.001%0dsyes checki ng a Tm val ue
(melting tenperature) in each neasurenment to exclude "fal se-positivity" due
to the primer di@eelequme 60nlike a conventional method for suppressing

the formation of, a 20prjner diner, the npon-display method is, a nethod
i nvol Vi%ng maki n§NEMNG RLIMe digler ds ﬁ%ﬁecﬁ%-lﬂ?@ﬁﬁg)}@%pﬂa‘eﬁﬁ’gﬁﬁ'sm%r Di mer

et no) e Ao R BN & T,

value. [ Ols’c%merase preparation of the present invention can provide an amplification
curve indicating no émplification using distilled water (D.W.) as shown in
Figure 15 (A).

15 [0108]

The combination of "non-display method + thermostable DNA
polymerase of the present invention + bacterial universal primeré" enables
the measurement of a bacterium to the detection limit (Figure 14), and has
been shown to be capable of quantification accurate to the detection limit

20 since the standard curve shows linearity to the detection limit. Namely, it is
made possible to quantitatively measure bacteria with high sensitivity and
accurately by the real-time PCR method using an intercalator only after
adding the masked Primer Dimer method to the present invention.

[0109]
25 <0One-Step Nested PCR Method>

The following primers are designed (see Figure 11(A)).
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25To performthe masked Priner Dimer nmethod using real-time PCR the
follow ng conditions are set: (1) The prinmer is designed so that
the Tmvalue of a PCR anplification product providing a target is higher
than the Tm val ue of the priner diner; and (2) The tenperature
in the detection of the anplification product during sreal-tinme PCR is set
at the nedi an val ue therebetween. [0134] The setting of the above
conditions dissociates only a doubl e-stranded priner dimer into single
strands in the detection of the anplification product. In detecting the
anmpl i fication pradie ThacAlweeokioryageandrexerse pimegsefasaneuterBGter for not

det ecti i | e- st ded DNA b t] | y doubl e- ! ded DNA,
detect 70, o OBL P SRR, B B Jetact o ool v dpubl e oL dpded D
KGRI Y 1T T ERT SRR AARIE T R R
prov Sed. b BG4 R ol BRI By, on, 2 S spl deviee’ T
nor a1 219 2 188 ARLALKEAR CLRY Bosli003 8L IPRRLS T on o st

that it isysiiof ba o0 Idibengbe 8f PIFprREEILE e ateppart oduct

providing a target 1s higher than the v e priner mer itself.
However, thedadegsi gn of prinmers may be perforned so that the Tmvalue of the
PCR anplification product providing a target 5C higher, preferably 10C

hi gher than t he(d)mheadrimensfarchiesitrigteso thatete atrpitfidatiohhsrodiotividhasea of t he

anplification product is set depending on the nmeasurenment 25 system used.
length of about 400 bp or more to set the Tm value of the outer PCR product
10 (amplification product |) at 82°C or more.

(e) The primer is designed so that the amplification product Il has a
length of about 100 bp to set the Tm value of a semi-nested PCR product
(amplification product il) at 86°C to 87°C.

[0110]
15 When more specific nested PCR is performed, the following new
primers are designed (see Figure 11 (B)).

(a) The Tm values of forward and reverse primers for an outer PCR
product (amplification product I) shall be the same or close .tO each other.

(b) The Tm values of two nested primers (primer II) are set at

20  sufficiently low (by 5 to 20°C) compared to the Tm values of the primers for
the amplification product 1.
(c) The primers are designed so that the amplification product | has a

length of about 500 bp or more to set the Tm value of the amplification

product | at 88°C or more.
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Speci fically, (1) Primers from fromwhich a prinmer dinmer is
difficult to be produced, are designed by a conventional designing nethod,
"(2) The design is perfornmed so that the Tmval ues of priners thenselves are
60C or |lower; and 5(3) By calculation using a nearest nei ghbor nethod, the

_design is perfornmed so that the Tmvalue of a PCR anplification product
providing a target is about 87C or higher. [0136] The size of the
anplification product obtained by anplification using 10 these prinmers is
not particularly Iimted provided that it is a size designed so that the Tm
val ue of the prbduthe PAMErYy AL designed pathaithe gaplification arqauet [1hasig

However, the pri rs a preferabl yv. desj gned, so that the size thereof is on
t he order %n@@og‘ébgét ﬁoﬁ})&?%ﬁ?ﬂg?ﬁ%@l”ﬁhﬂypféhe@ﬁﬁ] cﬁé‘?ﬁ B[?dz“\ﬁﬁ,l are

sui tabl e f@éoﬁn@bk%cati on using real-time PCR 15[0137] The

fl uorescen é t¥on tenperature during the real-tinme PCR may be set at

Lhe e an vl Ut A BARCE TR AN o e EERUAEBNA bR B PERAUC!
Ty have an AGGE idduth OBt A5h R 108REe I0ECITRL AR VARldiSr tied- TN the 20
of- the nedlian Vv ue,

range of 1 to 4 dependi ng on the extent of the Tm

val ue di ffgﬁwﬁ@atpﬁ{mguc{sgﬁ PV &t &R GmBFoduct and the primer dimer.

However, the uorescence detection tenperature is preferably set at a

t enperat ur pfag]l ow as possible in the above range, considering the
stability of the double stranded DNA. 25[ 0138] The real -tinme PCR
usi ng an inter cg)dMethodeyr Detectind Subject GrgapishmiaBe Datacdtedhe | i ke which are
generally known; for exanple, real-time PCR using SYBR G een | as an

i nt er cal at (DetestioreMsatloodd. [ 0139] The use of a masked Prinmer Dimer
met hod can perform quantitative analysis w thout reducing sensitivity and
el i mi 4t es t he Theetdctioalretheddor 8 slubject geganisra to berdstectedwn ai n

gual itative exam nation, because the formation of the prinmer dinmer becones
no | onger &MPIFRGHAEAINGAP theyereseat INvEREOPCRMPESIHEY usi ng an i ntercal at or.

In addition, the nethod of the present invention.s |, ) .
F‘I) an amphf?catlon stgp o? perfom?mg a nucleic acid ampilification

reaction using nucleic acid prepared from the sample, primers for amplifying
an intended gene specific for the subject organism to be detected, and the

15 thermostable DNA polymerase preparation according to the present
invention; and

(2) a detection step of detecting an amplification product of the
intended gene in amplification products in the amplification step.
[0112]

20 For this detection method, the amplification step is preferably carried
out under the suppression of amplification of an unintended gene other than
the intended gene. A Hot Start method using an anti-DNA polymerase
antibody can be preferably used for the suppression of amplification of an
unintended gene. In this regard, the anti-DNA polymerase antibody is

25  preferably used in excessive amounts based on 1 U of the thermostable DNA

polymerase.,
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| o sinple and econoni cal conpared to conventional nethods such as a Hot
~Start method using an anti-DNA pol ymerase anti body. [0140] The
non-di spl ay nmet hod enabl es neasurenent to the detection limt; in addition,
since the standard curve shows linearity to the detection [imt, it is
.ismade possible to performaccurate quantitative nmeasurenment with high
sensitivity by the real-tinme PCR nethod. [0141] (Quantification of
Subj ect Organismto Be Detected from Anplification Product Using PCR
Met hod) 20For the determ nation of the amount of a subject organismto be
det ect ed ([O4dBLdi ng the absence thereof) fromthe anplification product,
there can be prefehgg%ioused a nethod for determ nation based on a standard

curve obtai ned TheAPIGREIORMRMOBIEMeOscanietseiineamriifigalior Riadiche _
out - 25For OIdRa HiBdef 0o R et SEfsHN B Ao UiGaon FISAYSt cha BBSTERE oo | 5
R e

addl &1 6n_ SR o SHafifaRie 88iecllon B B AR B CnPb AR et o ep to the

prot ocol ¢ t I £0n: | LMV RY) (e.g., to
Bbout 60 op et oo o RAREact o | ol AUl o .0
extrenely [(Higanbe¥eerefare. 98001 CFU/ m . The detection sensitivity capable
of being set can be cal cul ated in advance. For exanple, for the

quant i fi cati on ({ydediing el ginersaio thit e MblIMgIERPkaNFS YTHBEdTaRe! of

gquantifying a subject to be detected", because the PCR detection
sensi ti vi tipgtepidedrgerer saplifioatiorpsodwst idhigher trar thelielting Remporhtufee PCR
i odetection sensitivity of universal primers for fungi is 10 pg/p.1, the
f ol | owiong (Tt es the Lihinbendelat geneeamplificatignaprodusteandon formul a for
conversion to the unit of CFUn and further considering that 50 m of a
sanpl e is first(2pehimgingzed aamplification presust del@ction BNa tempeeaitiicon:
between Tm* and Tm® to detect only the amplification product of the
intended gene.
[0114]
15 In addition, a method can be used in which the amplification step and
the detection step are performed by real-time PCR using a display device for
displaying the amount of an amplification product and the amplification
product of an unintended gene is not to be displayed on the display device.
[0115]
20 A labeled intercalator for detection can be used to detect the
amplification product.
[0116]
The detection step can be performed by developing the amplification
product on a gel. The amplification product can be developed by gel

25  electrophoresis for visualization.

[0117]
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bacterium 3.0 x 10-1 CFU m isfungus: 2.8 CFU m . The detection
_sensitivity can be varied by nodifying the protocol. [0142]
(Quantification of Subject Organismto Be Detected from Anplification
Product Using CGel Devel opnment Met hod) 20An anplification product (including
.that obtained using a Hot Start nmethod) can be devel oped on an agarose gel
or the like to sinply quantify a subject organismto be detected by
fluorescent intensity in the detection of fluorescence, or the |ike. [0143]
25( Met hod for Deterninin? Presence of Bacterium . The t her npst abl e
DNA pol ynerase &XeBiRiengl the subieds ceganismitakendetertedpandnslydOneert abl y used

for the foll owi ng nmet hods. ) A nmethod_for, determning the presence
of a bact er“P’?n?fi”%PrS sbeéqf:gggfrogbmrgrgpﬁ&pn&shng of[)@cit)eng, NF5@Nghml i fi cati on
step of performng a nucleic acid anplification reaction using priners for
ampl i fyi ngVEH®$$t ended gene specific for the bacterium (B) and a

preparati Oibﬂcq?t aining a thernostable DNA pol ynerase produced using
eukaryotic'tells as a host; and (2) a step of visualizing the

anpl i figation PWQ%e%t&&%%tﬁddértthé@ r{tfir'ﬁxfe%ibﬁ%aﬁt ?e\}@tﬂbei n the
priners (B) is: a prinmer s capabl e of ‘anplitying a plurality of
regions of qohetidhof aRihsas %i%o?ddnii}ﬁ‘b‘f%h:‘iﬁfe%ﬂgnmé%@l@%ﬁ%?ﬁ ng all or

1/3 or nore of each of the base sequences of the above priners. 15[ 0144]
Cel el ectr gBh&IiGS). Sinr@dd[itl(img?@de@%tian wRithed of He piesuat invbhAtort BEn be

anplification product.

suitably applied to a sample which should be in a sterile environment,
selected from the group consisting of blood, cerebrospinal fluid, amniotic

10 - fluid, urea, foods (including a food processing environment to be subjected to
contamination analysis), beverages, cosmetics, and samples provided for
water guality analysis and contamination analysis of biological experimental
environments. Examples of the sample provided for water quality analysis
can include tap water, water from water storage or water supply tank, air-

15 conditioning circulating water, humidifier water, hot spring water, or
swimming pool water.
[0119]

In the detection step, the amplification product of the intended gene is

quantified, and the quantification results can be used to perform the

20 quantification of a subject organism to be detected in a sample; the
measurement of the number of individuals thereof, the monitering of the
amount present thereof; and the quantification/identification thereof. The
guantification method for a subject organism to be detected in a sample will
be described below.

25 [0120]

(Quantification Method)
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(I'') A nmethod for nonitoring the ambunt present of a bacteriumin a
~20sampl e, conprising: (1) a first anplification step of performng a
nucleic acid anplification reaction using prinmers for anplifying an
i nt ended gene specific for the bacterium (B) and a preparation containing a
. thernostabl e DNA pol ynerase produced using eukaryotic cells as a host; and
25(2) a step of digitalizing the anplification product in the first
anplification step, wherein the pri nmers (B) is:- (B) a priner set
capabl e of arrpllfyl ng. a Iuralltfy regi ons of the 16S r RNA genes of all
bacteria and prilfergethestfor gragtifsing Q)?Ubll?%t Foanisretodpe datastedt iNtdhe base
sequences of the above | An absor bance- neasuri ng
met hod or H@r‘\%?’?%‘?@ﬂqp tﬁétﬂﬁﬁﬁp'{{é@v%ﬁ'oﬂs@(@"%{?% met hod for digitalizing
t he arrpliflcatl r odu 0147 ntificati nlldentlfl lOI’l met hod)
10The quantificgﬁ%ﬁ W&?hﬁﬂi r}%tﬁbgq‘géﬁf)g@pgo? BH qu aHB’“ﬁ éocpted in a
sanpl e can d and
OSCtRRIiG C(_‘%’Dt(% gl%éré?{j r%ﬁ‘leﬁ%e{%ﬁ@ Brifrdfs ﬂ#% f;ﬁha%n

identifying a subje ni'sm

quanti fd ca rﬁteﬁéé&’ BhéTs Béagg?éf)tﬁétégﬁ%& 8fadh %‘B%tdéié&%ﬂ' §HE? ki be detected

|nasarrpe corrplsm |cat|on step of performng a

nucl ei ¢ acibriBalatie eNA R nﬁ’@rfa%é‘b’ﬂe;&éﬁ'bﬂén% RPRIAd dreggit he sampl e

prinmers (B) an or “aripl 1 fying anlntend gene specific far the
subj ect or gw@hﬁahtqu)e detected, and the thernostabl e DNA. pol ynerase
preparation according to the present invention, 20(2) a first

quanti fi cati on/ {Zentjuéniifidation stéepf @iammhgzm@gnmluﬁmnmdaot in-the

amplification step and quantifying the subject organism to be detected in the
10 sample from the quantification results obtained.
[0121] _

The subject organism to be detected may be any organism having a
nucleic acid for transferring information; examples thereof can include
bacteria (eubacteria or ancient bacteria), fungi, and viruses. The

15 quantification method of the present invention using the thermostable DNA
polymerase preparation according to the present invention is suitable
particularly for the quantification of bacteria. The quantification can be
carried out by comparing the results of detecting the amplification product
with the results obtained using a reference organism. The gquantification

20  method of the present invention can quantify the number of individuals of a
subject organism to be detected in the sample and the total mass thereof. In
addition, a gene for identification of a subject organism to be detected can be
used as an intended gene to quantify and identify the subject organism to be
detected contained in a sample from the results of quantifying an

25 amplification product of the intended gene.

[0122]
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of melting tenperatures (Tmvalues) of a plurality of anplification
_products (3 to 10 products) in the first anplification step based on a
conbi nation of nelting tenperatures (Tm val ues) specific for an
anplification product of the intended gene to performthe
.quantification/identification of the subject 25organismto be detected in
t he sanpl e, (3) a second anplification step of performng a
nucleic acid anplification reaction using DNA prepared fromthe sanpl e,

RN o e
i i . 4 .
quant i 1 c;?’bg?ﬁf/‘?a%@Rﬁcﬁ%gﬁjmm%'%s%ﬁaaﬁ%%th&@ﬁﬁquﬁﬁ'”gd B S i ng
. o : 3
ormer At 85 ok AT Sl AL P20 B Bl b St s (3 o
mel ting teggg&zaﬁ @sthgllﬁgrt{a]glgp?%e peci fic for an 10anplification product of
e o guantiiy

the intend gen e anplification products in the first
quanti f4 catdemi dentification step of quantifying and identifying the
subj ect organl Jmto be detected and the second anplification step to

perform the quapkhfiptéd bPitel stpRblefihdladée ars=phplk ehisiBhegH L iansterld o be
detected in the sanple fromthe quantification results obtained, 15wherein

the primer en(ifdnmém) BxampMs ditlee sample whiBh shauld berin sedtertigpabl e of
anplifying a plurality of regions of the 16S rRNA genes of all bacteria and

primers coehdronmegniaddn imclude3a specimea sam@eadtirooh huhransageloseeptiences of t he
above priners, (F) a prinmer set capable of anplifying a plurality
of regi onsanimalbesuda blaoRNserpbrespimaldiuid, famjptia fididpri ureas Imont ai ni ng al |
or 1/3 or nore of each of the base sequences of the above prinmers, and (M
a prinet saddig§paciorithesaypland sagplepravidadipbvatar sualtyi analysie cgabe
according to an_epidem c, of the tine such as a nec A gene_exhibiting

met hi ci | li Hsegsﬁggg}p&;s_ o&ﬂgp@ﬁ@mle provided fqrpyatgr quality analysis can

quantificati ?n identificati o? nmet th for a SUbé ect or :imi sm.to be detected
in a sanpl B¢ pi\ggtﬁé:water rom water storage or water supplg ank, air-

conditioning circulating water, humidifier water, hot spring water, or
swimming pool water. In addition, for the sample, a sample such as a food, a

15 beverage, a cosmetic, or a cell culture in a biological experimental
environment can be used in which organic matters are contained and the
presence or proliferation of bacteria or fungi results in the deterioration of the
quality thereof.

[0124]

20 DNA can be pfepared from a sample by a conventional method.
When a DNA preparation is provided for the amplification step, a DNA
preparation can be subjected to the removal of components other than DNA
and the édestment of concentration, as needed.

[0125]
25 PCR, especially real-time PCR, can be suitably applied to the

amplification step. For the detection of an amplification product, various
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(1) a first anplification step of performng a nucleic acid anplification
_reaction using DNA prepared fromthe sanple, priners (B), for anplifying an
5 intended gene specific for the subject organismto be detected, and a

t her nost abl e DNA pol ynerase preparation according to the present invention,
.{2) a first quantification/identification step of analyzing a conbination
of nelting tenperatures (Tmvalues) of a plurality of anplification
products (3 10to 10 products) in the first anplification step based on a
conbination of nelting tenperatures (Tm val ues) specific for an

anpl i fi cat ikBAWPrBeEiiieds santeused chuempipsibetasf fralds mreefbod using an
quantification/identification of the subject organismto be detected in the

sanple, mt_er cajajer Ha‘_é’BE@r{é?ﬁmﬂ functian apd amenQst UgBg ARMRPAIN &’*}'ﬁfh? eic acid
T A Bl

_ S?C;ﬁ;: u’rzni 4 g&ﬁg@tet,o a.| D ) Seq%ncgqg%ﬁapﬁ%gﬁtEfﬁl@aﬁ%so#{l/tﬁ%gﬂ?wfag% i gn step
ol ural i1y SO PARTEeRe Bh B Bhes Ry M HierEs iy RisteBbin

anp i 11 cat isyRed tBeRTS O Ay EAZP BRI NebIR it HRESREDAIERS (T

val ues) spe an anplificatlion pro he T ntended dgene to

quantify th Lidygrtd rtePeclised i9 S010 $i ; ;
qgquanti fi cat iggﬁ'lmﬁde%\t i ?i%ﬁé}ngn st eps'iacﬂcI qﬁagﬁtriélgﬂggr} Plé%tthl\F?/ﬁ{r%regg ltlrr"\e

subj ect or gaidretdritameatitel With escarisinahiehsst e @ Mactdriat XINRE step to
performthe quantification/identification of the subject organismto be

det ect ed i minidzesdinpl e from the quantification results obtained, (5)
athird anplification step of performng a nucleic acid anplification
reactiion ufdMRPIDNA prepared fromthe sanple, priners (M, for anplifying an
5i nt ended gene specific for the subject organismto be detected, and a
t her nost abl e DNRopHiy mstheed, tbeamliijvpatb@n stapos gireigrally pegdopned emder nvent i on,
and conditions in which the ampliﬁcatioh of an unintended éene other than an
intended gene is suppressed. Methods for the suppression of amplification
of an unintended gehe include, for example, a Hot Start method, a method
15 using modified primers, a method involving adding a substance binding to a
primer dimer to a sample, and a method involving adding a chemical
substance into a éene amplification solution containing a thermostable DNA
polymerase. The Hot Start method is preferable. Examples of the Hot Start
method include a method using an anti-DNA polymerase antibody and a wax
20 method involving separating the enzyme and primers until wax reaches the
melting temperature. When the method using an anti-DNA polymerase
antibody is performed, the anti-DNA polymerase antibody is preferably used
in an excessive amount exceeding the amount in which the enzymatic activity
of the thermostable DNA polymerase is inhibited by 100%.
25 [0127]

(Non-Display Method)
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(6) a third quantification/identification step of analyzing nelting
_tenperatures (Tm val ues) of anplification products in the third
anplification 10step based on a conbination of nelting tenperatures (Tm
val ues) specific for an anplification product of the intended gene to
.performthe quantification/identification of the subject organismto be
detected in the sanple, wherein the priners (B), (F) and (M are: 15(B)
prinmers which can be selected fromthe group consisting of a priner set
capabl e of anplifyi lurality of regions of the 16S r RNA genes of al

bacteria and prlmégﬁfgﬁg_ﬁiﬂﬁ‘ﬂm&%t@n 6?90%9‘33550@“%‘{@1@5’ %a@h-d(b‘-’rp%he base

o b consMEHo P EPIo BT R asbf CalRsLEIIE N SERTHY: IS IRt y of

regions of the 18S rR ene, of all fungi. and priners.containjng,all or 1/3
 melfiad B2 FieinadSBedudives céiRnRdhe B RiGrEpot g ot

?Ir\/prrgrgrio S £ I au i Tyl a n il?' E)i resi st gene

et acti ngeenonSiiFh et mineRaterl Bl of B o as s it &g

thicidli ' e ' 16| ' f th
o esent app SR St Bid the Biblingation prodlEFSY Sfrdt dfiehBieigehgn > 1"
primers Coﬁ?qttir‘\‘b'rﬁﬂw-&?@ﬁta%?éQf“a‘ieset need only to have no | oss of function
al ‘prinmer (the '

~as a univer unction of recognizing a particul ar conmon
regi on); epaPB| es t hereof can include prinmers each obtained by deleting or
adding 1 to 3 bases in each of the base sequences designed as universal

primers. [0150]Specificallyi thescaridifieisadl endbiingahe deteetidA ofitfid i fi cati on regi ons
as anplification regions of the bacterial 16S rRNA genes. It is also

pr ef er abl eamplificstiod grodact df@hepitefdehgena witbgubdsteatingamlamplificetiom r egi ons
of the 18S rRNA gene of fungi.
10 product of a different unintended gene are set by:

(1) designing the primers so that the melting temperature (Tm?) of the
intended gene amplification product is higher than the melting temperature
(Tm®) of the unintended gene ampliﬂcation product; and
| (2) carrying out the quantification of the amplification product at a

15  temperature between Tm” and Tm®.
[0129]

The non-display method is suitably applied to a real-time PCR method
using a display device for displaying the amount of an amplification product
for the amplification of an intended gene and the quantification of an

20 amplification product. The use of this method makes the amplification
product of the unintended gene non-displayed on the display device in
quantitatively analyzing the amplification product, which enables the
elimination of the influence of the amplification product of the unintended

gene on sensitivity.

25  [0130]
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[ 0151] In addition, a reference Tm val ue can be nmeasured in each
~cycle using any one of "a prinmer set capable of anplifying a plurality of
regions of the 16S rRNA genes of all bacteria and a set of priners
containing all or 1/3 15 or nore of each of the base sequences of the above
.prinmers" to add a step of correcting the neasurenent error of the Tm val ue
of the anplification product for neasurenent wth higher precision. [0152]
For an algorithmfor identifying the subject organismto be detected, 20
not only a conbination of the Tm val ues thensel ves but also a conbi nation
of differences bettheininieadeehgparuthe Ratticyar nelemds aipfenenidimest i on to add
a step of n‘inin‘iz;qr}g t he ir‘R‘IIuence of nmeasurenent errors, [0153],

"Cal cul at i W'&MEeATBP YT HNA PECRYREITPM AGRNRRIE 19 Vo 283!l 1PBRbISne 25 the
relative val ues, of the Tmvalues to the ayer val ue" can pe used as a
et hod T or BRESERLE g ee SRR BB Ress o H1e 0 BAuH Sheies FameRE stie of a
device wt JLequl.r] = easur,i ndard Tm ue_in each cycle".
el y, 1 (e AR 6E B R R WhBn SRS Bler RSB A Tone of Tm
values d s 35 a - iy r.d Jficat]

t wo- di %ns#@ﬁﬁ'%'@%@m@%ﬁtﬂ Sféa(aaordrg’%grﬁé}r?grr\t?@%d{&tg Hé%%g'rpﬂslﬁ%%g'r%e g}e the Tm

val ues | s ARhIBHE Bt BloRficaRar bf SHEMpIFIRBEES prélct BB & pd e condi nat] on

of Tmvalues (n Vv specific e subfect organismto be detected

consi sts obsserkglly Hetebtdtf bFédhedataRas oF adfndrmee! ki stalues to the
average value thereof be d 1db to d ndb, respectively (Figure 11(C); the

case of n methddard/or ﬁienhcbraalswaytrh@trm@rﬁbipneirekm¥@fsea.m val ues (n values) for
an unknown organi sm 10 to be detected obtained froma sanple consists of T

lref to T [me&fl](ref = reference) and the relative values to the average
val ue thereof be d Iref to d nref, respectively (Figure 11(C)). Then,
conpartioson wi t hit isextcamelyatiificult tgpeompletely inkibil dee formatiap of expriveed on of the
conbi nation of the relative values thereto = the simlarity of the "shape"
of the arr@iRyeerentvest if vAgoWs Metheds on suppressing the foeamaiion ehRpemer as an
identification algorithm Thus, the organismfor which the result of the
cal cul at i ofiMes e Used] ihes prg ¢zafthat apripesidimer is detectgd in respaRse1’ 0) 2db-
D2 2+. . -+(ndp -Drref)21
reo to(ann %creasréein)the number of PCR cycles. This is a contribution to a
reduction in the sensitivity of quantitative measurement using real-time PCR.
15 Even for qualitative analysis, it may be necessary to adopt a technigue which
involves checking a Tm value (melting temperature) in each measurement to
exclude "false-positivity" due to the primer dimer.
[0132]
Unlike a conventional method for suppressing the formation of a
20  primer dimér, the non-display method is a method involving making only a
primer dimer non-displayed (a masked Primer Dimer method), and has been
completed, considering that "the primer dimer is small as an amplification
product and therefore tends to have a low Tm value".
[0133]
25 To perform the masked Primer Dimer method using real-time PCR,

the following conditions are set:
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20is closest to zero can be identified as a wanted subject organismto be
_detected. The above al gorithm can be used as a database-type identification
software on a conputer. [0155] The nethods (A) and (B) have been
fi.rst acconplished by applying the 25results (W2007/097323) to the
.quantification technique achieved using the thernostable DNA pol ynerase
preparation of the present invention. The results (W2007/097323) was

obtai ned by intensive studies of the application of the difference of Tm
val ues anong strains to the identification of a subject organismto be

det ect ed, based(bnThepringeisdesignad sathadthg dm walke of e BeRamplifiggtion
tenperature (TITm val ue) depends on the base sequence' for, the nearest

nei ghbor nBIGS P[Q)’i‘%@? aTiREIRt '?TEEHSEI £ P%@@!}&Pfﬂh@aﬂr!mﬁrﬁ@@ﬁi bed bel ow.
(1) Bacterial 16S rRNA are known to have 7 to 10 base sequence i oregions
(20 to 40 B2es) comon to alnost all bacteria. [0157] Forward and

16" gene bl 111 g Eiafite W #astooftn ot Bhbircafbs Brod i PLERG . ° '
regi ons eaf%é“f@i?nﬁ@ﬁ @Lse?%?me Hqgglatnovﬁgggieﬁag?@ﬁe%n and each of the regions

excl udi'ng nserved regions, pfinmers are set, have a
base sequepﬁ?4?pecific to each bacterium [0158] Thus, the Tm val ue
reflects differences in the base sequence to show a characteristic val ue,

and each bacter THg‘sbﬁirfaséfitH@taﬁévé@oﬁ@?ﬁ@néd?s%oé@t@ﬁéﬁ?%ﬁéa%irbﬁdgd“ val ues.
Therefore, the Tmvalues ranging from1l to 10 depending on the types of

bact eri a apgmexdimasstd sihgleostiridatih die abtettidnof ifs amplificatidatpgbaast. can be
used to identify an unknown bacterium [0159] _
In detecting the amplification product (double-stranded DNA), the use of a
10 marker for not detecting single-stranded DNA but detecting only double-
stranded DNA, e.g., an intercalator, makes the bonding of the intercalator
impossible, because only the double-stranded primer dimer is dissociated
into single strands. As a result, a detection signal based on the primer dimer
is not provided. Only the primer dimer is non-displayed on a display device
15 (such as a monitor) and the intended amplification product results in the
normal drawing of an amplification curve.
[0135]
When the non-display method is used, the design of primers is not
pariicularly limited provided that it is such that the Tm value of a PCR
20 amplification product providing a target is higher than the value of the primer
dimer itself. However, the design of primers may be performed so that the
Tm value of the PCR amplification product providin_g a target 5°C higher,
preferably 10°C high.er than the Tm value of the primer dimer itself. The Tm
value of the amplification product is set depending on the measurement

25  system used,

Specifically,
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(3) In addition, 3 to 10 prinmers specific for fungi are used in
~25conbination with priners for an antibiotic resistance gene reflecting an
"spread epidemc of the current tine such as a nec A gene exhibiting
methicillin resistance to identify bacterial infection or its type
_(including the presence of an antibiotic resistance gene) or fungal
infection or its type with respect to an unknown causative agent.

(4) Wien a non-specific gene product is produced and has a value close to a
desired Tmvalue, the risk of false positivity occurs.

( [ ] ) 0160 I n
such a case, anpbifffirears eMmpireauwhishs P%’Pebgﬁﬁ‘%erdﬁﬂ‘fﬁﬁliﬂttgtb%ﬁ;%?ege run
t hrough an_agar qse é;gl to con{.ir (ﬁﬁge Size ?f )ands to doubl e-check the
results. | 8T%§%S;L'?”e y a Gayen '91”%? NS A h%‘gst em for doubl e- checki ng by
detecti t i liflcati b dopt.ed i th
8 ety o, e b ladoAEOSOBIMALL Bk S MCeRERIGRA Y P 0v® (1
At o Lifi \ q be al
posi ti vi tyth%l'r’r%%th?es[aae%oigﬁﬁlcfow& Auplification product can be al nost

conpl etely na e conbination of "the method of solution of a

pri mer di mer mkﬁg{w&!ﬁ@ﬁaﬁ USiriZRee KEEreRt hIRRLE AN RO Bedighiie

t her nost abl e ymerase preparation o e present Tnvention +

uni ver sal  pafremied §9thdrars i 2alue 2 DRER] amplificatioh Prodii@ibréidingtd me PCR i's
adopted as a gene anplification nethod, the quantitatively thereof can be

used to pefargétTs tabeut 874t o¥ Righieant i fication of the bacterial amount before
and after treatnent to inprove the nonitoring of a therapeutic effect.

25[0164] [0136] (6) There are two types of real-tinme PCR devices: a
heati ng bl ock-type one in which the tenperature is controlled with a
heati ng bl ock anhke sizeadfithesmplifieatiorepiadushobiaindteby ampdificationeusisg control | ed
via air. A Tmval ue neasurenent error of 0.1C to 0.3C (which varies
dependiong besempsimers is not particularly limited provided that it is a size designed so
that the Tm value of the product is higher than that of the primer dimer itself.
However, the primers are preferably designed so that the size thereof is on
the order of 50 bp to 1,000 bp, preferably 50 bp to 500 bp, which are suitable
for amplification using real-time PCR.
15 [0137] '
The fluorescence detection temperature during the real-time PCR may
be set at the median value between the Tm vaiue of the PCR ampilification
product providing a target and the Tm value of the primer dimer; the median
value may have a range in the neighborhood of the median valug, e.g., in the
20 range of £1 to £4°C of the median value, depending on the extent of the Tm
value difference between the amplification product and the primer dimer.
However, the fluorescence detection temperature is preferably set at a
temperature as low as pbssible in the above range, considering the stability

of the double strandéd DNA.
25 [0138]
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S5manuf acturer) occurs when the heating bl ock-type is used (the error
between sanples is about 0.2C in the sane neasurenent cycle). It is
'preferabl e to adopt a nethod using a difference pattern between the Tm
val ues in the same neasurenment cycle for determination so that the
_mreasurenent error does not disturb the strain identification. On the other
hand, the airbus-type 10Rotor gene 6000 (Q agen Inc.) has a tenperature
uniformty between tubes of 0.01C, which is preferable since a Tm val ue

measurement error |ess easi I% occurs. [0165] (7) I'n the case of
i nfection wth dhgliregblimeyP@ usmgennmerdaﬁatanrtr@yuseea dsdiseeadi ng of 'the
anplification curve by real-time anplification cycle is stopped

once a pl ateshniqus, ﬁ@ﬂdh@&kﬁﬁd“|QW1@rqgﬁWaU%§n@W€ niexampistreg-nal yzed, only

"a mcroor ISI’UWI est I nfecti e dose robably the maj or

i nfecting Hé'r”@a#?@%) | 3pan uREGAateyis ’P@é@@'}e‘gOThe primers are as
fol | ows. @,{@Anatlon G oup 1> (1-1) Five regions are selected from
sequence r s common to the 16S rRNA genes of all bacteria to set

St 881 TR P SR B ATl )
e2ch, oo O 0L TRt e BN o
0 86 R SR8 e SR r e SQ 1 ©
primer dimer becomes no longer a hindrance for the real-time PCR method
using an intercalator. In addition, the method of the present invention is
10  simple and economical compared to conventional methods such as a Hot
Start method using an anti-DNA polymerase antibody.
[0140] '
The non-display method enables measurement to the detection limit;
in addition, since the standard curve shows linearity to the detection limit, it is
15 made possible to perform accurate quantitative measurement with high
sensitivity by the real-time PCR method.
[0141]
(Quantification of Subject Organism to Be Detected from Amplification
Product Using PCR Method)
20 For the determination of the amount of a subject organism fo be
detected (including the absenqe thereof) from the amplification product, there
can be preferably used a method for determination based on a standard
curve obtained from the known amounts of the subject organism to be
detected under conditions (protocol) in which the amplification is carried out.
25  For example, if the detection limit (sensitivity) at 35 cycles is 0.1 CFU/mI in

the standard curve drawn using a particular protocol, 35 cycles of PCR
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SEQ I D NO 2. CCCGICAATTCCTTTGAGITT (21ner) reverse (B2) A prinmer set for
anplifying 166-base DNA corresponding to 10nucl eotides 927 to 1092 of the
" 16S rRNA gene of E. coli (bacteria priner 2: Bac. 2). SEQID NO 3.
AAACTCAAAGGAATTGACGGG (21mer) forward SEQ ID NO 4. CGCTCGITGCGGGAC

. (15nmer) reverse (B3) A prinmer set for anplifying 111-base DNA correspondi ng
to 15nucl eotides 1108 to 1218 of the 16S rRNA gene of E. coli (bacteria
primer 3: Bac. 3). SEQ ID NO 5. GICCCGCAACGAGCG (15ner) forward SEQ ID
NO 6. ATTGTAGCACGIGIGTAGCCC (21mer) reverse (B4) A priner set for

anpl i f yi ngreEglobass bepertamesstoaaituigtet the 2omuoited & siiject D49amiemitd69 of the
16S rRNA gene of E. coli (bacteria primer 4. Bac. 4). SEQ ID NO 7.
GG&TAmcmange(@rfnﬁﬁ fo the s\t@naard curve. 3@Qlthn N@ sgmple
CCGGGAACGTATTCACC él?rrer reverse F - Sequence regi ons
common to ¢Peepgsti @ﬁﬁ?ﬂg@n@%eg'faﬂﬂ refahm@ﬂt Sé?%t%@%ﬁrpm%na{u%ﬁ?rr of a

forward prllngperas%qge%e%c ion limi {sensquy) (evéa dtota OLﬁfé cycles)sellhen the

5  sensitivity can be set, for example, at an extremely high level of 0.000001
CFU/ml. The detection sensitivity capable of being set can be calculated in
advance. For example, for the quantification for daily life water by a "high
sensitivity method for quantifying a subject to be detected", because the PCR
detection sensitivity of universal primers for bacteria is 10 fg/ul and the PCR

10 detection sensitivity of universal primers for fungi is 10 pg/ul, the following
values will be obtained, using a conversion formula for conversion to the unit
of CFU/mI and further considering that 50 ml of a sample is first pelletized
and then subjected to DNA extraction: '

bacterium: 3.0 x 10” CFU/m]
15 fungus: 2.8 CFU/m.
The detection sensitivity can be varied by modifying the protocol.
[0142]
(Quantification of Subject Organism to Be Detected from Amplification
Product Using Gel Development Method)

20 An amplification product (including that obtained using a Hot Start
method) can be developed on an agarose gel or the like to simply quantify a
subject organism to be detected by fluorescent intensity in the detection of
fluorescence, or the like.

[0143]

25 {(Method for Determining Presence of Bacterium)
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[ 0169] Specifically, the prinmers are prinmers each containing all or
1/3 or nore of each of the base sequences of the following priners. (F-1) A
“primer set for the 18S rRNA gene of fungi (fungi priner: Fungi). SEQID

NO 9. GAATGAGTACAATGTAAATACCTTAACG (28ner) io forward SEQ | D NG
~10. TAACTGCAACAACTI TAATATACGC (25ner) reverse [0170] (1-3) Prinmers
for a nmec A gene exhibiting nmethicillin resistance are set 15by selecting a
nmost highly scored priner design using Light Cycler Probe Design 2
Software. [0171] Specifically, the priners are as foll ows. (ML)

A primer set foil hefleenmastablgdidAgalyrneraseqagerding td thenpresenkinuentiore0 (nmec A
primer: mecA) SEQ ID NO 13. ATTATAAAGCAATCGCTAAAGAACTAAGTA (30ner)
forward SE& BSONGS Sll@”!:@ﬁ@d’ﬁ@i(ﬁﬁ@@lmm@'mqmqu (26ner) reverse 25[0172]

<Conbi nati on G gup 2 Ten regions are selected from sequence
regi ons conmon ('bAtfﬁﬁthPG@OF Fﬁﬁ%r@éﬂ@@ the peasensa of ahagtersing it arsgim@ied priners

and reverse r%[alrlsm%rgs [0173]

5 (1) a first amplification step of performing a nucleic acid amplification
reaction using primers for amplifying an intended gene specific for the
bacterium (B) and a preparation containing a thermostable DNA polymerase
produced using eukéryotic celis as a host; and

(2) a step of visualizing the amplification product in the first

10 amplification step,
wherein the primers (B) is:

(B) a primer set capable of amplifying a plurality of regions of the 163
rRNA genes of all bacteria and primers containing all or 1/3 or more of each
of the base sequences of fhe above primers.

15 [0144]
Gel electrophoresis may be used as a method for visualizing the
amplification produd.
[0145]
(1) A method for monitoring the amount present of a bacterium in a
20 sample, comprising:
| (1) a first amplification step of performing a nucleic acid amplification
reaction using primers for amplifying an intended gene specific for the
bacterium (B) and a preparation containing a thermostable DNA polymerase
produced using eukaryotic cells as a host; and
25 (2) a step of digitalizing the amplification product in the first

amplification step,
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Specifically, the prinmers are primers each containing all or 1/3 or nore of

~each of the base sequences of the follow ng priners. (B5) A priner
set for anplifying 338-base DNA corresponding to nucleotides 8 to 345 of
the 16S rRNA gene of E. coil (bacteria prinmer 5. Bac. 5). SEQ
.1 D NO 15. AGAGITTGATCATGGCTCAG (20ner) forward 10 SEQ I D NO 16.
CGTAGGAGTCTGGACCGT (18ner) reverse (66) A prinmer set for anplifying
199- base DNA corresponding to nucl eotides 336 to 534 of the 16S r RNA gene
of E. coil (bacteria primer 6: Bac. 6). SEQ I D NO 17.
GACTCCTA @eAhe primars (Bbisivard 15 SEQ I D NO 18. TATTACCGCGGCTGCTG

(17mer) reverse .(67) A priper set for anplifying 287-base DNA
correspondi ng t dBi@dpripen sRicapanle of aoelifyingiarlUIRity pRGgigEef the 18S col i

bacteria jrer 7. AT . SEQ.I D NO. . AGCA AATA
(romer) oM BonsR gl hockesia 2pd Prirses ACORRIRS AV OF ARTBL@ SHERST 1 cver e
(68) A pri set for anplifying 181-base DNA correspondi ng to nucl eoti des
780 to %Oggﬁhet%%sel%%q Sé’ihkeq%l?o"@ p%rgfars'(bacteri a prinmer 8: Bac. 8).
SEQ | D%IQ [c%]qﬂ_AACAGGATTAGATACCCTGGTAG (23ner) 25 forward SEQ
I D NO 22. "AATTAAACCACATGCTCCACC (21mer) reverse (69) A prinmer set

for ampli 11,9 ARdpsarimeacinoRRahof  dehaaLirAgRe Rl hay beOr0 of

the 16S r RNA gene of . E rra prinmer NO 23.

TCCTTTAATT(EE] %ﬁ%dd%ﬁa@taﬁﬂhggﬁ@ arfeRitAtidBrodfict, GACCT GACGACAGCCAT
(17mer) reverse (610) A prifer set tor anplifying 109- base DNA

correspondjgig7io nucleotides 1,084 to 1,192 of the 16S rRNA gene of E. coli
(bacteria primer 10: Bac. 10). SEQ ID NO 25. TTGGGITAAGICCCGC (16ner)

forward 10 SEQ (@uaN@ficafionAdehtifdaHscOASiody ( 16ner) reverse (B11) A priner
set for anplifying 166-base DNA corresponding to

10 The quantification methods for a subject organism to be detected in a
sample can be applied to the following methods for quantifying and
identifying a subject organism to be detected.

(A) A quantification/identification method for a subject organism to be
detected in a samplé, comprising:

15 (1) a first amplification step of performing a nucleic acid ampilification
reaction using DNA prepared from the sample, primers (B) and (M), for
amplifying an intended gene specific for the subject organism to be detected,
and the thermostable DNA polymerase preparation according to the present
invention,

20 (2) afirst quantification/identification step of analyzing a combination
of melting temperatures (Tm values) of a plurality of amplification products (3
to 10 products) in the first amplification step based on a combination of
melting temperatureé (Tm values) specific for an amplification product of the

intended gene to perform the quantification/identification of the subject

25  organism to be detected in the sample,
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nucl eotides 1,220 to 1,385 of the 16S rRNA gene of E. coli (bacteria prinmer
11: Bac. 11). SEQ I D NO 27. GGCTACACACGTGCTACAAT (20ner) forward
"15 SEQ I D NO 28. CCGGGAACGTATTCACC (17ner) reverse [0174] (2-2) Seven
regions are selected from sequence regions comon to the 188 r RNA gene of
_fungi to set forward priners and reverse prinmers. [0175] 20Specifically,
the primers are prinmers each containing all or 1/3 or nore of each of the
base sequences of the follow ng pri ners. [0176] . (F2) A priner set
for anplifying 259-base DNA corresponding to nucleotides 149 to 407 of the
18S r RNA gene (é@bﬂ SBCR@ aﬂ“ﬁ)“f'ﬁiﬁt' Stﬁﬁﬂflﬂeéfé’ﬁﬁ'ﬂg‘%ﬁbﬁe&?%r 2: Fungi 2).
SEQ ID NO 29..GT CTAGA TACATGC forward S& NO  30.
GGTAGCCGTTTRARMHEAIP bO”rLé%Q @’%@pa;\e% O esﬁ“?'SrP%'P?ﬁﬁ Vi B 162- base

o o TR, P ek 0
(L) | TR e BBy Sy SIS AT SRHAE e ) T over e
lll.OnucI eoti §esiaiin ke a ﬁgst,oénél he 18S rRNA gene of C. Al bicans (f ungi primer
| (4) a second quantificationlidentiﬁcation step of analyzing a
combination of melting temperatures (Tm values) of a plurality of
amplification broducts (3 to 10products) in the second amplification step
based on a combination of melting temperatures {Tm values) specific for an
10  amplification product of the intended gene to quantify the amplification
products in the first quantification/identification step of quantifying and
identifying the subject organism to be detected and the second amplification
step to perform the quantification/identification of the subject organism to be
- detected in the sample from the quantification results obtained,
15 wherein the primers (B), (F) and (M) are:
(B) a primer set capable of amplifying a plurality of regions of the 163
rRNA genes of all bacteria and primers containing all or 1/3 or more of each
of the base sequences of the above primers,
(F) a primer set capable of afnplifying a plurality of regions of the 18S
20 rRNA gene of all fungi and primers containing all or 1/3 or more of each of
the base sequences of the above primers, and
(M) a primer set specifically amplifying an antibiotic resistance gene
according to an epidemic of the time such as a mec A gene exhibiting
methicillin resistance.

25 [0148]
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Fungi 4). SEQ ID NO 33. TTAACGAGGAACAATTGGAGEG (22mer) forward SEQ
I D NO 34. CGCCTGCTTTGAACACTCTAATTT (23ner) reverse (F5) A priner set for
anplifying 146-base DNA corresponding to 15nucl eotides 989 to 1,134 of the
18S rRNA gene of C. Al bicans (fungi prinmer 5 Fungi 5). SEQ ID NO 35.
..ATACCGTCGTAGICTTAACCA (21ner) forward SEQ I D NO 36.
GITCAATTCCTTTAAGITTCAGCCT (24ner) reverse 20(F6) A prinmer set for anplifying
169- base DNA corresponding to nucl eotides 1,260 to 1,428 of the 18S r RNA
gene of C. Albicans (fungi prinmer 6: Fungi 6). SEQ D NO 37.
CATGGCCGTTCTTAGIBGS egtiandideatificatisemetborider 8 subieCrIROSOAACETGTT
(18mer) reverse ﬁF?) A prinmer set for anplifying 217-base DNA

cor r espondidgtpated ifua FABPIICPMPTIBFIG:t 0 1, 630 of the 188 rRNA gene of C.

A pteans, 1ol b LR oS deSimlon St ST SIS LA
A L o e e
Desi gn 52 Sﬂt&ﬁ‘@éfgene specific for the subject organism to be detected, and a
thermostable DNA polymerase preparation according to the present
invention,
(2) afirst quahtiﬁcation/identiﬁcation step of analyzing a combination
of melting temperatures (Tm values) of a plurality of amplification products (3
10 to 10 products) in the first amplification step based on a combination of
melting temperatures (Tm values) specific for an amplification product of the
intended gene to perform the quantification/identification of the subject
organism to be detected in the sample, '
(3) a second amplification step of performing a nucleic acid
15 amplification reaction using DNA prepared from the sample, primers (F), for
amplifying an intended gene specific for the subject organism to be detected,
and a thermostable DNA polymerase preparation produced using a
bacterium as a host,
(4) a second quantification/identification step of analyzing a
20 combination of melting temperatures (Tm values) of a plurality of
amplification products (3 to 10products) in the second amplification step
based on a combination of melting temperatures (Tm values) specific for an
amplification product of the intended gene to quantify the amplification

products in the first quantification/identification step of quantifying/identifying

25 the subject organism to be detected and the second amplification step to
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[0177] 10Specifically, the priners are as follows. (M2) A priner set
_for the mec A gene exhibiting methicillin resistance (nmec A prinmer 2:

mecA2) SEQ ID NO 43. CAAACTACGGTAACATTGATCGC (23mer) forward SEQ ID NO
44, ATGTATGCTTTGGICTTTCTGC (22ner) reverse 15For the purpose of the present
~dinvention, the Tmvalue is a tenperature at which the conpl enentary strands
of 50% of a PCR product dissociate. Based on the theoretical rationale that
"the Tm val ue depends on the base sequence"” for the cal culation fornula
using a nearest neighbor nethod, the difference in the base sequence anobng
strai ns capeBbermapis Aeantivation/idantifieatigreef the subjedt engamiamiterbeof Tm val ues to
the identification of a causative agent. it is nost inportant for

t. Thus, it .
accur at e | delectad indhe same fram theriiantifipatiom resylis btajinedeasur ement error
fromthe Tmval ye". Therefqgre, the influence of neasurenent error is
T nated byt 5 4 i caTrigcBlioh SieP SLHITEING 2 LS AEEAtREEEN T val ue

vari es under. exper.i | . condifions . in which the c sition of a buffer
sol ution Orreatcﬁgrqlqswg‘e[?g FPPQFG% om p%ﬁa@pé%’nprl'meﬁsnw&r@n?ﬂlﬁywﬂgﬁ%si um
chloride c i o0 1S f} i S fd e | ution for
reacti g’n s@%tdrﬁdee %%%éfﬁé Loﬁlﬂ% S%@? 8{r 6%@@%% ﬁ% 0%8%%%@' %qcﬁ% of 5 a
reaction i Hereb%fﬁ ; A8 bl PCR devi ce
itself caﬁ@lgﬁ%hee%gﬁfgﬁemnpélgﬁ%gggﬁﬁ ac%t'%gsurgwgntpq@%/gre%é reference Tm
val ue is sgleforr g 0l . and the differential pattern between the Tm val ues
obtained in the s'arrg nmeasurenent cycle is utilized for the determ nation.
Al ternatively, (g)e thit@uahtifedtioPdahBmiatibhAmstém ofbhalpzinglteel@hgani sm havi ng
the 1Oapproxi mation of the conbination of "the values relative to the
aver age Vvaeuterattres $Trhjvadies) of amificatiorbproditicecinate thisd aspdificgt®h/ 9]
According to the present invention, a standard Tm val ue as the

10 step based on a combination of melting temperatures (Tm values) specific for

an-amplification product of the intended gene to perform the
quantification/identification of the subject organism to be detected in the
| sample,
wherein the primers (B), (F) and (M) are:

15 (B) primers which can be selected from the group consisting of a
primer set capable of amplifying a plurality of regions of the 16S rRNA genes
of all bacteria and primers containing all or 1/3 or more of each of the base
sequences of the above primers,

(F) primers which can be selected from the group consisting of a

20 primer set capable of amplifying a plurality of regions of the 18S rRNA gene
of all fungi and primers containing all or 1/3 or more of each of the base
sequences of the above primers, and

(M) a primer set specifically amplifying an antibiotic resistance gene
reflecting an epidemic of the time such as a mec A gene exhibiting methicillin

25 resistance.

[0149]
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ref erence can be used to correct the error between neasurenent cycles of a
~15nmeasurenent device. Specifically, using a constant concentration of DNA

of a standard strain of E. coil as a tenplate, one priner set for
anplifying one region of the 168 rRNA gene of a bacteriumis used to
.-measure the Tmvalue in each cycle to correct the deviation of a Tm val ue
I n each nmeasurenent cycle. Thus, if the sane priner is conbined with the

sanme tenplate, the Tm 20value will be theoretically the sane in every
cycle. [0180] However, when the Tm val ue act ual I{ obt ai ned devi at es,
the deviation phesarding terthernvantivataldias presenterplicativenthe PEMErs t hus, the

error may be corrected by a deviation in such case. 25[0181] The
speci fic pFYHamings P(S’F“th@f ?I%q %fctg'e(gﬂyn%ﬁ&OOBB'tUBtheﬁé‘hM@%%rﬁet iNe@Enti on are

as foll ows froma sa the resultant DNA is
o] oct oo gked rave a3 BERnG %@S%ﬂlﬁ%‘%&%@%{ (hReUciangs oot s for
bacteria, an _antibioti ance gene and f &P?éto meaSU{e t he

respect] ger%ﬁsogf%a PR RS PR SR e PN e T vl ues
o der & m HeerotL oS AP B AE B SRR R EBrsBE bt bl i besd 1)
I oconbi nat{ néénge?fceﬁ%s@ﬁe\ﬂaéém%ﬂ%a b'l"%gfg he Tm val ue specific for fungi

t hus obt ai usi ng i mer set capable of anplifying one or nore regions
of the 18fgqBHA gene of all fungi is first analyzed to determ ne whether
the DNA is derived froma fungus or what is the type of the fungus.]; (iv)

the presence of|tidrefériabli Bidet FtBSiGaMpAfcaRMTegRrdaiseamphifchtiohn t he
regions of the bacterial 165 rRNA genes. It is also preferable to set 3to 10
+ 10 amplification regions as amplification regions qf the 18S rRNA gene of fungi.
[0151]
In addition, a reference Tm value can be measured in each cycle
using any one.of "a primer set capable of amplifying a plurality of regions of
the 16S rRNA genes of all bacteria and a set of primers containing all or 1/3
15 or more of each of the base sequences of the above primers” to add a step
of correcting the measurement error of the Tm value of the amplification
product for measurement with higher precision.
[0152] |
For an algorithm for identifying the subject organism to be detected,
20 not only a combination of the Tm values themselves but also a combination
of differences between the Tm values can be used for identification to add a
step of minimizing the influence of measurement errors.
[0153]
"Calculating the average of the combination of Tm values to combine
25 the relative values of the Tm values to the average value" can be used as a

method for correcting a measurement error in each measurement cycle of a
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15conbi nation of the Tmvalues in (ii), the gene anplification specific to
~an antibiotic resistant bacteriumthus obtained, using a priner set
specifically anplifying an antibiotic resistance gene reflecting an
spreaded epidemc of the current time such as a nec A gene exhibiting
methicillin resistance is analyzed to determ ne the presence of the

anti biotic resistance gene]; and 20(v) the range of the bacterial species
as the candidates is narrowed. [in the conbination of the Tmvalues in
(ii), the conbination of the Tm val ues specific for fungi thus obtained,
usi ng a pr Af¥Ee ydthosh raidngthemeaswing stapdarhimyalue N eashhAclet the 16S
r RNA genes, of all, bacteria js an t he species, of the

O b S Ayt S AT
ange of t H0es (e B Spate S8 IERRtet ot ey RiSiBaRTol B et er o
varues i o SR e e Briknity Bl oot pr bR Ty R R Gi ffer ence i
e T i M BTG AL ottt 5 e, o

di f7 erenceg) aaudsf BRI e sALASHLAILH 1 bé Bedofientstdigdidrqmdd gor i £ hm
ani sm having t

in which "the or e approxi mation of the conbination of "the

val ues rel gi T wabl(8b=@atabasaithd/ eluelative \alfeiotht a9BEYY FalLE théteoflet ect ed”
is used. [0182] 10As a nethod for rapidly and sinply identifying whether

t he subj eche drighniosdmtib, frespdetivesty (Rigire #1(C9ctherdaseofa £untg®, or antibiotic
resistant, there is a nethod which conprises extracti ng DNA of an unknown
bact eri um 8intitasly; thescorgbinaéionof Tal valueadn vakiesy fdrian DikhCas argaaigoh at e,
perform ng PCR using the foll ow ng [1& to [3], and the resultant

anpl i fliccat fodve getedtas sbtabwddrenis swnpe cansigte of Tolvabloet neefi(refagar ose gel to
determ ne the band with a desired size: [1] one prinmer common to the

18S r RNA gesfierenge) and theraiativenaldeeta thecanarggesalbethergof beg 1reihde 8
host | 20[ 2]e5ABRPBYEDE (GRS LT RSO ThMARIPBREA o 1 eqi st ance
axhi bi t1 npsaTed £ s Bobiugalinof fas SHEFRBLPRAT e Fidrsse o
ol yrer asehgTeRar tie el 6 “SEte; R 1R aPoShed Rk EARafor
15 of the Tm values thereto" as an identification algorithm. Thus, the arganism
for which the result of the calculation formula:

[0154]

[Formula 1]

Dist. = / (D1ap— D1mf)2+(02db_'Dzrgf)2+.-.+(07db—'D7mf)2}

20 is closest to zero can be identified as a wanted subject organism to be
detected. The above algorithm can be used as a database-type identification
software on a computer.

[0155]
The methods (A) and (B) have been first accomplished by applying the

25 results (W02007/087323) to the quantification technique achieved using the
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[3] one prinmer common to the 16S rRNA genes of all bacteria and
specifically detecting bacteria and the .t hernostabl e DNA pol ynerase
preparation according to the present invention. [0183] According to the
above nethod, the follow ng effect can be obtai ned. (1) Cene
anplification such as real-time PCR based on 4 to 18, and preferably 4 to
16 prinmer sets can be perforned, followed by conpare the resulting Tm
values with the database to identify the strain of a causative

m croor gani sm necessary for antimcrobial drug selection and determ ne the
10pr esencetfsrmastatde N polymerese preparetigenbthe present(inyemtiort hehease of a
bl ood sanple, since the time required for DNA extraction, Tmvalue

anal ysi s, W'@dW@?@@UQET%ﬁ) waglsbtaineddyrisiensiversiydias of Highosi s becorres
possi bl e. é} Wien_ t he anopunt of bl ood sanple, from which is
extract ed, aP@"OE'S pridthe Qiffergace ef 'El'{ﬂlW%@F‘@ﬂgaﬂtr%@ﬁhedﬁﬁﬂtlﬁ@aﬁ%nt| fied,

whi ch enabl es nltorln eutic,effect af ad tration

[ Che ant PhackBichPréarin 1 b8 acfectod, BESIhor Hin redrel P

gr e;[oare antnt % ceg @act%rije t as. & nd the tﬁgf skaglee DNA

pol yerise HRRESE FeBs iR, | Alyel ?em?% %P%i%%????élﬁ?«‘f‘?rbﬁ? fahe used
t t t t t

e hon. 2peReReP RLcRBEPhEod © (Thar T’ ddi 11 on. the i dentification of a

fungus is fexfr ably perfornmed based on the conbi natl on of the Tm val ues
obt ai ned usi ng'the conbi nati on of zsuniversal primers for topoisonerase |1,

m t ochondri aI Dife 8 ndifodd RABEBHediVally described below.
(1) Bacterial 16S rRNA are known to have 7 to 10 base sequence
10 regions (20 to 40 bases) common to almost all bacteria.
[0157]
Forward and reverse primers are set on portions of all or part thereof
to prepare 3 to 10 gene amplification regions.
(2) The gene ampilification regions each consist of about 150 to 200
15 bases, and each of the regions excluding the common conserved regions,
on which primers are set, have a base sequence specific to each bacterium.
[0158]
Thus, the Tm value reflects differences in the base sequence to show
a characteristic value, and each bacterium is estimated to have 1 to 10
20 characteristic Tm values. Therefore, the Tm values ranging from 1 to 10
depending on the types of bacteria are examined for compilation of a
database. The database can be used to identify an unknown bacterium.
[0159]
(3) In addition, 3 to 10 primers specific for fungi are used in
25 combination with primers for an antibiotic resistance gene reflecting an

spread epidemic of the current time such as a mec A gene exhibiting
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[0185] (Se
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preparatio
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t for Quantification or Identification) A set for
g and/or identifying a subject organismto be detected con
e can be provided at | east by the thernostable DNA pol yner

t ai ned
ase

n according to the present invention for anplifying the DNA

roma sanple; and prinmers for anplifying an intended gene
or a subject organismto be detected. [0186] In addition,
se at |east 10t he thernostable DNA pol ynerase preparation

b A ERGh o BenBRcIIl g ERIOT PObRBER (MAbHIG0 tihpl o

si ng bact.eri al I ng

_cel | host . and pri for. amplif.
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st abl e
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Bt Bap sl CuiEekstdlB Saicent i 1 oati on System o

Sov! OB RN SR D8 T AR FUATLLN 0 s 4 U 1

gani s ntai ne

ng a

' égf;\% : vice for performng
Eg@gq%ﬁl i ca']t_qqc\)lr?luzeSrt%%ch’}i( é?\faﬁ% ﬁgaﬁﬁk’ g(?céggr ed froma sanple,

[omm! i fying an

In such a case, amplification products after gene amplification can be
run through an agarose gel to confirm the size of bands to double-check the
results.

[0161]

Thus, a conventional system for double-checking by a detection
method using gene amplification can be adopted to improve the precision of
examination.

[0162]

Altérnatively, the risk of false positivity due to a non-specific
amplification product can be almost completely eliminated by the combination
of "the method of solution of a primer dimer problem such as a masked
Primer Dimer method + the thermostable DNA polymerase preparation of the
present invention + universal primers for bacteria".

[0163]

(5) When real-time PCR is adopted as a gene amplification method,
the quahtitatively thereof can be used to perform the relative quantification of
the bacterial amount before and after treatment to improve the monitoring of
a therapeutic effect.

[0164]
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i ntended gene specific for a subject organismto be detected, and a
_thernostabl e DNA pol ynerase preparation. (2) A quantification device
for quantifying an anplification product in an anplification step.

(3) A conputer for calculating the anount of the subject organismto be
.detected in the sanple fromthe quantification results of the anplification
pr oduct . (4) A database for calculating the anmount of the subject
ofganismto be detected in the sanple fromthe quantification results of
the anmplification_10product of the intended gene, [0189] . For the
anplifier and t{ TeEREe NALYRSS fdeacime P GiRdeyispse a heating blaakrtypg

real -time PCR. devi an be suit abl sed.. For the conmputer, a conputer
syst em can®f %Wﬁ@ﬁﬁfgsfieww%%r%%@ﬂ%ﬁw@ %heﬁ{l}ﬂﬂ 5@5?@@5&9 EMS5gr am f or
quantifying and/or jdentifyin t@?e subj ect, organi.s be detected using
the. dat abadel ¥ nalih i Widers\Fai¥ BRERHE R HMeA JREBHET or quant1ying
and/ or identi.fyi | 8Ctm 40 r i . rding to the
pr esent in@eﬁ%ﬁ?ﬁ%@ ejgésjr]c |i-b%(] %%e*ﬁo%@w g?@%eﬁ]gé%ﬁ&'ﬁ&gﬁﬁﬁg t he

f ol | owizng i ' ) . j j.ce; (2) a
comput & _sie et 5o HKAES hen the heefhg B bR LGB LI between (0. 2

Processi Ndgamples is ab utib??(}'iihqﬁb%aﬂié)ﬁ%%éhf&nérﬂfé%%)? I8 ﬁfgﬁe?;l%lét@rogram

necessary tor the 258ata processing is witten; (4) abase
necessary édﬁpt@ﬁ@t%&gﬁﬁﬁlwﬁerence pattern belwéert el Tl valesd iprhgavi ng a

program for controlling the PCR reaction device; and (6) a display
devi ce f orsahe pheagdurgmiehe cydls dibrt detefminbdod abahat theansasigement error
does not disturb the strain identification. On the other hand, the airbus-type
10 Rotor gene 6000 (Qiégen Inc.) has a temperature uniformity between tubes
of £ 0.01°C, which is preferable since a Tm value measurement error less
easily oceurs.
[0165]
(7) In the case of infection with a plurality of bacteria, if after the
15 ascending of the amplification curve by real-time PCR, the amplification cycle
is stopped once a plateau is reached and the Tm values are subsequently
analyzed, only "a microorganism with a highest infective dose (probably the
major infecting microorganism)" can be identified.
[0166] | |
20 The primers are as follows.
<Combination Group 1>
(1-1) Five regions are selected from sequence regions common to the
16S rRNA genes of all bacteria to set forward primers and reverse primers (4

amplification products).

25 [0167]
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An exanpl e of the relationship between these devices is shown in 5Figure
.12, This systemincludes a PCR reaction device 1, a Conputer system?2, a
data processing section 3, a data processing program (software) 6, a

dat abase necessary for data processing 4, control systens for controlling
-the PCR reaction device 5a and 5b, and a di splay device 7. These may be
provided by integrating two or nore thereof The sending and 10 receiving of
i hformati on between the units are perforned by using signals Si to S7. The

oua 1) ot | on SGHLEaE D FRRE b FRkEkaL BN g I ST B S
15i d i fyj I i i k I . Th I
Lher et cadl BT Pe s P N P e ™ e T oi 1 ow ng 1t e
can be listed am A pAmRIset R disifyihg 7-BAsONK Grrddbdrithg@nt rol system

5: A) condit'ion settlngrat the Start of an anplification reaction;
B) condi ti aiicleslides80d &3 obHef tHetes rRNACYSALSf Eofo/AiiictdrisL@ihentand for
20t enperat ure control ; C) condition setting for the neasurenent of
the Tmsval Be¢. 1). D) condition setting for the termnation of reaction;
and E) condition setting for non-displaying the anplification of an

uni nt ended gene: $BEQL IDeN: 80l BATRANGATACETETGBTACTE CAGEI(R4mer)set ti ng
itens, control itens can be selected and set according to the particul ar
obj ect. Thiergartiti on setting and the working of the conditions can be
perfornmed using a 8rese| ected program_ This program can be recorded on a
nedi umin the copERdP |§Qs‘t2eﬁﬁ@§(3$ WWWE&@E VET $21me8 rpye§Pam may be
stored in a rmv&b?hteA é}ﬁortablé) medi_ym s&g_ratel provi ded or acconmodat ed

in a medium so meh §ebtor amplifying ase DNA corresponding to
10 nucleotides 927 to 1092 of the 16S rRNA gene of E. cofi (bacteria primer 2:
Bac. 2). |

-SEQ ID NO: 3. AAACTCAAAGGAATTGACGGG (21mer) forward
-SEQ ID NO: 4. CGCTCGTTGCGGGAC (15mer) reverse
(B3) A primer set for amplifying 111-base DNA corresponding to
15 nucleotides 1108 to 1218 of the 16S rRNA gene of E. cofi (bacteria primer 3.
| Bac. 3).
-SEQ ID NO: 5. GTCCCGCAACGAGCG (15mer) forward
- SEQ ID NO: 6. ATTGTAGCACGTGTGTAGCCC (21mer) reverse
(B4) A primer set for amplifying 130-base DNA corresponding to
20  nucleotides 1240 to 1369 of the 16S rRNA gene of E. cofi (bacteria primer 4:
Bac. 4).
- SEQ ID NO: 7. GGGCTACACACGTGCTACAAT (21mer) forward
- SEQ ID NO: 8. CCGGGAACGTATTCACC (17mer) reverse
[0168]
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5distributed using the Internet for enabling the use thereof by connection
_to the control system5a or 5b at the tine of use. Wien the PCR reaction
device is controlled using the results of data processing in the data
pr-ocessi ng section 3 located in the conputer system 2 or separately
.provided, the results of data processing fromthe data processing section 3
10are sent to the conmputer system 2, and, based on the results, a signa
for controlling the PCR reaction device is transmtted fromthe control
system 5b to the control nechanism5a in the PCR reaction device for the
wor ki ng of the €Eb#) Bepuengreregionscemmopdr thed86 NAgence ofalléungintrol is
enough according to the object of the PCR reaction, the PCR reaction is
cont r ol | ed@r&8RIPAIgAANGa PRE of Grorwardrinenanda revargeerimer derfyedconput er
system 2 iﬁﬁfrpg%anneﬁ so that a signal fromeach unit can be processed
accordi ng YETEREMI25B-cul ar object. In the data processing section 2, the
fol |l ow ng Rggé?sses are perfornmed, for exanple: 20i) the processing of the
results of anplification reaction (for exanple, a signal with

procesdi ng for Soarrrayf e bR B frbiraareouRRHEH 67 /3 drfldi o
be detect egr .Hqgﬁtheﬁa{s%%ga&?ngés bpﬁleﬁ%ﬁﬁﬁgﬁ'r pcation reaction; 25iii) the

processi ng of a Signal outp or con feaction conditions in
the PCR reacti off_gexi ﬁ,;,eraﬁﬂ for the FHPLRRRAI dthef &Tful Wi Rehdrhe display of
the results of {Fhe?P anp |f?cati on reactﬁn (i nc@udi gpm)neittori ng for a
time coursglngind the results of the quantification and/or identification of
t he subject organismto be detected on a display device. These

processes are peSEQriDeNO: B. ST GAGTACAATGTIRAATAQCITAACG (28ate)
processing, which is set according to the desired data processing. In

addi til@en, fehwarch dat abase is necessary for data processing, the information
stored in the database 4 is used. For exanple, the follow ng data can be

stored as a databB@dD &t 400hAACGTEACAACRAATIET KABTATHAGEGi (Rhmess t he
reference, when the -
reverse
[0170]
(1-3) Primers for a mec A gene exhibiting methicillin resistance are set
15 by selecting a most highly scored primer design using Light Cycler Probe
Design 2 Software. .
[0171]
Specifically, the primers are as follows.
(M1) A primer set for the mec A gene exhibiting methicillin resistance
20 (mec A primer: mecA)
. SEQ ID NO: 13. ATTATAAAGCAATCGCTAAAGAACTAAGTA
(30mer) forward
- SEQ ID NO: 14. CCAATAACTGCATCATCTTTATAGCC (26mer)
reverse

25  [0172]

<Combination Group 2>
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signal obtained by the anplification reaction using PCRis processed to
quantify and/or identify a subject organismto be detected. Various Tm

val ues (i ncluding various conbinations of Tm val ues for quantification

and/ or identification from Tm val ues) obtai ned from known 15organi sns, when
the quantification and/or identification of subject organismto be neasured

is carried out using the previously described Tm val ue. [0193] The
data processing program 6 and the database 4 can be stored in a nmediumin
the conputer system 2. Alternatively, at |east one of these may 20be stored

in a novabl e (pb-fihBreyedionsane selegiet EPy pqvende degionscommastiteride i n a
medi um so that it can be_distributed using the Internet for enabling the
use t her eofloByRMNha8RES BHall Ba@tﬁ@adgtsatmta&@rlmgr%@&@ renerse afimeRe tine of
use. 25 EdeIp)&Zs [0194] Hereinafter, the present invention is
descri bed tail with reference to Ref er ence Exanpl e and Exanpl es.

However, the pr sen.;g iI v S _not Cﬁ, o these Exa[{ﬁ es.

For e her or o ubt S2ECehll) S pRdeis ofe ewgﬁ S RS AT PRI T BPER edur es
1 { dt th duct kits.

[0165] 1 o Bheftl! oPERUhsY s edlBpbBR b e faflabicB ARRIS0 comol o epBﬁmuiequ'enie of

I t d |

Conaant 155708 ”tK@Apﬁ“@?‘ﬁgﬁ%w’@gm%‘“ﬁ%@i&ﬁ%@ COHEEHORBINEED L yeast

host, S. ¢ i | asm d
pUC57 pr oviﬁgggbgé%rena g?@gﬁg’éé“?gﬁ? a&@igt gc?/P %&é@e%}\_tgg%mgﬁseog?gl ned. The

gene encodgng thernostable

- SEQ ID NO: 16. AGAGTTTGATCATGGCTCAG (20mer) forward
10 - SEQ ID NO: 16. CGTAGGAGTCTGGACCGT (18mer) reverse
(B8) A primer set for amplifying 199-base DNA correspondi.ng to
nucieotides 336 to 534 of the 16S rRNA gene of E. coli (bacteria primer 6:
- Bac. 6).
- SEQ ID NO: 17. GACTCCTACGGGAGGCA (17mer) forward
15 < SEQ ID NO: 18. TATTACCGCGGCTGCTG (17mer) reverse
(B7) A primer set for amplifying 287-base DNA corresponding to
nucleotides 519 to 865 of the 16S rRNA gene of E. coli (bacteria primer 7:
Bac. 7).
- SEQ ID NO: 19. AGCAGCCGCGGTAATA (16mer) forward
20 - SEQ ID NO: 20. GGACTACCAGGGTATCTAATCCT (23mer) reverse
(B8) A primer set for amplifying 181-base DNA corresponding to
nucleotides 780 to 960 of the 168 rRNA gene of E. coli (bacteria primer 8:
Bac. 8).
- SEQ ID NO: 21. AACAGGATTAGATACCCTGGTAG (23mer)
25 forward

- SEQ ID NO: 22. AATTAAACCACATGCTCCACC (21mer) reverse
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15DNA pol ynmerase was designed such that a Hndlll restriction enzyne site
~was introduced into the 5 term nal sequence and an EcoRl restriction
enzynme site was introduced into the 3 term nal sequence. (2)
Construction of Vector for Expressing T. aquatics-derived Thernostabl e DNA
--pol ynerase 20The synt hesi zed gene encoding T. aquatics-derived thernostable
DNA pol ynerase was inserted into plasmd pYES2 (Invitrogen) so as to
construct a vector pYES-TAOl. For the gene encoding the thernostable DNA
pol ynerase, the pUC TAO1 was digested with the restriction enzynes HindlI|
and EcoRl (TaKaFggbﬁcPﬂ,mQMﬁe@:fprvﬁBPUWBQeﬂoeléﬁ&Q)Déllpe@Qerﬁmﬁiﬂm t®with 25 1%
agarose gel (WMako) and the _gene encaodi ng the thernostabl e DNA pol ynerase
was recovefEgiegydesPagta 1§ iteR 188 r%&f‘@&ﬂ?i%ﬁ- leptl (bastada Riimer $he pl asni d
PYES2 was E’i eéted with EcoRI and Not! (TaKaRa Bio), and ligated to the
gene encod ﬁg' he thernostabl e DNA pol ymerase by using DNA Ligation Kit

Ver. 2.1 (TaKaRa Bj : ) t S.. cerevj si ae

The thus obtai n'egkgi:g% B’pg\aEg%Hf%ﬁl(ﬁ]ﬁG@%Qﬁt(ng@% r\zlgr char omyces
cerevi si ae X2180 i k- Gaﬁd? as long as it
is a ufgaci | - requ??itjr;@ s&pgﬁ; gig'%ér)ﬁagp‘odn&\aﬁgér @‘zﬁe:?gaé%gge by using

Fast TrackTm Yea r ; ; L i -%%h[?ﬁ'g : (4)

Pr oducti on of 7?%@@1@?@@%&”&3% %bﬁﬁ?t@a% e Q@éfefﬁgpg@g t?o by S.
_cerevi si aenycleotigdd'¢, 084181 1M65h bf MRSTEE FRINA g SRUE tadigBattetiB privddy ng in 100
m of SD nmedium (0.67% Bacto yeast nitrogen base an{'gjg% Garacpt?ose) at 28C
for 72 houng: Bdbei®ul ture was centrifuged at 5000 rpmfor 10 min to collect
cells which were suspended in a disruption buffer solution (50 nM Tris-HC,
15pH7. 5, 50 mVl KSER IBNQ: 2% TTSGSTMANG LS CHT ¢thrhyr) dsiwegd0. 5 mm gl ass
beads and then subjected to centrifugation at 12000 rpmfor 30 mn so as to
obt ai toyeast honBEENIE HOs 26 CARTGATCERTACETITE (1oneer) cevared| extracts.

(5) Study of Solubilization Conditions for Thernostable DNA Pol ynerase by
Heat Treatnent (B9 A pritier isetfor earnlifying dBbthaseANAoraspandingrte of

t her nost abl e DNA pol érrerase by heat treatnment were studied. Figure 2 shows

SDS- PAGE ofugleaiifrs ha28iie lo¥taphibs 163 erNfaese sidregdiibeeepa &EMAMt at es were

suspended |n @n eqlaal anount of the disruption buffer solution,
heat -t r eat 4 B8C-45¢, 50C, 55C, 60C, 65C, 70C, 75C, 80C, 85C, 90C, 95C, and
100C, and . SEQ ID NO: 27. GGCTACACACGTGCTACAAT (20mer) forward

15 - SEQ ID NO: 28. CCGGGAACGTATTCACC (17mer) reverse

[0174]

(2-2) Seven regions are selected from sequence regions common to
the 18S rRNA gene of fungi to set forward primers and reverse primers.
[0175] |

20 Specifically, the primers are primers each containing all or 1/3 or more .

of each of thg base sequences of the following primers.
[01786]

(F2) A primer.set for amplifying 259-base DNA corresponding to
nucleotides 149 to 407 of the 18S rRNA gene (SEQ ID NO: 16) of C.

25  Albicans (fungi primer 2: Fungi 2).
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25 then centrifuged at 12000 rpmfor 30 mn at 4C. Wen heat-treated at 50C
~or higher, a band of the thernostable DNA polynerase as a target protein
was detected; when heat-treated at a tenperature from65C to 70C, the
anount of inpurity protein derived fromthe host was reduced. After
.carrying out heat-treatnent at 50C or higher, the thernostabl e DNA

pol ynerase was found to be solubilized with a thernostabl e DNA pol ynerase
activity. 5[0196] (6) DNA Polynerase Activity (6-1) Anplification of Region
i n Lanbda DNA Detection of activity was carried out by using |anbda
DNA (NI PPON GENBYEQsIDaNCe 28l &TEGGCTAATTETARGAG GTAATACATGHS (26megrar ed so as
to have a io conposition including 10 nM Tris-HCl (pH8.3), 1.5 mM of MCl2,
50 nM of K@rwaghd 200 p. M of dNTPs As the primers, SEQ ID NGs: 83 and 84
wer e added so that each _was 4 RM SEQ ID NO 83 at agttcg tgtccgtaca act

SEQ I D NO 84 ggPE&t!EgHe: %cﬁiﬁﬁ%@g% CI@ﬂQGI (% FEXRISEn t he anount of
0.2 jig was add and the er nost abl p nmerase preparation in the
amount of 1 pl AaBrdmﬁrﬁ?tt{éF %W@@?@E%g@le AMF%PBB@BQJOSO that the
above- nentione e beca 1/16, 1/32, and
o Ena wr@eoohfé%s”é%%pifﬂaf Wﬁﬁr@m Fobicgheiurt feds?? 20t
becane 50 Fpun PCR program 20 was carried out by the follow ng program
94C for 0C for 30 sec, and 72C for 1 mn in one cycle, which was

ted 30 t PSR reasct F'o?w%
(raleggflrgphor es: s WI B(ilgpagger ose g%ﬁ@tpg%#g@ﬂ_ze ? cf'ﬂl on product.
(6-2) Def'n'tlorsegllﬁheoweét @m%?@wqmmeﬁwa i’.’!’méﬁTQ@er‘éB't of the

obt ai ned t her nost yrrerase was determ ned a cordl ng to the nethod

described in Preugdus@pet Qetrféﬁlampfﬁfﬁﬁg d3zesemNA cbﬂe@b@ﬁ@ﬁﬁ%ﬁo C. C (1966)
DNA pol ynerase from Escherichia coli, pp. 263-276 In G L ntoni and D. R

Davi eg o( echigleotitelsi 551t d7 siabibe B rRNAYEnsast QisAlicassti(fumal ptimef 4primer, an
activity for taking 10 nnol of conplete nucleotide into acid insoluble
preci pi t atlesngid).74C for 30 min in an
- SEQ ID NO: 33. TTAACGAGGAACAATTGGAGGG (22mer) forward
- SEQ ID NO: 34. GCCTGCTTTGAACACTCTAATTT (23mer) reverse
(F5) A primer set for amplifying 146-base DNA corresponding to
15 nucleotides 989 to 1,134 of the 18S rRNA gene of C. Albicans (fungi primer
5. Fungi 5).
. SEQ ID NO: 35. ATACCGTCGTAGTCTTAACCA (21mer) forward
- SEQ ID NO: 36. GTCAATTCCTTTAAGTTTCAGCCT (24mer)
reverse |
20 (F6) A primer set for amplifying 169-base DNA corresponding to
nucleotides 1,260 to 1,428 of the 185 rRNA gene of C. Albicans (fungi primer
6: Fungi 6).
- SEQ ID NO:-37. CATGGCCGTTCTTAGTTGG (18mer) forward
- SEQ ID NO: 38. GGGCATCACAGACCTGTT (18mer) reverse
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S5activity neasurenent reaction solution (total anmount of 50 Al containing
25 mM TAPS (pH9.3), 50 MM KCI, 2 mM MyC12, 1 nM p-nercapt oet hanol, 200 uM
each of dATP, dGIP, and dTTP, 100 Al [c(-32P]-dCTP (0.05-0.1 G /muol), and
0.25 ng/mM activated sal non sperm DNA) was defined as 1U. (6-3) Detection
Limt of PCR 10Figure 3 shows the detection limt of PCR using Escherichia
coli DNA as a tenplate. From 100 ng to 10 fg, a PCR anplification band was
detected; from10 fg to 1 fg, no anplification band was detected.

Escherichia col | was extracted_and _purified from Escherichia coli JMLO9
( manuf act ur ed b{}:?%%')erﬁ?tt%iaﬁbﬁm @)ﬁ TRASE; [gNAI&qrrqS&@ﬂF‘lﬁ}géoDNA Ki t

15( manuf act ur,ed.. JTaKaRa),. . The, re | ol utign .prepared so as to
nave & conudEoids TA0Ada A0S RS BEode ) Abictes tfindtedBet S0
KCl, and ZP,OFRMic}NTPs. As prinmers, SEQ ID NGs: 85 and 86 were added so that
each was 0’4 'R\ éEQ | D NO. 85 agcagccgcg gtaat 20 SEQ I D NO 86 ggactaccag

SN R P AT ATORRT B A a3 1
(er st abl o Dvspe TR0, BESBCIGTCTOMOMBt oRb prsRated i th

carried out by (hg) paePVidiG %@F@%éﬁ@exﬁi‘ﬂﬁnfg%eﬂaiéﬁliﬁweé’@@nfcgraré@eﬁeC1 and
72C for 30 sec as one cycle, which was repeated 60 tinmes. Each PCR

reaction s sélectingasnestiiigitly edotedl griraet d@ﬂbﬁmmgught Oyditr pesseose gel to
visualize the anplification product. (7) nstruction of Vector for
Expr essi ngDésigadquaditwaralderi ved Ther nost abl e DNA Pol yner ase 5A gene encodi ng
T aquati cs-derived thernostabl e DNA pol ynerase was inserted into a plasmd
pPI C ZA (I[fNVYI ogen) to construct a vector pPlC TAOl. The gene encoding
t her nost abl e DNA pol ynerase was anplified by
10 Specifically, the primers are as follows.
(M2) A primer set for the mec A gene exhibiting methicillin resistance
(mec A primer 2: mecA2)
- SEQ ID NO: 43. CAAACTACGGTAACATTGATCGC (23mer) forward
. SEQ ID NO: 44. ATGTATGCTTTGGTCTTTCTGC (22mer) reverse
i5 For the purpose of the present invention, the Tm value is a
temperature at which the complementary strands of 50% of a PCR product
dissociate. Based on the theoretical rationale that "the Tm value depends on
the base sequence” for the calculation formula using a nearest neighbor
method, the difference in the base sequence among strains can be applied
20 as a difference in the combination of Tm values to the identification of a
causative agent. Thus, it is most important for accurate identification to
"eliminate the influence of measurement error from the Tm value™.
Therefore, the influence of measurement error is eliminated by the following
method.

25 [0178]
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PCR using pYES-TAOl1 as a tenplate and using KOD Plus (ToYoBo). Priners to

. be used for PCR (SEQ ID NGs: 87 and 88) were designed such that an EcoRl
restriction enzynme site was introduced into the 5 termnal sequence and a
Noet|l restriction enzyne site was introduced into the 3' term nal sequence.
--SEQ I D NO 87 cccgaattca tgagggggat gttgccattg SEQ I D NO 88 aaagcggccg
ctcattcctt tgcggataac 15PCR programwas carried out by the foll ow ng
program heating at 94C for 2 mn, then 94C for 15 sec, 56C for 30 sec, and
68C for 2 min and 30 sec as one cycle, which was re eated 30 times. The PCR
product was t heResausetiieclmalye &@W%HH@?%@{@FWQI’H& 1oRNEtfiaNssie WEeh and PCR

fz???&”éﬁpi“% e SRbpef Séﬁgﬁﬁﬁﬁéaﬁe%a%f@_%ﬂ%eﬁﬁk% Sy gé‘éﬁﬁoévatqrﬁlgﬁﬁgﬁ?) e
v dot E@%ﬁa@%{%g@%@%&@% i RipRis R TRR fst\Véﬁdﬁsga?%%ﬁ aFa 50).
hab 1 nt 1 odaeiigon fitBactin 58 tiay i sk PEne R Telr 95 Dl orabanliSTRE” Yoo "
Cacher e 8 eRblor 43R0 PRABShol ST ThefeBEld e eai SRS PCIDBeBERC . 1

was seeded on ainin €ocin

(I nwtrogemaaféé@sre rREAYGEI tbﬁo?“h@%(n@é\éﬂgé?ﬁ Wg/cw&namrfer%ﬂe Hgyr and

stationary-cu ture at 37C tor 16 hours. An E hia coli ony from

the agar plagitie igvast a@@@mf@tQﬁdﬁ@diﬁ%@éﬁtf@ﬁaﬂéﬁﬁﬁém}é@h%é TR¢RalueBd the base
sequence was read so as to confirmthat the thernostable DNA pol ynerase

gene was | ostainset iatthd saae metkyremdntyeheis\ilized farfthEdehétnimatiorobt ai ned.
(9) Transformation of P. pastoris The vector pYES-TAOl was introduced into

yeast (Pi cAlternatiselyy the ide@EicESiontalgorithm Mivetmish ttheedrgeniswakaviag thed out by
usi ng Fast TrackTm Yeast Transformation Kit (Geno Technol ogy). Since the
yeast 1i0r angpproxinatioregiutheewntdoation ab'the yaluestrelativente ke avérageasiusteded
onto a YPDF:, é %gjggt)orgamsm to be detected” is used.
[0179]
According to the present invention, a standard Tm value as the
reference can be used to correct the error between measurement cycles of a
15 measurement device. Specifically, using a constant concentration of DNA of
a standard strain of E. coli as a template, one primer set for amplifying one
region of the 16S rRNA gene of a bacterium is used to measure the Tm value
in each cycle to correct the deviation of a Tm value in each measurement
cycle. Thus, if the same primer is combined with the same template, the Tm
20  value will be theoretically the same in every cycle.
[0180]
However, when the Tm value actually obtained deviates, the deviation
provides an error between the measurements, and, thus, the error may be

corrected by a deviation in such case.

25 [0181]
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agar plate containing 100 [dim Zeocin after recovering in YPD nedi um
(Difco) for three hours. Then, the agar plate was stationary-cultured at
28C 15for three days. (10) Sel ection of Transformant In order to
obtain a thernostabl e DNA pol ynerase high production strain, a transforned
.colony fromthe agar plate was inoculated and cultured on a YPDS (Difco)
agar plate whose concentration of the Zeocin contained 20 was sequentially
rai sed from500 p,g/nlto 2000 p,g/m, followed by selecting transfornmants

with nulti-copy_of the_insert Th r onaar pl ates at
t hr ee- st aged Zegg?ﬁp@[ﬁ'ﬁegﬁ??%ﬁir‘égg‘pﬁ?dﬁ ﬁ%’/dﬁ(ﬁfﬁaébxﬁf ﬁie Prgs r‘tZOOO 49/ i,

and each of V'Eah t |onary cultured at 28C for three days. The

t r ansf or malft P grown in the YPDS (Difco) agar plate 25 whose

Zeoci n concent rgi Bﬁ'\c eggr%%l ch%'Q %@'ﬁpl sed for the follow ng thernostable
ti'o

DNA pol yner ase N~ éexperi men 0197] (11) Production of T.
aquatics-derive ; or mant was

i noculated in 1 6?&?%@?&%@%&%@% andb%@gacﬁ"!'ﬁ?@%?uglpﬁ@ﬁ%aki ng. at 28C
for ong dayiopomaptidied ﬁﬁm@agststfeﬁbaemataﬁfanﬁﬁbhéresmﬁﬂce eg@nerglﬁa to induce

production of protein, 0.5% net hanol was added and culturé&d at 28C for

three daySfunahm/mwg@recm@trésée@% Bh V2l étmmrherto Howde o sorfisthbesh cell's,
whi ch were suspended in a disruption buffer solution (50 nM Tris-HC,

pH7. 5, 50 oMhEQm vankstfbetreebdctenerBedinibidiit ¢dsiblaneei gete) ahdthe gl ass beads.
Next, they were subjected to heat-treatnment at 10 70C for 60 mn, and

subj ect ed fuagtentri fugation at 12000 rpmfor 30 min, and a supernatant
contai ning T. aquatics-derived thernostable DNA pol ymerase was obtai ned.

(12) Construct i @i iis datennuned shethgrtbe HNG igdetived tiomsa fergusdin theer nost abl e
DNA Pol ynmer ase. 15A gene encoding the P. furiosus-derived thernostable DNA
pol ynéﬁasecq{ﬁ@nﬁﬁglépfﬁw Tﬁ‘t‘tﬁ'@ﬁ%'rpﬂ"ésthﬁa_f@\lﬂgﬁ &R@C!f@rﬁf fungl thusyect or
PYESPFO1. The. gene encoding ther o rrerase was, Sé tngem zed by
PCR usi ng ®Ptai&gd Ysing 3eiid SMRai?ti‘%t@ Q@‘S’QW %@r DYeHRBYINE O B8 ners to
b d f E ; d 20, ..a Kpnl
ris???cuﬁiﬁé’ﬁ@ﬁ%@w ehi BRI b ﬂgrsrg. PernefRarsaiidice and a
Not | t 3"t I .
o e BB S/ oBb 5 B BPHET I RRBLAE, %o’ oo se e
tgattttaga tgt thé‘@u?i%ny etflﬁ'gl% gﬁﬁbﬁﬁ&?&&%ﬁ@e%@h%qg% érnﬁﬁéd?‘ﬁ'ﬁ the?SA PCR

programwas carryli‘e OW ng progra eat|
15 combination of the Tm values in (i), the gene amplification specn" c to an

antibiotic resistant bacterium thus obtained, using a primer sét specifically
amplifying an antibiotic resistance gene reflecting an spreaded epidemic of
the current time such as a mec A gene exhibiting methicillin resistance is
analyzed to determine the presence of the antibiotic resistance gene]; and

20 (v) the range of the bacterial species as the candidates is narrowed.
[in the combination of the Tm values in (if), the combination of the Tm values
specific for fungi thus obtained, using a primer set capable of amplifying a
plurality of regions of the 16S rRNA genes of all bacteria is analyzed to |
identify the species of the bacterium)].

25 Specifically, one of the Tm values specific to bacteria is selected (the

Tm value may be corrected using the reference Tm value). The range of the
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94C for 2 mn, then 94C for 15 sec, 56C for 30 sec, and 68C for 2 mn and
30 sec as one cycle, which was repeated 30 tines. The PCR product was

subj ected to el ectrophoresis with 1% agarose gel, and PCR fragnents were
recovered by using Q Aquick gel extraction kit. The PCR anplification
.product and pYES2 were both digested with Kpnl and Notl, and the PCR
anplified fragnent was ligated to provide pYES2 by using DNA Ligation Kit
Ver.2.1. [0198] The ligated vector was introduced into E. coli
conpetent cell JMLO9 (ToYoBo). The Escherichia coli transformant was seeded
onto an LBPagigriahsprie fsdbacandidalesis nermwad tenpaddenialispecigsdaving a

stationary-cultuyred a C for hours. The Escherichia coil c¢olony from
the agar pVae ion%‘éaﬁljrﬁt"éﬁ"ea#g‘e Herenge "'(‘jm"?eﬁ't‘1 uehip 3earerialit he base

ane was | oY EovFEnsRal et PRyad B ieShra P iRae pebe S eubdBa nea.
Thor st ablE IXepory mRYae - oS BB anetng BREIR! RGBT <. ger veo
const Tt SeORTe R oinYEE B ORiOaRRe Srerdhies AR aMHBRMIE oua pol yrrer ase
L emplat o) ey vt PRl Flo i B R A SR GRS e such
that a Kpnhpp@xiratidn 8NthenaiBinafidreolte vBlUeSFeRAde td'tHe Alage VBRI g?'

sequence and a Notl restriction enzyne site was i ntroduced into the

term nal sgouemsiect diganiieRtoss defddtédds @igedby using KOD Plus. 25 SEQ I D NO
91 gggggtacca tgatcctcga tacagac SEQ I D NO 92 cccgcggccg ctcatgtett

aggttttag {0182] A PCR program was carried out by the foll ow ng program

heating at 94C for 2 mn, then 94C for 15 sec, 60C for 30 sec, and 68C for

2 minldnd 30 sedsasmetiwddipe rapidiwanchsimply ideptifyirgiwBether thes sullieet PCR pr oduct

was subjected to el ectrophoresis with 1% agarose gel, and PCR fragnents

Swer e col | egesisrpio beideieatedinia drctpsiung & fuagus.oer antibiotithesiptmtatierefi cati on

product and pYES2 were both digested with Kpnl and Notl, and the PCR

anpl i fi cat ischmethemhwhicheemprisss @dracting LNVA @ apoEpow RAGISRHMNA Li gat i on

Kit Ver.2.1, . . .

! er without using the Tm value and, using the DNA as a tempiate, performing

PCR using the following [1] to [3], and the resultant amplification products

15 are subjected to electrophoresis in agarose gel to determine the band with a
desired size:

[1] one primer common to the 18S rRNA genes of all fungi and
specifically detecting fungi and a thermostable DNA polymerase preparation
produced using a bacterium as a host;

20 [2] each one primer specifically detecting an antibiotic resistance gene
reflecting a spread epidemic of the current time such as a mec A gene
exhibiting methicillin resistance and the thermostable DNA polymerase
preparation according to the present invention or a thermostable DNA

polymerase preparation produced using a bacterium as a host;
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[0199] 10The ligated vector was transforned into E. coil conpetent cel
JMLO9. The Escherichia coil transformant was seeded onto an LB agar nedi um
containing 50 gl/manpicillin. Then, the agar plate was stationary-cultured
at 37C for 16 hours. The Escherichia coil colony fromthe agar plate was

i nocul ated and used for direct colony PCR and the base sequence was read 15
so as to confirmthat the thernostable DNA pol ynerase gene was i ncor porated
correctly. Thus, a vector pYES-TGOL was obtai ned. [0200] (14)
Transformation of Yeast The thus obtained vector pYES-PFO1 and pYES- TGOL
were 20 |ntroduEﬂ&nﬁdﬂﬁn@éaﬁﬂWPBé@éh%ﬂ55yf@@“G@ﬂ@%PEaEBGQEMQGW@traln) The

transformation arri out b FastTr ackTm Yeast Transformation
Kit. Sp%qgt}a r %ttrlqgw%?ﬂ@a%ng rglosapeg)&n BAYMAIgSRler i ved

Ther m)stabl e PoI rreras 5The tal ned transformant was cultured with
shaki ng i nPTRE" 'Orb? EPG 5‘?8 Nyeast nitrogen base and 2%

Gal act ose) @i 8C for hours They were centrifuged at 5000 rpmfor 10
mn to col I[ § cells WhICh were suspended in a disruption buffer solution

(0 et 5 1By et B HAalS Rkpod) Bptafahy el o

0.5 nmgl ass bea en su ronto arn yeast

honogenat e precuglééﬁ&émpﬁ?carﬂo*hes&h Rid-shRSPCRYSastSsA'RtL B BHET er

solution in the amunt two tinmes as e wet weight of the preti pitates was

added and gusoRBAed 1o Te%rmrs%m@rﬁlb\e@ﬁr{mbut fohBhved bt corifarkahe60 nin and
centrlfuged at 12000 rpmfor 30 mn-to obtain a supernatant containing the

t her most abtezuliNg Tralvaidssawith thddathbake (4 Mentikaifenatdim of 8fcateatiwm nati on of
Non- Speci fic Nucleic Acid by PCR
microorganism necessary for antimicrobial drug selection and determine the
10 presence of the antibiotic resistance gene.

(2) In the case of a blood sample, since the time required for DNA
extraction, Tm value analysis, and identification is about tWo hours, rapid
diagnosis becomes possible.

(3) When the amount of blood sample, from which DNA is extracted, is

15 constant, the relativé bacterial amount can be quantified, which enables the
monitoring of a therapeutic effect after administration of the antimicrobial
drug.

(4) the thermostable DNA polymerase preparation produced using a
‘bacterium as a host and the thermostable DNA polymerase preparation

20 -according to the present invention can be used properly to almost completely
eliminate the risk of false positivity such as non-specific amplification.
[0184]

In addition, the identification of a fungus is preferably performed based

on the combination of the Tm values obtained using the combination of
25 universal primers for topoisormerase Il, mitochondrial DNA or 268 ribosomal

RNA.
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Figure 4 is a photograph of 1% agarose el ectrophoresis show ng exanpl es of
investigating whether contam nation of non-specific nucleic acid is
observed by using each of the above-obtained thernostable DNA 15 pol ynerase
preparations, TaKaRa Taq (TaKaRa) and Anpli Taq Gold LD (ABlI). The | anes 1,
4, 7, 10, 13, and 16 show the results of 40 cycles of PCR w thout adding a
tenpl ate, as well as the lanes 2, 5, 8, 11, 14, and 17 show the results of
60 cycles of PCR wi thout adding a tenplate. Furthernore, the lanes 3, 6, 9,
12, 15, an&nggg show the results of 30 cycles of PCRusing 1 lig 20 of
Escheri chi /]I as a tenplate. The procedure was carried out by using SEQ

gene a5 pr! ﬁQ?s@%*?ﬁ@eﬁﬂﬁ%@%@#&%ﬁﬁﬁwﬁ%ﬁh?Fi ons and PCR Sol ution |
ca06a, an amt 1 At et iEiiinhie SR ORE (e was 25
detect ed | oty EhRSINdliR o1 SHAER ERTLARFbYIdb Gt XL BF e HerfiBBlpTaa Col d

LD. Furthernore, in the er nost abl e DNA pol ynerase produced by the

productg onpg b@gn@rawgréﬁaeéﬁﬁ aéwem@t@ﬁheg@eﬁmliﬁ\fénﬁahif@m product was
detected even 1n"40 cycles and 60 cycles of PCR, and the contam nation of

non- speci f agmpliiyrpire BNAdDepardtiromhs samplb; aind prichbreder alipifyirg e carri ed
out without carrying out conplicated purification process. 5(17) Anal yses
of Anplifiirdénded genme spacific fdrld sutjediorganisyn focid defected?CR (1 nvesti gation of
Cont am nation of Non-specific Nucleic Acid) In order to investigate
cont anmi nat [Qd86Hf non-specific nucleic acid in the above-nentioned

t her nost abl e DNA pol yner ase preparations, analyses of an anplification
curve and a nel n addidontbe ket maygamprieoateB§t usi ng real - 10ti me PCR

Fi gures 5(A) and Fi gure SEQ] show anal%%j s of anpplification curves. Figures
6(A) & Fi guretr@(tbgr@ﬁét@ BNfspalymeraag piepgratignefdhe pieser nore, Figure

A I e, T
o 8 host PSSR AU el s Rl Ve s
U510 . A R RS oS IR R ASS A i, Socher e e
tenplate was ”Oérrgrﬂgpsef%rlaﬁmlffﬂﬁ?%ﬁa}hfetrfdgﬁ d%%i %ﬁ@?ﬁga%ﬂ{e‘%&'”er was

obt ai ned by adding 10 g rapure water ube of

Li ght Q«cl epraadsdnPtRbE dehértMast er SYBR Green! (Roche). In this tube, dNTPs
and SYBR Gggnﬁr‘?n addition to a buffer reagent optim zed for the Tag DNA

pol yrrerai&oa,eegcont ai ned. Besides, 1.5 mM MgyCl2, 0.4 RM each of the priners
(SEQ I D 5: 85 and 86), 1 jig of Escherichia coli as a tenplate, and 1

unit of ther nosFabihesOtinmrs Yorthaset pthe pdo@mantionederidberad B¢, dF) and
ultrapure water were added so that the total amount was 20 RI, and thus
real -ti me MOR4robe aupgetles) was carried out by a hot-start nethod. In

[0188]

20 (Quantification/identification System)
The following devices may comprise a system for quantifying or
identifying a subject organism to be detected contained in a sample by the
above-described methods.

(1) An amplifier device for performing a nucleic acid amplification

25 reaction using DNA prepared from a sample, primers for amplifying an
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the case of using AnpliTaq Gold LD, an anplification curve started to rise
_about 32 cycles, a nelting curve had peaks in the substantially sane
positions in the case where the tenplate was added and in the case where
the tenpl ate was not added, and contam nation of non-specific nucleic acid
.5 was observed. On the contrary, in the thernostabl e DNA pol ynerase
produced by the production nethod by the present invention, when the

tenpl ate was not added, the contam nati on was not observed both in the

lificati d t. | ti , R di the t t abl e DNA
ooy o Pa Sena et e e Re g e MR B S S ok e
10anplification ?ﬁd%dew ved fromthe contam nation of non-specific
nucl ei ¢ ac?r?)ermg ¥ &0 é‘&?ra&%gﬁ’é?%ﬁ“ﬁﬁo@-he t her nost abl e DNA pol yner ase
i ‘ AIS] . ‘ .. . i fi h h
Cont am nat on of ackan i ERAREET B ARuRY I PP ABONR B oauct

derived fr atﬂikﬂ 1nhation of non-specific nucleic acid was observed.
15 Fromt hgmre u|ﬁ%§%ﬁ§t#ﬁe probability of contam nation of various

non- spagi {10 NUEkGh ol s BHENICARIAGMARIRRIY B 1R gt lbangfeent [n the

air or water environnent, the main ctor thereo to be

cont am nat pgRietédted i el ®ahpll fforPie REhMIRIAADA BECIRR6RtheMp ficaligst - der i ved
DNA during the production process of thernostable DNA pol ynerase. 20(18)

| ntroducti product.Mut ation of Vector pYES-PFO1 Mut ati on was i ntroduced
into a gene encoding the 31-5 exonucl ease of P. furiosus-derived

t her nost abl e DN@)p® databasedor daluslating ¢heaamount gf thess unjgetirganiby toodi f yi ng
the 31-5' exonucl ease of the DNA pol ynerase (Kong et al. (1993), journal of
bi ol ogi cal beldetected yn theosample, framdlse yoasYficalpacesiltad] the amplfCRtioms carri ed
out by using the primers (SEQ ID NGs: 61 and 62) to be wused for

i ntrodufct i prdoict alithetintendegr@engect ors pYES2- PFO1 as a tenpl ate and usi ng
KOD Plus. SEQ | D NO 61 GATTCTTGCCTTCGCGATCGCAACCCTCTATCACGAAGG SEQ | D NO
62 5 CCTTASHERT AGAGGGTTGCGATCGCGAAGGCAAGAATC A PCR program was

ied out by the follow heat i t 94C f 2 mn, then 94C
For 15 sec, sedPonemaliel Rl P suAHEalaq Hedte ECH Belelni cih was
ted 15 _ti . Aft ' th lLate int PCR sol uti
i geot cd wPoAdEING o me FLER 5o i bE TRUED Bl Fas Trm bl Bl
tent SkghiA: GOLL ¢ d ont
o e e by B S9StenT o EBS060 HhE VBBPLber ATBALTEA BcaBEREED, oLe o
37C f 16 : : ti chi g icofd ; | at
T B e TN b e A
nut ati on vasiecfld @SHG a5k Hgtatblg,gﬁlt@pgggnﬂ@i tion. Thus, a is vector

PYES- PF- MD1 was obtained. Furthernore, transformation and production were
carried oufpispmi | ar to Exanples (14) and (15), and P. furiosus-derived
nmut at ed t her nost abl e DNA pol ynerase preparati on was obt ai ned.

An example of the system for quantifying and/or identifying a subject
organism to be detected according to the present invention is described
20 below. THis system can include the following elements (units):
(1) a PCR reaction device;
(2) a computer system for processing data and outputting the results
of the data processing;
(3) a data processing software in which a program necessary for the
25 data processing is written;

(4) a database necessary for data processing;
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(19) Introduction of Mitation of Vector pYES-TGOL 20Mut ati on was introduced
.into a gene encoding the 31-5 exonucl ease of T. gorgonati us-derived

t her nost abl e DNA pol ynerase. The nutation was introduced by the same net hod
as in the (18) by using the primers (SEQ ID NGCs 63 and 64) to be used for
.introducing mutation, and vector pYES2-TGOL as a tenplate. 25 SEQ ID NO 63
GATGCTCGCCTTCGCGATCGCAACGCTCTATCACGAGGECG  SEQ I D NG 64
CGCCCTCGTGATAGAGCGT TGCGATCGCGAAGGCGAGCATC The base sequence was read

to conflrmthat herru tio lntroduced nthe e Pt and
thus a vect or SR B e Ao B PR liRG 5% BP S tezeiBn and
producti on ggrcg gﬂarl ed out simlar to Exanples (14) and (15), and T.

d

gorgonari u dert ¥ mut at ed t her nost abl e DNA pol ynmerase preparati on was
obt ai ned. [0202

et et abl o DS IEBlay de iRy dRAIENAG bk of B BBt bR GET
Const ructi on of AURKAROIERS theFeiatbisehis bgt'b\?éb?Pﬂh'eEé'o‘éK}lc%@Ciégﬁoﬁﬁ%ess' on DNA

Fragment As a vector intr u0| ng a transcription factor

expr essd onFidNfe Hpagrme by stehPird(udesla PER rétcfBeeicBYR Ledhputeher ei naf ter,
referred to as a 15"transcription factor expression DNA fragment

lntrodUCl ngystert Brd Hatepprbcepsing sedtidrFB3a dafd procesin niN(sdftwdrey i, M,
Tamai , Yshl kaV\?a @ aar:)r l\/gshllﬁg T. ,I andal\/brl P 0T. (|2(?C§>r5gral n((jum blre]i

Vi rus- nredl 8t adiatatizrseswoassafy far ﬁataepr@nepsmgeh gonirolssyspems fam- cul t ur ed
cells. Archives of Virology 151, 1075-1084) was used. The pER8 (-Stu) was
const r uct edomiyollingnkiengC& moemewerﬁy an@6busnda d|$|da$d|evpe|70n f act or
LexA- VP16- hER cont ai ni ng an estrogen receptor and a termnator TE9 to the
downst r eaml BEsS& MayRe PtQqui%b)bﬂ'ﬁﬁ@ltaélﬂg beper guorgriberastorhersanding and
hygronyci n-resi, stant ene as a drug-resistant marker. gzo 2{

Const riftt i Eﬁ?eﬁf'n@PB ﬁﬁn@&?‘r GH teRanits ZERRRFOIMed 8&&@'%3'9 algeet or
to §7. The quantification device can be constituted at least by the computer

system 2.
[0191]
In the PCR reaction device, the PCR reaction for quantifying and/or
15 identifying a subject organism to be detected takes place. The control
thereof can be performed using the control system 8. The following items
can be listed as an example of the items of control in the control system &:
A) condition setting at the start of an amplification reaction;
B) condition setting for the number of cycles for amplification and for
20 temperature control;
C) condition setting for the measurement of the Tm value;
D) condition setting for the termination of reaction; and
E) condition. setting for non-displaying the amplification of an unintended
gene on the display device. |
25 From these condition setting items, control items can be selected and

set according to the particular object. The condition setting and the working
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A TolW variant in which a gene encoding the envel ope of ToM/ was
_Substituted with a gene encoding T. aquaticus-derived DNA pol ynmerase (SEQ
ID NO 65) was used. SEQ ID NO 65 s ATGAGG GGGATGITGCCATTGITTGAAC
CTAAAGGGAGG GITTTACTCG T G GAT G GC CAT CAC CTIT GCTTATC GTAC TTTC CAC G CTC
. TCAAA G GITTA ACAACCTCTAGGECGAGAGCCAGI TCAAGCTGTGTACGGGT TTGCAAAG
TCACTCCTTAAAGCCT TGAAGGAGGACGGTGATGCCGTTATCGTGGTAT TC GAT G CTAAA G CAC
CAAGTTTTA GA CAC GA G GC TTAC G GAG CCTATAA 10

GGCTGGACGT GCACCAACT COCGAGGAT TTCCCAAGACAACT CGCCCT

GATAAAGGAGPT theTa@msiionsCIarazA PECCUTAGEF NEGARGEREOEEPOIrame TAAG C TG AC GAC
GITTTG G C C TCA CIT, GC TAAG AAAG CAGAAA AG GAG G

GCTACGAAGT PIRSFATIarae Aenendad ARAIRE T AT e control system 5a or Sb.

ACT Gr TATCT TAGGATTCATGTGCTTCACCC, CGAA ACCTTATCA i

RERITANER S cﬁﬁcﬁﬁ@ﬁ?'éﬁ@ﬁﬁﬁ*ﬁ) Eedivst G CaCT CAC
&&%&%ﬁ&%ﬂ&mwgm TG C@A‘@E&?@d&%s@fbﬂd’f@@é G CAC TTTT

AGcAAR AT AR AR o et A A A3ARS 58 Y ASBRRRIS A canc

%EQ@W%%%@%&&F&%@%&%M&&C CAC GAGTTC

G GTTTCCT THBGEE T cntFdiie L%I%%GTI%S%%% fo%@?t@ afaghC
CTGAAGGOGCT TTTGITGRGT TG G 11U CAGTAGGAACGAACCTATGTG. GECAGACTT GCTOGCCCTAGCAG

25 CT G CAQrc%@siﬁ FecdN@NEated INMSCERPUTEE sYstentPAE SepafdteyG G CAC
TCAGAGATCT AGGGGOCTCTTGGCAAAGGACCTA CCG TGCTTGCAC TCAGG
GAAGGAT TCCorvTdd Alfe &3 s BRI BE\PfICEAsIng from the data processing section 3
TGTTATTGGCTTACTTGCTTGACCCAT CCAATACCACACCCGAGGGAGT

T GCCCAMAGCERT QBBEEHEACHRPAET CASBM G RO TIMEBMRBEt he results, a signal for
CCGCATTGAGT GAGAGGCTATTTGCCAACT TATGGGGGAGGTTGGAGGS s
GGGAGGAACCTaTt GG thedT ¢ RAGEGHGAGETIGEASITBTOntENGom the control system 5b
GTGCTGTATTAGCT CACAT GGAAGCTACAGGCGTCCGTCTAGATGTTGC
TTACTTAAGECheRatipt mechAGETCEEA iR Rosestientexice for the working of
GAAGCTGAAGTHI T GCAGGACACCCI TTTAATCTCAATAGTAG
GGACCAACTC&E@A@@% R ACTRERtpOEeYeSrRif] cpptrol is enough

WWW%WM@@W%MR%%%@ reaction is cortrolled
ATTCACOCAR RSB e CaaTcanacoocan.

CAGCTACT TATCATCTTCCGACCCTAACTTGCAAAATATACCT i s
GITCGTA CAGAGAATACGTAGAGCTTTCATTGCCGAAG

AGGGATGGCTCTT %ﬁg
UA&A@&TTA%@E%A&%% tfa signal from each uni

GGGAGAGATAY, %@gﬁI In the data processing
AGGGAAGCCGT AGA CATGAGAA AAAACAAT TAATT

TCGCCGT GT TédMNaaRAA & SR d.G6r example
CAATCCCCTATGAAGAGGCT CAA! CATTGAGA ATTTTCAGTC

CTTTCGAAAGGT GCGY (R prdoas 5ina R AN (a3 s GAERR@mpATidation reaction (for
AGGAGAGGGTATGT GGAAACT CT ATTTGGCAGACGT AGGT ACGITCCTG

ACCT CGAAGEENGIE T AA(E FDA W G i bthe PCR reaction
CATTCAATATGCCTGT TCAAGGAACAGCT GCAGACT TAATGAAATTAGCT

ATGGT GAAGTAEMIGR,CCAAGGT TAGAGGAAAT GGGTGCAAGAATGCT CC

TACAGGT CCATGATGAGCTAGT GT TGGAAGCACCT AAAGAGAGGGCA

AGGCAGT AGCCAGGTI GHtRRAGRESEEATOIA @@wrf@nmwg identifying a subject

TTGCTGI CCCCT TGGAGGT GGAAGT CGGGAT CGGT GAGGACTGGT TAT . CCGCAAAGGAATGAGCTCACTAGT S
organism to be detected using the results of the PCR amplification reaction;

25 fii} the processing of a signal output for controlling PCR reaction

conditions in the PCR reaction device: and
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The conpl ete gene sequence of T. aquatics-derived thernostable DNA

pol ynerase was synt hesi zed at GenScript. At this tine, the codon sequences
were optim zed for a tobacco BY2 cell. As a vector for transformation, the
vect or pBlI CER8- ToMV/ Tag- SRz for introducing a protein io expression DNA
fragnent into a host cell (tobacco BY2 cell) was constructed by using a Ti
pl asm d having an estrogen-induci bl e pronoter OLexA-46, linking cDNA of a
ToMW variant to the downstream of the OLexA-46, and incorporating the

ri bozynme sequence S-Rz of satellite tobacco ring spot virus and 35S

term nat or (35St PEecessingsfor cemmanding iy dispy C&iﬂﬁ%fesr-ﬂtﬁr@'ftb@ &t on St ep:

I ntroduction of Transcri.ption Factor Expression DNA Fra into Host Cell
A'veotor . pERETEN FcBA POUERIHGOR ORI A DrRRONEe

g‘?‘%&%ressi on DNA
T S LTS PV eh oD R RSB B EEL 12
cont ai ni ng SSEE RAREPASY BBvisgr' ). "Next. thi's was i xed wi th tobaceo BY2
12 to 45 hours S0CSSProtsPeREle peffbiied PShbAabebih e Praih Stort D 0
so 14 medi L R e de R A B 0B g 1) an
hygronyci naddifloAtWhen adAAabase RIrddeESagtfer HaRNFoeEsHag (tABdsermBen cel | s.

(20-4) Selection Step: Selection of Transcription Factor high Expression

Tr ansf or magfored in theAfmagasd2 i ueesf Pornaxaraple! HtiowBdataldan.bea cell |ine
havi ng a hi gh expressi on anount of the transcription factor was sel ected

accordi ng storédhes medatbbasef northern blotting. The "cell line" herein
denotes an individual colony forned by proliferating transfornmed cells.
[ 0203]1010( 20- 5) Dstecobidinadidfinehdhenxhown cBgapismsmas eueféroncafwifernthe n
Expressi on DNA Fr agnment o ]
signal obtained by the amplification reaction using PCR is processed to
guantify and/or identify a subject organism to be detected.
Various Tm values (including various combinations of Tm values for
guantification and/or identification from Tm values) obtained from known
15 organisms, when the quantification and/or identification of subject organism
to be measured is carried out using the previously described Tm value.
[0183]
The data processing program 6 and the database 4 can be stored in a
medium in the computer system 2. Alternatively, at least one of these may
20 be stored in a movable (portable) medium separately provided or
accommodated in a medium so that it can be distributed using the Internet for
enabling the use thereof by connection to the data processing section 3 at

the time of use.

25 Examples

[0194]

101



To the above-obtained transcription factor high expression tobacco BY2 cel
~line, a virus vector (pBlICER8-TOM/ Tag-SRz) was introduced by the
Agrobacterium nmethod to obtain transformation cells. 15[0204] (20-6)
Cul ture of Tobacco BY2 Cell, and Protein Expression and Extraction The
.transfornmed cells obtai ned above were kept in 15 m of liquid culture, and
1/ 200 amount of the culture was subcultured every seven days. 20In
addi tion, 1/50 anount of the culture was subcultured, and to the 2 days-
precul tured cells estrogen was added at the final concentration of 0.01 mV
whi ch was t hen Elgreinaer, the prasenhigiventign agascriprrdn detailuyith iferepsat ri f uged

o P B o B by RSl B,
05 20 R o DU o o PO 00 (50 T

e et ot T el RS0 L0150 1 1
g e T S e T

DNA sequeng,eoo(g]fc its @quati cs-derived thernostabl e DNA pol ynerase was
synt hesi zed at &ienScri pt (SEQID NGO 41). At this tinme, the codon sequences
were opti n[oq@g]for A. oryzae. A gene encoding the 10 thernostabl e DNA
pol ynmerase was” desi gned such that a Pnel restriction enzyne site was
i ntroduced i nt o(BxXaengle -y m nal sequence and an Xnal restriction enzyne
site was introduced into the 3' term nal sequence. SEQ ID NO 41

(1) Synthesis of DNA :

10 Complete DNA sequence of T. aquatics-derived thermostable DNA
polymerase was synthesized at GenScript. At this time, the codon
sequences were optimized for a yeast host, S. cerevisiae. The synthesized
DNA was incorporated into. a plasmid pUC57 provided from GenScript, and
thus a vector pUC-TAO1 was obtained. The gene encoding thermostable

15  DNA polymerase was designed such that a Hindlll restriction enzyme site
was introduced into the &' ferminal sequence and an EcoRl restriction
enzyme site was introduced into the 3' terminal sequence.

(2) Construction of Vector for Expressing 7. aquatics-derived
Thermostable DNA polymerase

20 The synthesized gene encoding 7. aquatics-derived thermostable
DNA polymerase was inserted into plasmid pYES2 (Invitrogen) so as to
construct a vector pYES-TAO1. For the gene encoding the thermostable
DNA polymerase, the pUC-TAO1 was digested with the restriction enzymes
Hindll and EcoRI (TaKaRa Bio), which was subjected to electrophoresis with

25 1% agarose gel (Wako) and the gene encoding the thermostable DNA

polymerase was recovered by using a QlAquick gel extraction kit (Qiagen).
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ATGAGAGGCAT GCT GCCACT GT TCGAGCCAAAGGGAAGGGT GCT GCT GGT GGACGGACACCATCTGGC 15
CTACAGAACTTTTCACGCT CTGAAGGGACT GACCACAT CACGGGGEGAGCOCAGT GCAGGCTGTGTATG
" GATTCGCTAAAAGCCT GCT GAAGGBCCCT GAAAGAGGACGGAGAT GCT GT GAT CGT GGT GT TCGATGCT
AAGGCCCCTAGCT TTAGACAT GAGGOCT ACGBOGGAT AT AAAGOCGGACGOGCT CCAACCCOCGAGGA
. CTTTCCAAGGCAGCT GGOOCT GATTAAGGAACT GGT GGAT CTGCT GGGACT GGCTAGGCT GGAGGT GC

COGGCTACGAAGCT GACGAT GT GCT GGCCT COCT GGCTAAGAAAGOCGAGAAGGAAGGCTACGAGGTG 20
CGCATCCT GACAGOCGACAAAGAT CTGT ATCAGCT GCT GT CTGACAGGAT CCACGT GCT GCAT CCOGA
GGOGT ATCTGAT TACT O GOCT OO GT GOGAAAGT ACCOICT GAGACCAGACEACT ST GAT T
ATCGGGOCCT TUCLCe AgestracrtiaelrCand BatiT alaRaiRAarscace

AGGAAGCT .GqA eel_e AAAAAT CTEGAT AGACT GAAGCCOGC

CATOOGGGA CRREEES GM 25
m&cﬁw T GCCAGAT CGGGAACGCCTGAGGGCTTTC
"GGEOCT GCTGGAAAGOCCAAAGGCT CTGGA
CLGATTTGT GCT GT CCAGGAAAGAACCAATGT
5T GLACOGOGOCECTGAGOCATACAAG
- GAGGGA

CACTA 5

CCCCAGA! EEHal A AROE b ErE S ESIEABT @%@gﬁ
TCCGAA GITCGCTAATCTGI GGGCGAAGECT CGA GAGGAAAGGCT GT ACCG
%W%Amqﬁrgmg@@&m@ﬁ%@ﬁ ASIHRREESAEe CHARCEIICG
CTTATCTGAGGGECCCTGT CTCT GGAGGT GGCTGAGGAAAT CCCCAGACTGGAGECTGAAGT GTITCCGG CT
GCGCCCGACAT BEUNEAPEET BRK MG L CACECETEERABAFHAACT GGG 10
GCTGCCT GCCATTGGCAAGACCGAGAAAACAGGGAAGCGCT CAACAAGCGCT GCT GIGCTGGAGECTC
TGAGGGAAGCT CACCEHI/RTOGTI N CAAGAIFICH CSABTACA TRBANOT (T ANACPGNIRTaSACC
TATATCGACCCCCTGCCTGATCTGATTCACCCTAGGACAGECAGACTGCATACTCGCTTCAACCAGAC
AGCTAGTGCCACSCCARNSIHESAGCT CCTCT GACCCAAACCT GCAGAATAT CCCTGTGAGAACCCCAC
TGGGACAGCGGATCAGGAGAGCT T"TATTGCT GAGGAAGGATGECTGCCTGGIGECTCTGGATTACTCC 15
@mmwm@mm@m

CAGATTGAGCT GA

@wm&%ﬁgﬁﬁ%ﬁéﬁ% ”&éw%%?

which were suspended in a disruption buffer solution (50 mM Trls-HCI,

15 pH7.5, 50 mM KCI), and the cells were disrupted by using 0.5 mm glass
beads and then subjected to centrifugation at 12000 rpm for 30 min so as to
obtain yeast homogenate supernatant and precipitate for. cell extracts.

(5) Study of Solubilization Conditions for Thermostable DNA
Polymerase by Heat Treatmént

20 As to cell extracts, solubilization conditions of thermostable DNA
polymerase by heat treatment were studied. Figure 2 shows SDS-PAGE of a
supernatant obtained after yeast homogenate precipitates were suspended in
an equal amount of the disruption buffer solution, heat-treated at 45°C, 50°C,
55°C, 60°C, 65°C, 70°C, 75°C, 80°C, 85°C, 90°C, 25°C, and 100°C, and

25 then centrifuged at 12000 rpm for 30 min at 4°C. When heat-treated at 50°C

or higher, a band of the thermostable DNA polymerase as a target protein
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20 GCAGGAGATATGT GCCTGACCT GGAGGECCAGGGT GAAGT CAGT GCGCGAGGCT GCCGAAAGGATGGCT
TTCAATATGCCTGT GCAGGGAACCGCT GCCGACCT GATGAAACT GGCCATGGT GAAGCTGTTTCCACG
" CCTGGAGGAAAT GGGGGCTAGGAT GCTGCTGCAGGT GCAT GATGAGCT GGT GCTGGAAGCCCCAAAGG
AGAGAGCT GAAGCCGT GGCT CGGCTGGCCAAAGAAGT GAT GGAAGGCGT GTACCCCCTGECTGT GCCT
. CTGGAGGT GGAAGT GCGAAT CGGGGAGGACT GGCTGT CCGCCAAGGAATGA 25 (21-2)
Construction of T. aquatics-derived Thernostabl e DNA Pol ynerase Expression
Vect or A TEF pronoter (SEQ ID NO 66) and a SD termi nator (SEQ I D NO
67) were inserted into the Hndill and Kpnl restriction enzyne sites of an
aut ononous waspstectednwhen tncl4reatsed atra {griidrature TaitaB&°Bito ) 0PO, thigt ai n the
vector pPTR-TEF-SDt. SEQ ID NO 66
GCGGCCGCGGaTMBOANOBTELY CrataECAarEHTTCHGANADASEW A CSANESACETAGEITAGACGCGC
GACTATCCACT GCGCCAAAT GGT GAGCT GCAAGCAACGGT AAGAT GT GACAGGACGAGCGGTGTGCCGGGAA 10
AAAAAT TGGACEINTER ot mentattitiEGrchmhendnedhamumstapia CaA MROEASTRSEAGRCCAAGCA
TGGGCAGT GAGCGECTATACAGAGGGAATAATAGGECATAT CGECACGACTAGATTCCGTAGAAAGCATCGAA
GAGCAATTCATeHBSde Aot taetihenthermasiabier BN o XmS TR RAMMYCGCAAGT GAAAG
ATACACACAT@%CGATTCGAGCGGI TTGCCTCCGCCACCGCAGT GCATAGCAAGCAAAGAAACGACA
TACATCATTTTTTCTACTGGCTCCGCTCGGTGGGCTCCCAACGAAGCAGCAAAALA i S
/ GCTAGACCC TTTGGCTCGCTTAGT CAGTGCGCCCA
CTTCT CATCACCGT CTTCATACCACGGTTCGTCA
AGCAATCGTATCT TGCTATTTCTTGGATCTGCTCTTTC
TTTTCTCTCTACCT ACTTCACTCCATCTTCCTACGTCA

%ﬂéﬁé&&%&%&%@xﬁ&&&&%&%&ﬁ%ﬁ%ﬁ%ﬁ%

CATGCATTTA@%?%GA AL ST SNy f
ACTACAACTTA CACACGCAT TCATGI GACGCCCAACACCT CTAACTCATCEEEEcAACT 25

CACCTGAAT CESHBBSHERTPIEIRG 10 mM Tris-HEIpMEB)P1 GINE6T ME |80 RIoff 1 om
Aur eobasi di um pul | uans, and the SD term nator was derived from

Col l etotri KandZﬂ)@uNBofeGiN'an Betthe Printdre S BEY D NON: i8Ci @l By wiegR usi ng the
extracted genone DNA as a tenplate (SEQ ID NGs: 68, 69, 70, and 71). They
wer e desi gadded so thatteschRuas OahaMXnal

SEQ ID NO: 83 gatgagttcg tgtccgtaca act

SEQ ID NO: 84 ggttatcgaa atcagccaca gegece

15 The lambda DNA in the amount of 0.2 ug was added, and the
thermostable DNA polymerase preparation in the amount of 1 ul was added
after a dilution series was prepared so that the above-mentioned centrifuged
supernatant became 1/4, 1/8, 1116, 1132, and 1/64, and they were prepared
with ultrapure water so that the total amount became 50 pl. A PCR program

20 was carried out by the following program: 94°C for 1 min, 50°C for 30 sec,
and 72°C for 1 min in one cycle, which was repeated 30 times. Each PCR
reaction solution was subjected to electrophoresis with 1% agarose gel to
visualize the amplification product.

(6-2) Definition of Thermostable DNA Polymerase Activity
25 The unit of the obtained thermostable DNA polymerase was

determined according to the method described in Procedures in nucleic acid
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Srestriction enzyne sites were introduced between the TEF pronoter and the
SD terminator. SEQ ID NO 68 GCGGCCGCGGGTGCAAACGGTGGTCAAA SEQ | D NO 69
ATATCTAGAGTGACGTAGGAAGATGGAG SEQ ID NO 70 10
GITTAAACAGATCTCCCGGGTAAAGCGECGTIGCTCTGCAC SEQ ID NO 71
TATGGTACCGCGGAGGCTGAATCGGAT Next, a gene encoding T. aquatics-derived
t her nost abl e DNA pol ynerase was inserted into the Pnmel and Xmal restriction
enzynme sites of pPTR-TEF-SDt to obtain a vector pPTR TEF-Taq. Furthernore,
in order to is add a FLAG tag, anplification was carried out by using the
vect or pPTRIERrda(Risbardspenpl & ¢1%66G) DiYAuwilymgenase from mecéedefsagoéd such
that a Pnel restriction enzyne site was introduced into the 5 term nal

sequence aRH d3-RAkIINGdt GanteairanchDyReDavies (afd). Artivetritsalmomt o the into
the 3' term nal sequence (d;%g ID NGs: 72 and 73), followed by being
i nserted i APYM RNAWES Usg exirlate/gimerc enactiviy jerdakingeld emot ofe

AT AGTTT AAAESTEISAS THPRABEA TR A5 BROMREAISRNaEs ! (HCISEAR 81 BERD 1 b NO: 73
Voot or SPTRENEY. TRASH] S0 Fe B AL TS e Ptk obed w BBTIAR B8 i 11 us
o122 PR TR TS SRR S oo RSP RE SR AEL M . o o
0,6, CL . gy BLOATEIERTEL s AN o B RaciB Q o]y Lopos, 1,0
Na213407- 1B4#iolf- 4l 025%hg/ilackid 2 EMARonEpem BA) dsUefined as 1U.
(6-3) Detection Limit of PCR '
10 Figure 3 shows the detection limit of PCR using Escherichia coli DNA
as a template. From 100 ng to 10 fg, a PCR amplification band was
detected; from 10 fg to 1 fg, no amplification band was detected. Escherichia
coli DNA was extracted and purified from Escherichia coli JM109
(manufactured by ToYoBo) by using DNA extraction kit FastPure DNA Kit
15 (manufactured by TaKaRa). The reaction solution was prepared éo as to
have a composition including 10 mM Tris-HCI (pH8.3), 1.5 mM MgClz, 50 mM
KCI, and 200 uM dNTPs. As primers, SEQ ID NOs: 85 and 86 were added
so that each was 0.4 pM.
SEQ ID NO: 85 agcagccgceg gtaat
20 SEQIDNO: 86 ggaétaccag gotatctaat cct
As a template, Escherichia coli DNA dilution series including each 10™
from 100ng to 1 fg was formed and added. The 1 U of thermostable DNA
polymerase preparation was added and prepared with ultrapure water so that
the total amount was 20 ul. A PCR program was carried out by the following

25  program; 94°C for 1 min, 50°C for 30 sec, and 72°C for 30 sec as one cycle,
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g of Agar per 1L; and adjusted to pH6.5 wth 1IN KOH) at 30C, and this

cul ture was suspended in 10 m of 0.1% Tween 80 and 0.8% NaCl, the
10suspension was filtered through a glass filter (3@&), and the filtrate
was collected. The filtrate was centrifuged at 3,000 rpmfor 5 min to
deposit conidia, and the supernatant was renoved. The conidia was washed
with 10 m of 0.1% Tween80 tw ce, and then suspended in an appropriate
anmount of sterile water to obtain a spore suspension. 15The spore

suspensi on of A otyzae was inoculated into 100 ml of CD liquid medium and
cul tured wvhithohakrerbatéd 80@nay. REcthPURSreaction sblifliopulas sebjesedftol t er ed
through a glass filter (3GlL) to collect hyphae and washed with sterile

wat er, t heelegfropleorssisewitiel & byarsepl td eisualixd theeamplificationpsodudtf i ciently
removed fromthe hyphae. An appropriate anount of 20 hyphae was added and
suspended i n a &9lGonstnucfion ofiflectoy for BxprpksiagsT. iaguatié®detivednt ri f uge t ube
made of pol ypropyl ene, and gently shaken at 30C for two hours to nmake the
sol uti on iﬁgernmatablgltasﬂd?olmegeaﬁere filtered through the glass filter
(3&), and the filtrate was centrifuged at 2000 rpmfor 5 mn to collect
prot oplBast s whi Sl9eRErNGRAEIEE aFuatics-denivre dnermpstableBNADDIIRSRaSE! ast s wer e
suspended in a Sol ut.ion 1f0.8, M I\ECI 10, MM Cad 2, and 10 nmM Trj s- HCl

(pH8. 0)) avaginsesied intoyp glasmid\klIG A Gnvilroggn)itg epnsiruch aorectaRBICPEG4000,

e i
aﬁded gnd ggﬁ?%@%ﬁeﬁ@ afn%l{g%ﬂérﬂapee?%—gg%ﬁg%@t@kﬁgig?gﬁg for 15 m E

T , .5 mi: i ) Xt ,
cnepensi orf timBre i BRCHIARCR (30 IR AV aiEBE| Vel SREBAEE Ul L e
super Rt anhat BAEJRE rESPERH @ﬁiyﬁngﬁgg y@é&anigﬁragﬁéed & tie H"teﬁfuintgre Sol ution

1. The protoplast suspension was suspended in 5 CD soft

agar sl ecidaieritadinga NotTRdiritiioh BrpfinGsibyad i dlict i EBETBI UM vas nade
to be 0.5% 0.8M NaCl and 0.11.tg/m Pyrithiam ne (TaKaRa Bi o) were added

thereto arlérmh@[gng@,ure was kept at 50C). The suspension was seeded on
CD sel ection medium so that the protoplasts were dispersed uniformy and
cul tured a8EQAD NOx 83ecegaditystgagdhgdat ditdaoattg of A. ol yzae and Production
of T. aquatics-derived 15 Thernostabl e DNA Pol ynerase The transformant was
i nocul at edSEQ 1608OnB8FHaagDggecy otvatinctt tgrggatasd at 30C for four days. They
were centrifuged at 5000 rpmfor 10 min to collect cells, the collected
cel | slfere suspd@Bearograna wasscarped ot byithefollowling peygramo hasting gt - HCl |

pH7.5, 50 nM KAl ), and cells were disrupted bé 20usi ng 0.5 mm of gl ass
beads, and?4°kei®r 2uBjre RO FrratE s £676TPr 80 seo@ndPSYHY foR 21 mimd

hor st g BRSSP SUGE. WHICD WEBTSRSEH T o0 tERE ot g PRrperocuet "+ M

was then subjected to electrophoresis with 1% agarose gel, and PCR
fragments were collected by using QlAquick gel extraction kit (Qiagen). The

20 PCR ampilification product and pPICZA were both digested with EcoR[ and
Notl (TaKaRa Bio), and the PCR amplification fragment was ligated to
provide the plasmid pPICZ A by using DNA Ligation Kit Ver.2.1 (TaKaRa
Bio).

(8) Transformation of E. coli and Extraction of Vector
25 The ligated véctor was introduced into £. coli competent cell DH5q

(ToYoBo). Since the Escherichia coli transformant requires Zeocin as a
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Tagged protein Imunoprecipitation Kit (Signma), and T aquatics-derived

t her nost abl e DNA pol ynerase preparati on was obtai ned. 25(21-5) Exam nation
“‘of Contamination of Non-specific Nucleic acid by PCR Figure 7 is a
phot ogr aph of agarose el ectrophoresis showi ng whether or not non-specific
nhucleic acid is contam nated by using the above-nentioned thernostabl e DNA
pol ynerases. The lane 1 shows a marker, the |lane 2 shows PCR w t hout addi ng
a-tenplate, and the lane 3 shows PCR 5 using Escherichia coli DNA as a
tenpl ate. The PCR was carried out by using SEQ ID NGs: 85 and 86 as a
primer, angelesdiopgrrkemiieras seededaaioad basox lifed) @gRCRediNmtGostRiBie@posi t i on
were made to be the same as in ( and 45 cycles were_carried out. This

o T ol ot oy S b HEHO R ore e
s cal SR e kT S e S et o
Ther most a0 B Free o8 et o SR B IR B s
e above. BDR APRERST nethRLralibe Ferdh tfrarudR el P AR E A R 2
or epar at 1 oROpEI e e SR e Ppr o ATl EREs T LERL REIE TR, PO Ve ae

t her nost abl,gs[Weipajyer ase preparation (Figure 8B and Figure 9 B), and
mut ated T. gorgonarius-derived thernostabl e DNA pol ynmerase 20preparation

(Figure 8 C and(dyi mranefoPm&lion WhiFC pav@iie produced by using S. cerevisiae as
a host, | aquaticus-derived thernostable DNA pol ynerase preparation (Figure

8D, Figure 9D) phedwckat pXESTIAN] wWas rvsiduced irte yeabbRichianadshoris
aquati cus-derived thernostabl e DNA pol ynerase preparation (Figure 8E,
Fi gur eL®E) Q§1ddusteainby Trasisfogmisitibaceas &ried asit by lusitg FastTtaui YaYieast 25Fi gur es
8A, B, C, D and E show an anplification curve, and Figures 9 A B, C, D and
E show a néransfermationdit { @epe dechrolpgyThince the yeastdeansiowantcase
requires Zeocin as a selection marker, it was seeded onto a YPDS (Difco)
agar plate containing 100 pl/ml Zeocin after recovering in YPD medium
(Difco) for three hours. Then, the agar plate was stationary-cultured at 28°C
15 for three days.
(10) Selection of Transformant
In order to obtain a thermostable DNA polymerase high production
strain, a transformed- colony from the agar plate was inoculated and cultured
on a YPDS (Difco) agar plate whose concentration of the Zeocin contained
20 was sequentially raised from 500 pg/mi to 2000 pg/ml, followed by selecting
transformants with multi-copy of the inserted gene. They were cultured on
agar plates at three-staged Zeocin concentrations: 500 pug/ml, 1000 pg/mil,
and 2000 pg/mi, and each of them was stationary-cultured at 28°C for three
days. The transformant that had been grown in the YPDS (Difco) agar plate

25 whose Zeocin concentration was 2000 pg/mi was used for the following

thermostable DNA polymerase production experiment.
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in which a tenpl ate was added, and the broken |lines show a case in which a
tenpl ate was not added. The real-tine PCR reagent was the sane as that in
"(17). The real-time PCR programwas carried out at 94C for 1 min, 50C for
30 sec, 72C for 1 min, and 84C for 2 sec as one cycle, followed by 5
_detecting a fluorescence val ue, which was repeated 60 times. The results of
the real-tine PCR show that the use of the non-display nethod enabl ed an
anal ysis without detecting a non-specific anplification product or a signal
of the anplification curve of bacterial DNA which damages the
quantificafd1®]in the real-tinme PCR 10[0206] (Exanple 2: Quantification

| dentification A by Non-Di splay Mt hod) Hereinafter, T.

aquaf i cus- deri vE&d tRreductinradi 'é Nstiosidpnyed JiepnostabiaiDBIA Belymerasst S.
cerevisiae is referred to as "e-DNAP". [0207] 15By using the above-obt ai ned
e- DNAP, quantlfTbattf&mﬁquﬂ'@ﬂTE Mﬁﬁdﬁ@ﬁﬁldﬁte@lflnam@aﬁb@ MY medion-andpl ay net hod
was trled The real -time PCR was carried out in a systemwhose total anount
was 20 ji LWB§ chéHrag Wé'&ﬁhﬁk'ﬁﬁ ghER° rfehen day sgrsdpdneease g pEoyat

Di agnostics and . Rot ne 6000 d real -tinme
PCR by & hedk G [SoulTaGH b AL (b OSORT ) R 55 HeManSh e Suni ver ool
primers for ectl n bact Fqr CP(SCSCBA (SEQ I D
NO  43) Re@%&%‘i redi%%c@&éb&‘fﬁ?@%ﬁﬁ%%&“{%&éeﬂﬁ Thgsd % DNAP (5
uni ts/4): %\IA' r : 24, 25
SYBR G eengqnjr #Aﬁ%’)q%bﬁlﬂ%gfg%% ﬁ@sggﬁeﬁée%éélﬁﬁﬁog % JiM: 0.8

o3, cdfitn Bt g 16B0%0TUHIGS, 50 A R TEhS 1ER1s3berb idoRdd BpCL2

11.1, 2
using 0.5 mm glass beads. Next, they were subjected to heat-treatment at

10 70°C for 60 min, and subjected to centrifugation at 12000 rpm for 30 min, and
a supernatant containing 7. aquatics-derived thermostable DNA polymerase
was obtained.

(12) Construction of Vector for Expressing P. furiosus-derived
Thermostable DNA Polymerase

15 A gene encoding the P. furiosus-derived thermostable DNA
polymerase was inserted into the plasmid pYES2 to construct a vector pYES-
PFO1. The gene encoding thermostable DNA polymerase was synthesized
by PCR using P. furiosus genome DNA (ATCC 43587D-5) as a template.
Primers to be used for PCR (SEQ ID NOs: 89 and 90) were designed such

20 that a Kpnl restriction enzyme site was introduced into the &' terminal
sequence and a Notl restriction enzyme site was introduced into the 3'
terminal sequence. The PCR was carried out by using KOD Plus.

SEQ ID NO: 89 gggggtacca tgattttaga tgtggattac
SEQ ID NO: 90 ccecgeggecg cetaggattt tttaatg
25 A PCR program was carried out by the following program: heating at

94°C for 2 min, then 94°C for 15 sec, 56°C for 30 sec, and 68°C for 2 min
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Water PCR grade: 8.4 pi_ 5Furthernore, the programof the real-tinme PCR was
carried out according to the conditions described in Table 1. [0208] [Table

"1] Table 1

10

15

20

25

Program Anal ysis Mode Cycles Segnent Tartlet Tinme Fluorescence

and 30 sec as one cycle, which was repeated 30 times. The PCR product
was subjected to electrophoresis with 1% agarose gel, and PCR fragments
were recovered by using QlAquick gel extraction kit. The PCR amplification
product and pYES2 were both digested with Kpnl and Notl, and the PCR
amplified fragment was ligated to provide pYESZ2 by using DNA Ligation Kit
Ver.2.1. |

[0198]

The ligated vector was introduced into E. coli competent cell JM109
(ToYoBo). The Escherichia coli transformant was seeded onto an LB agar
medium containing 50 pl/ml ampicillin, and stationary-cuitured at 37°C for 16
hours. The Escherichia coli colony from the agar plate was inoculated and
used for direct colony PCR and the base sequence was read so as to confirm
that the thermostable DNA polymerase gene was incorporated correctly.
Thus, a vector pYES-PF01 was obtained.

' (13) Construction of Vector for Expressing T. gorgonarius-derived
Thermostable DNA Polymerase .

A gene encoding the T. gorgonarius-derived thermostable DNA

polymerase was inserted into the plasmid pYESZ to construct a vector pYES-

TGO1. The gene enceding thermostable DNA polymerase was synthesized

by PCR using T. gorgonarius genome DNA (ATCC 700654D) as a template.

Primers used for PCR (SEQ ID NOs: 91 and 92) were designed such that a
Kpnl restriction enzyme site was introduced into the 5' terminal sequence
and a Notl restriction enzyme site was introduced into the 3' terminal
sequence. The PCR was carried out by using KOD Plus.

SEQ ID NO: 91 gggggtacca tgatcctcga tacagac

SEQ ID NO: 92 cccgeggeeg cteatgtcett aggttttag
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Tenperature Acquisition Mdde Pre-incubation None 1 1 95C 2 m n None
Amplification Quantifi- cation 50 Denaturation 95C

10

15

20

25

A PCR program was carried out by the following program: heating at
94°C for 2 min, then 94°C for 15 sec, 60°C for 30 sec, and 68°C for 2 min
and 30 sec as one cycle, which was repeated 30 times. The PCR product
was subjected to electrophoresis with 1% agarose gel, and PCR fragments
were collected by using QlAquick gel extraction kit. The PCR amplification
product and pYES2 were both digested with Kpnl and Notl, and the PCR
amplification fragment was ligated to provide pYES2 by using DNA Ligation
Kit Ver.2.1. |
[0199]

The ligated vector was transformed into E. coli competent cell JM109.
The Escherichia coli transformant was seeded onto an LB agar medium
containing 50 pl/ml ampicillin. Then, the agar plate was stationary-cultured at
37°C for 16 hours. The Escherichia coli colony from the agar plate was
inoculated and used for direct colony PCR and the base sequence was read
s0 as to confirm that the thermostable DNA polymerase gene was
incorporated correctly. Thus, a vector pYES-TGO1 was obtained.

[0200]

{14) Transformation of Yeast

The thus obtained vector pYES-PF01 and pYES-TGO1 were
introduced into yeast (Saccharomyces cerevisiae X2180 strain). The
transformation was carried out by using FastTrack™-Yeast Transformation
Kit.

(15) Production of P. furiosus-, T. gorgonarius-derived Thermostable
DNA Polymerases

The obtained transformant was cultured with shaking in 100 ml of SD

medium (0.67% Bacto yeast nitrogen base and 2% Galactose) at 28°C for 72
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15 sec - Anneal i ng 55C 15 sec - Ext ensi on 72C 15 sec - Melting Curve
Anal ysi s

hours. They were centrifuged at 5000 rpm for 10 min to collect cells which
were suspended in a disruption buffer solution (50 mM Tris-HCI, pH7.5, 50
mM KCI) and the cells were disrupted by using 0.5 mm glass beads, and
then subjected to centrifugation to obtain yeast homogenate precipitates. To
5 the precipitates, the disruption buffer solution in the amount two times as the
wet weight of the precipitates was added and suspended. The suspension
was heat-treated at 70°C for 60 min and centrifuged at 12000 rpm for 30 min
to obtain a supernatant containing the thermostable DNA polymerase.
[0201] |
10 (16) Examination of Contamination of Non—Speciﬂc Nucleic Acid by
PCR
Figure 4 is a photograph of 1% agarose electrophoresis showing
examples of investigating whether contamiﬁation of non-specific nucleic acid
is observed by using each of the above-obtained thermostable DNA
15 polymerase preparations, TaKaRa Taq (TaKaRa) and AmpliTaq Geld LD
(ABl). The lanes 1, 4, 7, 10, 13, and 16 show the results of 40 cycles of PCR
without adding a template, as well as the lanes 2, 5, 8, 11, 14, and 17 show
the results of 60 cycles of PCR without adding a template. Furthermore, the
lanes 3, 6, 9, 12, 15, and 18 show the fesults of 30 cycles of PCR using 1 pg
20 of Escherichia coli as a template. The procedure was carried out by using
- SEQ ID NOs: 85 and 86 capable of amplifying 259 bp Escherichia coli 16S
rRNA gene as primers in the same temperature conditions and PCR solution
compositions as those in {6-3). As a result, although a template was not
added, an amplification product of bacterial 16S rRNA-derived gene was
25 detected in 40 cycles with TaKaRa Taq and in 60 cycles with AmpliTaq Gold
LD. Furthermore, inthe thermostable DNA polymerase produced by the
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Melting Curves 1 Denaturation 95C O sec - Anneal i ng 70C 15 sec -

Mel ting

10

15

20

25

production method of the present invention, no amplification product was
detected even in 40 cycles and 60 cycles of PCR, and the contamination of
non-specific nucleic acid was not observed and PCR was able to be carried
out without carrying out complicated purification process.

(17) Analys'es' of Amplification Curve and Melting Curve by Real-time
PCR ( Investigation of Contamination of Non-specific Nucleic Aci.d)

In order to investigate contamination of non-specific nucleic acid in the
above-mentioned thermostable DNA polymerase preparations, analyses of
an amplification curve and a melting curve were carried out by using real-
time PCR. Figures 5(A) and Figure 5(B) show analysis of amplification
curves. Figures 6(A) and Figure 6(B) show analysis of melting curves,
Furthermore, Figure 5(A) and Figure 6(A) are graphs showing analysis
carried out by using thermostable DNA polymerase preparation produced by
using AmpliTaq Gold LD as a host, Figure 5(B) and Figure 6(B) are graphs
showing analysis cérried out by using thermostable DNA polymerase
preparation produced by using S. cerevisiae as a host. Solid lines show a
case in which Escherichia coli was added as a template, and broken lines
show a case in which a template was not added. As the real-time PCR
reagent, x10 Buffer was obtained by adding 10 pl of ultrapure water into a 1b
tube of LightCycler FastStart DNA Master SYBR Greenl (Roche). In this
tube, dNTPs and SYBR Greenl in addition to a buffer reagent optimized for
the Tag DNA polymerase are contained. Besides, 1.5 mM MgClz, 0.4 pM
each of the primers (SEQ ID NOs: 85 and 86), 1 ug of Escherichia coli as a
template, and 1 unit of thermostable DNA polymerase preparation were
added, and uitrapure water were added so that the total amount was 20 pl,

and thus real-time PCR (60 cycles) was carried out by a hot-start method. In

112



95C 0 sec

10
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20

25

Cont i nue 0. 1C sec. Cooling None 1 1 40C 30 sec -

the case of using AmpliTaq Gold LD, an amplification curve started to rise
about 32 cycles, a melting curve had peaks in the substantially same
positions in the case where the template was added and in the case where
the template was not added, and contamination of non-specific nucleic acid

was observed. On the contrary, in the thermostable DNA polymerase

“produced by the production method by the present invention, when the

template was not added, the contamination was not observed both in the
amplification curve and the melting curve. Regarding the thermostable DNA
polymerase preparation produced by using an eukaryotic cell as a host, the
amplification product derived from the contamination of non-specific nucleic
acid was not observed. Regarding the thermostable DNA polymerase
preparation produced by using bacteria as a host and purified so that the
contamination of bacterial DNA was minimized, the ambliﬂcation product
derived from the contamination of non-specific nucleic acid was observed.
From the results, in the probability of contamination of various non-specific
nucleic acids such as contamination of bacteria present in the air or water
environment, the main factor thereof was thought to be contamination into
thermostable DNA polymerase preparations of host-derived DNA during the
production process of thermostable DNA polymerase.

(18) Introduction of Mutation of Vector pYES-PFO1

Mutation was introduced into a gene encoding the 3'-5' exonuclease of
P. furiosus-derived thermostable DNA polymerase. Thus, the activity was
adjusted by modifying the 3'-5' exonuclease of the DNA polymerase (Kong et
al. (1993), journal of biological chemistry, vol.268, 1965-1975). Specifically,
PCR was carried out by using the primers (SEQ ID NOs: 61 and 62) to be
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10 Figure 13 and Figure 14 are an anplification curve and a nelting
curve showi ng anal ysis according to the program conditions described in
Table 1. Figure 13 shows that an anplification curve appears even if a 15
tenplate is not included; and Figure 14 shows that a nelting curve of the
primer dimer was observed around about 76C. [0209] [Table 2] Table 2
Program Anal ysis Mbde Cycl es Segnent Target Tinme Fl uorescence

used for introduction of mutation, and vectors pYES2-PFQ1 as a template
and using KOD Plus.
SEQ ID NO: 61 GATTCTTGCCTTCGCGATCGCAACCCTCTATCACGAAGG
SEQ ID NO: 62
5 CCTTCGTGATAGAGGGTTGCGATCGCGAAGGCAAGAATC
A PCR program was carried out by the following program: heating at

94°C for 2 min, then 94°C for 15 sec, 56°C for 30 sec, and 68°C for 7 min as
one cycle, which was repeated 15 times. After reaction, the template in the
PCR solution was digested with a restriction enzyme Dpnl, and introduced

10 into E. coli competent cell JM109. The Escherichia coli transformant was
seeded onto an LB agar medium containing-50 ul/ml of ampicillin, and
stationary-cultured at 37°C for 16 hours. The Escherichia coli colony from
the agar plate was inoculated, followed by decoding the base sequence to
confirm that the mutation was introduced in the target position. Thus, a

15  vector pYES-PF-MO1 was obtained. Furthermore, transformation and
production were carried out similar to Examples (14) and (15), and P.
furiosus-derived mutated thermostable DNA polymerase preparation was
obtained. |

(19) Introduction of Mutation of Vector pYES-TGO1

20 Mutation was introduced into a gene encoding the 3'-5' exonuclease of
T. gorgonarius-derived thermostable DNA polymerase. The mutation was
infroduced by the same method as in the (18) by using the primers (SEQ ID
NOs 63 and 64) to be used for introducing mutation, and vector pYES2-TGO1
as a template.

25 SEQID NO: 63
GATGCTCGCCTTCGCGATCGCAACGCTCTATCACGAGGGCG
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Tenperature Acquisition Mdde Pre-incubation None 1 1 95C 2 m n None
Amplification Qua ntifi- cation 50 Denaturation 95C

SEQ ID NO: 64
CGCCCTCGTGATAGAGCGTTGCGATCGCGAAGGCGAGCATC
The base sequence was read to confirm that the mutation was
introduced in the target paosition, and thué a vector pYES-TG-MO‘I was
5 obtained. Furthermore, transformation and production were carried out
similar to Examples (14) and (15), and T. gorgonarius-derived mutated
thermostable DNA polymerase preparation was obtained.
[0202] |
(20) Production of T. aquaﬁcus—deri;/ed Thermostable DNA
10 Polymerase by Using Host Tobacco-BY2
(20-1) Construction of Vector for Introducing Transcription Factor
Expression DNA Fragment |
As a vector for introducing a transcription factor expression DNA
fragment into a host cell (tobacco BY2 cell) (hereinafter, referred to as a
15 “transcription factor expression DNA fragment introducing vector"), a Ti
plasmid pERS (—Stu) (Dohi, K., Nishikiori, M., Tamai, A., Ishikawa, M., Meshi,
T., and Mori, T. (200_6), Inducible virus-mediated expression of a foreign
protein in suspension-cultured cells. Archives of Virology 151, 1075-1084)
was used. The pERS (-Stu) was constructed by linking a gene encoding a
20 fusion transcription factor LexA-VP16-hER containing an estrogen receptor
and a terminator TE9 to the downstream of a constitutive promoter PG10-80
and incorporating a hygromycin-resistant gene (Hygr) as a drug-resistant
marker.
(20-2) Construction of Protein Expression DNA Fragment Introducing

25 Vector
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15 sec

10

15

20

25

Anneal i ng 55C 15 sec - Ext ensi on 72C 15 sec -

A ToMV variant in which a gene encoding the envelope of ToMV was
substituted with a gene encoding 7. aquaticus-derived DNA polymerase
(SEQ ID NO: 85) was used.

SEQ ID NO: 65
ATGAGGGGGATGTTGCCATTGTTTGAACCTAAAGGGAGGGTTTTACTCG
TGGATGGCCATCACCTTGCTTATCGTACTTTCCACGCTCTCAAAGGTTTA
ACAACCTCTAGGGGAGAGCCAGTTCAAGCTGTGTACGGGTTTGCAAAG
TCACTCCTTAAAGCCTTGAAGGAGGACGGTGATGCCGTTATCGTGGTAT
TCGATGCTAAAGCACCAAGTTTTAGACACGAGGCTTACGGAGGCTATAA
GGCTGGACGTGCACCAACTCCCGAGGATTTCCCAAGACAACTCGCCCT
GATAAAGGAGTTGGTTGACCTACTTGGATTGGCTAGGTTAGAAGTTCCC
GGTTACGAAGCTGACGACGTTTTGGCCTCACTTGCTAAGAAAGCAGAAA
AGGAGGGCTACGAAGTTCGTATACTCACAGCCGATAAAGACTTGTATCA
ACTGTTATCTGATAGGATTCATGTGCTTCACCCCGAAGGGTACCTTATCA
CCCCTGCCTGGCTGTGGGAAAAGTACGGGCTCAGACCTGACCAGTGGG
CTGATTACCGTGCACTCACCGGTGACGAGAGTGACAATCTTCCTGGCGT
GAAAGGAATAGGTGAAAAGACAGCTAGAAAATTGCTAGAAGAGTGGGG
GTCCCTCGAGGCACTTTTGAAGAACCTTGATAGGTTAAAACCAGCTATT
AGAGAAAAGATACTGGCCCATATGGATGACTTGAAACTATCATGGGACT
TAGCTAAAGTCAGAACCGATTTACCTTTGGAAGTGGATTTTGCTAAGAGA
AGGGAACCAGATAGAGAGAGGCTTAGAGCATTCTTGGAGCGTCTGGAA
TTTGGATCTTTACTCCACGAGTTCGGTTTGCTTGAGTCTCCCAAGGCAC
TGGAAGAGGCACCATGGCCTCCACCTGAAGGCGCTTTTGTTGGGTTCG
TTCTCAGTAGGAAGGAACCTATGTGGGCAGACTTGCTCGCCCTAGCAG
CTGCAAGAGGGGGAAGAGTGCATAGGGCTCCCGAACCTTATAAGGCAC
TCAGAGATCTTAAGGAGGCTAGGGGCCTCTTGGCAAAGGACCTATCCG
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1 84C * 2 sec single Melting Curve Analysis Melting Curves 1 Denaturation
.,95C 0 sec - Anneal i ng

TGCTTGCACTCAGGGAAGGATTGGGACTCCCACCCGGTGATGACCCTA
TGTTATTGGCTTACTTGCTTGACCCATCCAATACCACACCCGAGGGAGT
TGCCCGTAGGTATGGGGGCGAGTGGACTGAGGAAGCTGGTGAGAGGG
CCGCATTGAGTGAGAGGCTATTTGCCAACTTATGGGGGAGGTTGGAGG
5 GGGAGGAACGTCTGCTATGGCTTTACAGAGAGGTGGAGCGTCCCTTGA
GTGCTGTATTAGCTCACATGGAAGCTACAGGCGTCCGTCTAGATGTTGC
TTACTTAAGGGCTCTAAGTTTGGAAGTTGCAGAAGAGATCGCCAGATTA
GAAGCTGAAGTTTTCAGGTTAGCAGGACACCCTTTTAATCTCAATAGTAG
GGACCAACTCGAAC GTGTGTI'ATTI'GATGAACTGGGCCTCCCC GCTATA
10  GGGAAAACCGAGAAAACAGGGAAAAGGTCCACATCTGCAGCTGTATTG
GAAGCCCTTAGAGAAGCACATCCTATTGTGGAGAAAATACTACAGTACA
GGGAGCTAACCAAATTAAAGAGTACCTACATAGATCCATTGCCTGATCTT
ATTCACCCAAGGACCGGAAGGCTTCACACCCGTTTCAATCAAACCGCAA
CAGCTACTGGGAGGTTATCATCTTCCGACCCTAACTTGCAAAATATACCT
15 GTTCGTACCCCACTCGGACAGAGAATACGTAGAGCTTTCATTGCCGAAG
AGGGATGGCTCTTGGTTGCTTTGGATTATAGTCAGATTGAACTTAGAGTT
CTAGCACACCTTAGTGGCGACGAAAACCTCATCAGGGTGTTTCAGGAG
GGGAGAGATATACACACCGAAACTGCTTCATGGATGTTTGGGGTGCCC
AGGGAAGCCGTAGACCCCCTCATGAGAAGGGCTGCTAAAACAATTAATT
20 TCGGCGTGTTGTACGGAATGTCCGCTCACAGGCTATCACAAGAGTTGG
CAATCCCCTATGAAGAGGCTCAAGCCTTCATTGAGAGGTATTTTCAGTC
CTTTCCAAAGGTGCGTGCTTGGATAGAGAAAACTTTAGAGGAAGGTAGA
AGGAGAGGGTATGTGGAAACTCTATTTGGCAGACGTAGGTACGTTCCTG
ACCTCGAAGCTAGAGTTAAGTCCGTCAGAGAGGCAGCTGAACGTATGG
25 CATTCAATATGCCTGTTCAAGGAACAGCTGCAGACTTAATGAAATTAGCT
ATGGTGAAGTTGTTCCCAAGGTTAGAGGAAATGGGTGCAAGAATGCTCC
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70C 15 sec - Mel ting 95C O sec Conti nue 0. 1C sec. Cool i ng

10

15

20

25

TACAGGTCCATGATGAGCTAGTGTTGGAAGCACCTAAAGAGAGGGCAG

AGGCAGTAGCCAGGTTGGCAAAGGAGGTTATGGAAGGGGTGTATCCAC
TTGCTGTCCCCTTGGAGGTGGAAGTCGGGCATCGGTGAGGACTGGTTAT
CCGCAAAGGAATGAGCTCACTAGT

The complete gene sequence of T. aguatics-derived thermosta'ble
DNA polymerase was synthesized at GenScript. At this time, the codon
sequences were optimized for a tobacco BY2 cell. As a vector for
transformation, the vector pBIICERB-ToMVIT aq-SRz for introducing a protein
expression DNA fragment into a host cell (tobacco BY2 cell) was constructed
by using a Ti plasmid having an estrogen-inducible promoter Oy exs-46, Iinking

cDNA of a ToMV variant to the downstream of the OLexa-46, and

- incorporating the ribozyme sequence S-Rz of satellite tobacco ring spot virus

and 358 terminator (358T) at its 3' terminus.

(20-3) First Transformation Step: Introduction of Transcription Factor
Expression DNA Fragment into Host Cell

A vector pERS8(-Stu) for introducing a transcription factor expression
DNA fragment was introduced into tobacco BY2 cell by an Agrobacterium
method. Firstly, pER8(-Stu) was introduced into Agrobacterium tumefacince
LLBA4404 cell line by electroporation. This was pre-cultured in an AB sucrose
medium containing spectinomycin (50 mgf/l). Next, this was mixed with
tobacco BY2 cells and transferred to a petri dish, and stood still in dark at
26°C for 42 to 48 hours so as to transform tobacco BY2 cells. The
transformant was washed in a medium for the tobacco BY2 cells, and then

developed on a solid medium for tobacco BY2 cell containing carbenicillin
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None 1 1 40C 30 sec - 5Wth reference to the results of the nelting curve
.shown in Figure 14, the tenperature at the tinme when fluorescence was
detected was set to 84C, the mddle tenperature between that of the priner
dimer and that of E. colt The real-tinme PCR was carried out according to
..the conditions described in Table Z 10[0210] Figure 15(A) is a graph
showi ng an anplification curve of the results of real-tinme PCR according to
t he program conditions described in Table 2. According to this nethod, when

water was y as . a t | at e, rimer diper was not displayed; and when
E. coil mé?fi@mné@d}%@fﬁmpg?%gﬁms rpolieratgtranst mﬁﬁﬁtog)ﬁcaotarget
anplificat %gf}duct was observed. [0211] (Exanple 3: Quantification

i dentifica %sby Non- Di spl ay Met hod) . By using the e-DNAP and the

non-di spl ay net | cecordanceswith th [ nt i BY ' i nf ectious
bacteria and fuzgéi"lb\%iei%%&g@e&%é\%h{?oé Rﬁgqq%ﬁgttigrgﬁgﬁ@ﬁh{%@e tried to be
quantified ' 1 {4 real -time PCR reagent for detecting bacteria
and the pri%‘rﬂeéggﬁgﬂa{dﬁwgnr?ﬁ\}\ere the sane as in Exanple 2. This Exanpl e was

fg;g;ﬁfs ?gﬁ iﬂgt ﬁﬁrﬁg;(@ut%ﬁjﬁgﬁmaﬁatmﬂgb%é@Wz%e%s%%@FP"Iiné PRV 4 Rghr L1 me PCR
expression amount of the transcription factor was selected according to the
results of northern blotting. The "cell line" herein denotes an individual
colony formed by proliferating transformed cells.
[0203]
10 (20-5) Second Transformation Step: Introduction of Protein Expression
DNA Fragment
To the above-obtained transcription factor high expression tobacco
BYZ2 cell line, a virus vector (pBICER8-ToMV/Taqg-SRz) was introduced by
the Agrobacterium method to obtain transformation cells.
15  [0204]
(20-6) Culture of Tobacco BYZ2 Cell, and Protein Expression and
Extraction
The transformed cells obtained above were kept in 15 ml of liquid
culture, and 1/200 amount of the culture was subcultured every seven days.
20 In addition, 1/50 amount of the culture was subcultured, and to the 2 days-
precultured cells estrogen was added at the final concentration of 0.01 mM,
which was then cultured for further two days. This cutture was centrifuged at
5000 rpm for 10 min, and transformed cells were collected, and frozen in
liquid nitrogen. 'The cells were disrupted by using a mortar. To the disrupted
25  cells, an equal amount of buffer solution (50 mM Tris-HCI, pH7.5, 50mM KCI)

was added and suspended, and the suspension was heat-treated at 70°C for
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primer constitution were as follows: an rTaq DNA pol ynmerase (ToYoBo) was
used as a thernostabl e DNA pol ynerase produced by using bacteria as a host,
and the bel ow nentioned universal prinmer for detecting fungi was used.
Foerward Prinmer GAATGAGTACAATGTAAATACCTTAACG (SEQ ID NGO 9) is Reverse
Primer: GCTTTCGCAGTAGITAGICITCA (SEQ ID NO 45) Since CFU m is usually
used as the unit of the concentration of the infectious bacteria/fungi, in
order to allow the unit to match to that for the PCR quantification assay
calculated in DNA concentration, calculation was tried via MFarl and

tur bi di et FOdNife ARG UGSskaY 2004 iy fasfd0emireto @RIRIiN asdpENatall bi cans wer e
suspended i n physi gl ogi cal saline, respectively, a bacterial suspension

that was aFPB\RENNg d. FavalcsderivastiernostablrDNA POISMEFEsE: | and was for med and

each SUSpﬁBﬂ %riemas devel oped onto a nedium and the CFU m was cal cul at ed.
At the sa q DNA was extracted and DNA/m was cal cul ated, and a

calibration cur , t .rea P th ion was dr awn.
Converted val uegfwtgé)ﬂﬁgs ht-ll éﬁé"?@ %%h8%°§ﬂ8%ﬁ5@é| ow. ~-if. coli:
0.5I\/b 6 1.1g/nml (8.6 ng/1l.11) C. albicans:

0 5 Moar | gﬁg’mer%séq%%g' %%—QIB 0119/ n(18.0 ng/1.11) Furthernore, as
a result of the PHMGQEWNE the following results are obtained. - E
coli: correlati ncoef|C|ent IS -1.00, and cal cul ation fornul a: nunber of

cycl es = -4.1 Xg QWémAgéﬂgeﬁéb&T%ﬁ@tf?&%ﬁed@ﬁ%rhﬁis?ébl@'bl@/@eff' ci ent

is -1.00, and calculation for cycles = -4.4 x concentration

+ 14.5 polymerasé\WassynEssiid /gt GERSEHBITBERID WO:cPNt 1Mltisis t’frrlit.,'e the! | owi ng
two bacteria 10 were quantified for every nmeasurenment. - E. coli: 1.3 x 105

CFU jil= Bodormgéduericesivéte dptihikbd tir Aearyrae mardersyericoding Be al bi cans: 2.5
x 103 CFU/ 1.11= 18.0 ng/1.11, 2 R (204 | of measurenent system As
ment i arted tieomestabie DN pelystezase wasrddsigriest suchathdt & ddmgel resteiction

enzyme site was intraduced into the 5' terminal sequence and an Xmal

restriction enzyme site was introduced into the 3' terminal sequence.

SEQ ID NQ: 41

ATGAGAGGCATGCTGCCACTGT TCGAGCCAAAGGGAAGGGTGCTGCTGGTGGACGGACACCATCTGGC
15 CTACAGAACTTTTCACGCTCTGAAGGGACTGACCACATCACGGGGGGAGCCAGTGCAGGCTGTGTATG
GATTCGCTAAAAGCCTGCTGARGGCCCT GAAAGAGGACGGAGATGCTGTGATCGTGGT GTTCGATGCT
AAGGCCCCTAGCTTTAGACATGAGGCCTACGGCGGATATAAAGCCGGACGCGCTCCARCCCCCGAGGA
CTTTCCARGGCAGCTGGCCCTGATTAAGGAACTGGTGGATCTGCTGGGACTGGCTAGGCTGGAGGTGC
CCGGCTACGAAGCTGACGATGTGCTGGCCTCCCTGGCTAAGAAAGCCGAGAAGGARGGCTACGAGGTG
20 CGCATCCTGACAGCCGACAAAGATCTGTATCAGCTGCTGT CTGACAGGATCCACGTGCTGCATCCCGA
GGGGTATCTGATTACTCCTGCCTGGCTGTGGGAAAAGTACGGCCTGAGACCAGACCAGTGGGCTGATT
ATCGGGCCCTGACT GGCGACGAGTCAGATAACCTGCCCGGAGTGAAAGGCATCGGAGARARRACCGCC
AGGAAGCTGCTGGAGGAATGGGGCAGCCTGGAGGCTCTGCTGAAAARTCTGGATAGACTGAAGCCCGC
CATCCGGGAGAAAATTCTGGCT CACATGGACGATCTGAAGCTGTCTTGGGACCTGGCCARAGTGAGARN
25 CCGACCTGCCTCTGGAGGTGGATT TCGCCAAGAGGAGAGAGCCAGAT CGGGARCGCCTGAGGGCTTTC

CTGGAGCGGCTGGAATTTGGGT CACTGCTGCATGAGTTTGGCCTGCTGGAAAGCCCAAAGGCTCTGGA
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15positive, the quantification was carried out by using the foll ow ng

.estimation fornmula. - Bacteria (converted value of E. colt), effective

nunber: 2 digits 1.3 x 108 x [10{1-(number of cycles - nunber of control
cycles + 4.1)/4.1}f CFU m - Fungus (converted val ue of Candi da Al bicans),

effective nunber: 2 digits 202.5 x 106 / 18 x [10(3-(nunber of cycles -

nunber of control cycles + 7.7)14.4)f CFU (1) Exam nation of
Daily Life Water by Using H ghly Sensitive Quantification Method of Subject
to be Dete ose o% evaluat| éA racticality

of the condtPEERBEeH BT oo R v R e P o1 REP R G ABCub] oct
to be detegted., célj(%%ré%frlc&’%c{'}gc{%gﬁé’e%?&a&ﬁceeg?ﬁc&ééécc%c&‘@\te‘ééhﬂﬁﬁﬁe

exani ned. rom wa

U”"/ers":yGé¥E%Ebéé§Ac?TGAAAGAA Eﬁeéﬂ%ﬁtfﬁkfﬁ@éfﬁAGGﬁfE%%Héhd¥%Efgéc9ETégaﬁaﬁna

Prefecture sel ected one of "the 100 best waters in Japan” 1n 1985 by

Envi r onmengcA@eBsdhcTecccecTesccacéiechiRicceBEtdi@ciicREcT et @G cadtaets cul at ed
hot spring water. No 5additives are contained. (D) Air-conditioning

wat er & r- cetfché@RCRg: WAL SlGATATCHAY et PR MRIGRE AR cEIDGRA@lerct fitLete
Twenty-five-m each of tap water, spring water and hot spring water 10and 1

m of air - carmihté@rcnorabercTees@&scaamiorctagedcatcaBRO TopMmTcetT2@cos n, and
DNAs were extracted frompellets by using InstaGene Matrix (Bio-Rad).
[ 0213] GGAGGTGGAACGCCCTCTGETCCGCT GTGCT GGCTCACAT GGAGGCTACAGGCGT GCGCCTGGACGTGG
CTTATCTGAGGéCCCTGTCTCTGGAGGTGGCTGAGGAAATCGCCAGACTGGAGGCTGAAGTGTTCCGG
CTGGCCGGACATCCCTTTAACCTGAATAGCAGGGACCAGCTGGAGAGAGTGCTGTTCGAT GAACT GGG
10  GCTGCCTGCCATTGGCAAGACCGAGAAAACAGGGAAGCGCT CAACAAGCGCTGCTGTCCTGGAGGCTC
TGAGGGAAGCTCACCCCATCGTGGAGAAGAT TCTGCAGTACAGAGAACT GACTAAGCTGARATCCACC
TATATCGACCCCCTGCCTGATCTGATTCACCCTAGGACAGGCAGACTCCATACTCGCTTCAACCAGAL
AGCTACTGCCACCGGAAGECTGAGCTCCTCT GACCCAAACCTGCAGAATATCCCTGTGAGAACCCCAC
TGGGACAGCGGATCAGGAGAGCTTTTATT GCTCAGGAAGGATGGCTGCT GETGGCTCTGGATTACTCC
15  CAGATTGAGCTGAGGGTGCTGGCTCACCTGTCTGGGGACGAAAACCTGATCCGCGTGTTCCAGGAGGG
CAGGGATATTCATACAGAAACT GCCAGCTGGATGTTTGGAGTGCCTCGCGAGGCTGTGGACCCACTGA
TGAGGAGGGCTGCCAAGACAATCAATTTCGGAGTGCTGTATGGGATGTCCGCCCACAGGCTGTCTCAG
GAGCTGGCTATCCCC&ACGAGGAAGCTCAGGCCTTCATCGAAAGATACTTCCAGTCTTTCCCTAAGGT
GCGGGCCTGGATTGAGAAAACCCT GGAGGAAGGCAGGAGACGGGGATACGTGGARACACTGTTCGGCC
20  GCAGGAGATATGTGCCTGACCTGGAGGCCAGEGTGAAGTCAGTGCGCGAGGCTGCCGARAGGAT GGCT
TTCAATATGCCTGTGCAGGGARACCGCT GCCGACCTGAT GAAACT GGCCATGGTGAAGCTGT TTCCACG
CCTGGAGGAAATGGGGGCTAGGAT GCTGCT GCAGGT GCATGAT GAGCTGGTGCTGGAAGCCCCARAGE

AGAGAGCTGAAGCCGTGGCT CGGCTGGCCAAAGAAGTGATGGAAGGCGTGTACCCCCTGGCTGTGCCT

CTGGAGGTGGAAGTGGGAATCGGGGAGGACTGGCTGTCCGCCAAGGAATGA -

25
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Exam nation of infectious bacteria/fungi was carried out by using the DNA
extraction solution as a tenplate. As a result of the exam nation, no
15fungi were detected fromany of the four types of daily life waters (B in
Fi-gure 15(B)). As to bacteria, however, no bacteria were present in the tap
wat er and the spring water (fanous), but the hot spring water and the
air-conditioning water proved positive (B and Cin Figure 15(C)). As a
result of quantification thereof, the foll ow ng neasurenent val ues were

obt ai ned. 20- ring water 1.2 CFU/ m (converted value of E coh) -

A o ¢ Coni n 12D Epneuian phaT. 2t e etog dPeEnorBle DOA As o resul -
it was revsakégl that&_the hOtng{?i ng wat er included bacteria although the
amount was' SHETS SR FPHESAT YEGi ti oni ng water included bacteria at a high

concent ration. ZAE Lo oE (FNCHARTAE 8B, BlgFRISERIBNSS Y
bacteri al BP1aH Pakked iRb tﬁé‘@ﬁﬁélll%@ﬁ'@l%&ir@ﬁoh%nfzg%‘l.s i{é‘éyog%'nr ectly cause

synpt ons o poI'soni ng, eéxam na hereot I's Sécra i mportant. At

this LI aGfofB ol rbpliciing Shuthel VedtbP (DFFR.PSKER TIH) BbHRNinthePhy| ococcus

aureus were used as a sanp at as an creampuff,” a
cream puf f yédtaf ppR-PRRSDHEft at roomtenperature for several days was
used, and as a control (a new cream puff), a cream puff in best-before
dat e, whi c8ElaD Reemepr eserved in a refrigerator (not higher than 50),
10was used. For extraction of DNA firstly, 27.4 g of. only cream part of
each cr eamsqeafdecorscanideeticachrarmTerlderd At or20TidcAarfacstopEdcirhigheetee
physi ol ogi cal saline, which was then centrifuged to renove supernat.ant.
Thi s oper afACBAT RRET CTas praT € CRIFreRRATIAREIS TRAG ATRT CR B CPAS ARRFECTCHECCBFIAA conponent .
Thereafter, DNA was extracted fromthe centrifuged pellet by using

| nst a@@ne NBPYTTRCACEMECTARRSEATITATTTBFF TEICTEFICECPPRATE TATARATAFIAACAMGR was

carried out by using the extracted DNAs as a tenpl ate.
TGGECAGTGAGCEGCTATACAGAGGGAATAATAGEGCATATCGGCACGACTAGAT TCGGTAGARAGCATCGAA

GAGCAATTCATTGAGCATATfATCACGTGGAAIGCGATAGCTGTGGCCAGGTTGAGACACCGCAAGTGAAAG
ATACACACATAGATTCTCGATTCGAGCGGTTTGCCTCCGCCACCCCAGTGCATAGCAAGCARAGAAACGACA
GTTGGCTCATCATCCGTTACATCATTTTTTCTACTGGCTCCEGCTCGGTGGGCTCCCAACGAAGCAGCAARAA
15 AGTGAGAGAAAAARACTAGCTTGGCGGGECAACAGAAGCTAGACCCTTTGGCTCGCTTAGTCAGTGCGUCCA
CTCACTCACACTCAAARAGGCCACCCCTCCCGCACCCTCTTCTCATCACCGTCTTCATACCACGETTCGTCA
AGCAATCGTATCTGETAAGCTTTGACCTCCTCGAGCGGECTCCACTTTGCTATTTCTTGGATCTGCTCTTTC
TTTICTCTCTACCTCTITITCTARCCTCTCT TCAGAAAGTTCAACCGTACTTCACTCCATCTTCCTACGTCA

CTCTAGA

20

SEQ ID NO: 67

TAAAGCGGCGTGCTCTGCACATAACACGTGTCGTGTTTGGGTTCGGTATGGGTARTGGCGAATGGGGA
CATGCATTTATGGGATAGGGGGCTGGGTTGGTGTAATCAAATGTGCATACAGACCAGCTGATACGAAT
ACTACAACTTACCCCGACACACGCATTCATGTGACGCCCARCACCTCGTCTAACTCATCGGGGCAACT

25 CACCTCAATCCGATTCAGCCTCCCGG
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[ 0215] As a result, extremely small anmount of fungi was detected from

_both the old cream puff and the control at substantially the sane |evel
(Figure 16). 20ln view of the fact that cream puff shell is |eavened with

yeast, it is not thought that new fungal contam nation occurs. [0216]

.As to the infectious bacteria, no bacteria were detected in the fresh cream

puff, while proliferation of considerable nunber of bacteria was 25observed

in the old cream puff (Figure 17). The anount of proliferation was

guant f1ed, andoge g soul e \Ie ollionaq fmaste Stent VLS ues obi o ned.
23 SELPEBPE B PO LSl B <L
PNy Sen MEHBnE) AU, FESAMaL, BoARbIStaLn S dbiriadores

of the patij \ A\l ngetzay ( l Hac: %q;b}ﬂ ' igans) and
t he pati en![?@c\)/méﬁ?' E’?b?g'rl em Z)'(isﬁ%% }A%gér;bgs@ggéggcﬁigh acl Fﬁﬁgdxg(gﬁeacl es) were
used. r i : iy : t he
pat i enfsg Aﬂ%ﬁﬁ&mﬂéﬂ&?ﬁ%\@gr@gﬁ@ d%@%g? b? F%%né}gtrﬁ -ggg p?;,UI ttér?zar[)c{)t??] e of the
patient B w@stetmiidier col |l ected, DNAs were extracted by using |InstaCGene
Matri x, respectively, and they were used as a tenplate to carry out the

exani nat i o8EQ} ID N®®8 GCGRECEC GG TGINACEHTRBETLAAA  As a result, in
the patient A bacterial infection was not observed, only fungal infection

was obser vEB&EQ ) Yl SARTATAT AGAGIBACGT ACGERA/AGATGEAGAt i on of the fungal
i nfection, S'EEEel[; ('zjlolzo?v(\)/i ng measur ement val ue_sr wer e obt ai ned.
10 GTTTAAACAGATCTCCCGGGTAAAGCGGCGTGCTCTGCAC
SEQ ID NO: 71 TATGGTACCGGGAGGCTGAATCGGAT
| Next, a gene encoding 7. aquafics-derived thermostable DNA
polymerase was inserted into the Pmel and Xmal restriction enzyme sites of
pPTR-TEF-SDt to obtain a vector pPTR-TEF-Tag. Furthermore, in order to
15 add a FLAG tag, amplification was carried out by using the vector pPTR-
TEF-Taq as a template and by using the primers designed such that a Pmel
restriction enzyme site was introduced into the 5' terminal sequence and an
Xmal restriction enzyme site was introduced into the into the 3' terminal
sequence (SEQ ID NOs: 72 and 73), followed by being inserted into the Pmel
20 and Xmal restriction enzyme sites of the pPTR-TEF-SDt so as to obtain the
vector pPTR-TEF-FLTaq.
SEQ ID NO: 72
ATAGTTTAAACATGGATTATAAGGATGACGATGACAAGATGAGAGGCAT
GCTGCCAC
25 SEQIDNO: 73

ATGGTACCGGGAGGCTGAATCGGAT

123



- Patient A- 9.7 x 104 CFU I (blood)m (converted val ue of Candi da 20

Al bi cans) Furthernore, in the patient B, no fungal infection was
observed, and only an extrenely small anount of bacterial infection was
observed (Figure 19). Also, when a blood culture bottle was confirmed, a
.l arge anmount of bacteria proliferation was observed. As a result of
quantification cal cul ation 250f this bacterial infection, the foll ow ng
neasur enent val ues were obtained. - Patient B: 2.0 x 105 CFU / (bl ood) m
(converted value of E cob) Furthernore, Figure 20 shows the
resul ts of real {41-feTransfermatioarfalitorszaqisi ng MRSA DNA as a tenpl ate and

oL, R P o AT RS ™
T AT G Ve Vs i o3 AR P
T HAGREE T ek ) b L ShcH AR LR & e
bactor P2/ 1 HANOS POAAGP RC oY & KIah, Iy 5P B bR i, TP o

Dot eet od) Rasea o aE TR PO SRR ARG, GRS HSF appi yi ng
a highly 5H,0, 0.1 mg of Na;B4O7-10H20, 0.05 mg of (NH4)sMo7024-4H,0, and 20.0
g of Agar per 1L; and adjusted to pH6.5 with 1N KOH) at 30°C, and this
culture was suspended in 10 ml of 0.1% Tween 80 and 0.8% NaCl, the
10 suspension was filtered through a glass filter (3G2), and the filtrate was
collected. The filtrate was centrifuged at 3,000 rpm for & min to deposit
conidia, and the supernatant was removed. The conidia was washed with 10
mi of 0.1% Tween80 twice, and then suspended in an appropriate amount of
sterile water to obtain a spore suspension.
15 The spore suspension of A. oryzae was inoculated into 100 ml of CD
liquid medium, and cultured with shaking at 30°C for 20 hours.

The cuiture was filtered through a glass filter (3G 1) to collect hyphae
and washed with sterile water, the hyphae were held by a spatula, and then
water was sufficiently removed from the hyphae. An appropriate amount of

20 hyphae was added and suspended in a solution for making protoplasts in a
50 ml-centrifuge tube made of polypropylene, and gently shaken at 30°C for
two hours to méke the solution into protoplasts. They were filtered through
the glass filter (3G2), and the filtrate was centrifuged at 2000 rpm for & min to
collect protoplasts which were washed with 0.8M NaCl twice. The

25  protoplasts were suspended in a Solution 1 (0.8 M NaCl, 10 mM CaClz, and
10 mM Tris-HCI (pH8.0)) at 2x10%ml, and 0.2 volume of a Solution 2 (40%
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sensitive quantification nmethod using the e-DNAP and the non-display nethod
in accordance with the present invention. In current drug sensitivity
tests, it generally takes. several days to obtain results. However, when the
20hi ghly sensitive quantification nmethod in accordance with the present
invention is applied, results can be obtained in only four to six hours.
Note here that the liquid phase drug sensitivity test is already described
in a preceding patent (W2002/052034), but it does not use a highly

cult iﬁ Lvﬁagﬁtx?%%%ﬁﬁ?%ﬁhﬁéé@ﬁagﬁq??OEriaiYA;Ertie tcslé"ﬁéfé.ﬁﬁwéta%tdg a%%f Bin a
. [0220 1
éiiﬁpfe,ibsmﬁ 548%6@%?22%?%2 el tﬁﬁm‘i@@ﬁsﬁg‘ég@éwq‘i@i Cm@f P el f”B[1 ai n
He I ' , ' '
after the TorTh G §3s SPe "a e Mt Bh REbROe B 3R b kit on 1 n
whi ch an any LRI &6, 408!y 40 50808 8l g Yeryls, 8005k, SR Pad RiEaISHDIeC! ed Lo
gation and pell étizing So asto obtarn , respectively.

Furthersﬁvrfém;&éra'f&eqsﬁis ﬁﬁ@ﬁh@ﬁta@%r%b%%o I a‘l > c%aédmgemy by using

an automati c 'nucleic aci xtraction devi ce. Quantification of

Bact er! a- bé’udﬁéﬁd_eﬁi ﬂ@e)l?,Q'Re suspenéoh%@és éér’ﬁ'fﬁfLﬁ_@B JEFIRbolferf det ect ' ng
bacteria, conditions and the prinmer constitution were the sane as in

Exanpl e 2. plddaA2sts(ahd foaehiovertpeistpelviitan a8 e prateplestsaveren is carri ed
out when the quantification result before '

suspended in 0.2 ml of the Solution 1. The protoplast suspension was added
and suspended in 5 ml of CD soft agar selection medium (a medium in which

10 agarin the CD medium was made to be 0.5%, 0.8M NaCl and 0.1 ug/ml
Pyrithiamine (TaKaRa Bio) were added thereto and the temperature was kept
at 50°C). The suspénsion was seeded on CD selection medium so that the
protoplasts were dispersed uniformly and cultured at 30°C for seven days.

(21-4) Culture of A. oryzae and Production of T. aquatics-derived
15 Thermostable DNA Polymerase
The transformant was inoculated in 600 ml of CD medium and

cultured at 30°C for four days. They were centrifuged at 5000 rpm for 10 min
to collect cells, the collected cells were suspended in a disruption buffer
solution (50 mM Trié—HCl, pH7.5, 50 mM KCI), and cells were disrupted by

20 using 0.5 mm of glass beads, and then subjected to heat-treatment at 70°C
for 60 min and centrifugation at 12000 rpm for 30 min to obtain a supernatant
containing thermostable DNA polymerase. This was purified by using FLAG
Tagged protein iImmunoprecipitation Kit (Sigma), and T. aquatics-derived
thermostable DNA polymerase preparation was obtained.

25 (21-5) Examination of Contamination of Non-specific Nucleic acid by

PCR
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culture is defined as 0 and the quantification result two hours after and
four hours after culture in which an antibiotic agent was not added is
respectively defined as 100 (an enrichnment rate when an anti biotic agent
was not added is defined as 100%, the enrichnment rate was cal cul ated two
hours after- and 20four hours after the culture in which an antibiotic agent
was added. For exanple, the anpbunt of bacteria/fungi before culture
i's NOh, the anount of bacteria two hours after culture in which an
antibiotic agent_is not added is N2h, and the anpunt two hours after

cul ture in whi cFigHednisiapaetrerapetfragasosr glegtropheessis shawisgwhetheit rate
two hours after an antjbiotjc agent 25i s added can b caécul ated by the

f ol I owi ng PHARLNGA-SPECTC nliclelf AL % ROMARNIBSICRPYGRIG 18 FRPVER ant i bi ot i ¢

§?622ni02r ?ﬁﬁeerﬁiﬁéeéEﬁ?@%“%@aé@é?%&rﬁg“a%%u?ﬁh_ieq%ﬂéiﬁ%@&% ARb®b ™ onpar e
0 rectly, 22 Bhowe o Bib e it P Bl Pl
censt {141 LML RIPARL A ORAS 81or0ehd) TholoR ST ALa o, and 10

10cul ture,- [ . r o ¢ th two hours
Fgﬁ@%@rugﬁrgptséréé Caﬁldteﬁé% Eatpﬁintleﬁ’"éﬁd t5Y PArebrhpstathe

after and e, e sénsitivity to EM was observed, but

sensi tivi t yohditiGhs BAG tRO PCTOSEILYER coffipdisitnddé ) hadEeyB¥ahe saiCas
St aphyl ococcus epidermdis was not nmuch proliferated after two hour of

culture, i m@-8pranddeyaleaiveraoaticaasi! Jthed Showy tHatani amplfivatibd be carri ed
out 15after four hours of culture. [0224] (5) Result 2: Calculation

when Enri cprehict Bhbacteriehtd® rRNA-derived gdneowas détpoied whebdEsahedcha 100%
Wth respect to the detected Bacillus cereus, the drug sensitivity with
10 coliwas used as a template, and the amplification product of bacterial 16S
rRNA-derived gene was not detected when a template was not added.

(22) Real-time PCR of Various Thermostable DNA Polymerases Using
Non-display Method (Masked Primer Dimer Method)
Real-time PCR was carried out by the non-display method by using
15 the above-obtained thermostable DNA polymerase preparation. The real-
time PCR was carried out by using 7. aquaticus-derived thermostable DNA
polymerase preparation (Figure 8A and Figure 9A), mutated P. furiosus-
derived thermostable DNA polymerase preparation (Figure 8B and Figure 9
B), and mutated 7. gorgonarius-derived thermostable DNA polymerase
20 preparation (Figure 8 C and Figure @ C), which were produced by using S.
cerevisiae as a host, T. aquaticus-derived thermostable DNA polymerase
preparation (Figure 8D, Figure 9D) produced by using P. pastoris as a host,
and T, aquaticus-derived thermostable DNA polymerase preparation (Figure
8E, Figure 9E) produced by using Tobacco BY-2 as a host. Furthermore,

25  Figures 8A, B, C, D and E show an amplification curve, and Figures 2 A, B,

C, D and E show a melting curve, respectively. The solid lines show a case
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20respect to each of 10 iglnL of cefazolin (CZ), 10 gg/nL of anpicillin
_(AP) and 10 pglnL of erythronycin (EM was evaluated two, three, and four
hours after culture, respectively. As a result, when evaluation after four
hours when the enrichnment is large, it is revealed that the sensitivity to
AP was observed (enrichnment rate: 0% and the sensitivity to CZ was
observed to sone extent 25(enrichnent rate: 16%, but the sensitivity to EM
was hardly observed (enrichnment rate: 76% (Figure 21(B)). Thus, since the

et o R CPb b R S5 B ASoEE Rl o A e
o0, Mo olR PR TR s s o
o022 B GRIP EElBle SRL S U
L9115, 210l SPR e EEIGRT, RAR KRB i B BPS (e

| osi mlee agmicRlihd alRiteloricB VAN, G fiBlf waB rBELLRR oPfmea! ThadeSlls ofSi nce the

greatest cause of premature birth is intrauterine infection, ich have a

risk that gnef@aHEmeEEYCHRI showathaRifd ¥Sé of fRE Aeldisplay MBtHEderskigd Bhni ng t he
presence of infection has been denanded. In the intrauterine infection, the

i nfection amdlgsiefwilholue cbtedtifg @ marpepeenc amplifostivrasroalicMicapignanef and Ur ea
pl asma, 15in addition to bacteria and fungi, is extrenely high. Since the
base sequethecamplifidation @emes oiMyadetialddiAavitich denpgesthéiopaptifcatendn e
extrenely different fromthe base sequence of bacteria, they cannot be

det ect ed bipeueahtimae?@Brsal priners of bacteria. Accordingly, it is
necessary to use a primer of each microorganism 20[0226] (1) Priner. Set
and Ré&gen02P8F PCR The real -time PCR reagent for detecting bacteria
and fungi and the priner conbinations are the same as.in those in Exanple

B Her o nat tor . (BHRETRIP Pr e BHESatiSN A By Qi Dis R MRl

Hereinafter, T. aquaticus-derived thermostable DNA polymerase
produced by using host S. cerevisiae is referred to as "e-DNAP".
[0207]

15 By using the above-obtained e-DNAP, quantification identification of a
sample by the non-display method was tried. The real-time PCR was carried
out in a system whose total amount was 20 pL by using real-time PCR
machines LightCyc!ér 1.5 (Roche Diagnostics K.K.) and RotorGene 6000
(QIAGEN) and a reagent for real-time PCR by the following constitution by

20 using the below-mentioned universal primers for detecting bacteria.
Forward Primer: CTCCTACGGGAGGCAG (SEQ ID NO: 43)
Reverse Primer: ACTACCAGGGTATCTAATCCTG (SEQ ID NO: 44)
e-DNAP (5 units/uL): 1 pL,
E. coli genomic DNA template or Water PCR grade: 2L,

25 SYBR Green | (TAKARA) 300-folded diluent: 2 pL,
PCR primers (10 uM): 0.8 pL each,
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25 Mycopl asma and the genus Ureapl asma are shown. For detection of the
.genus Mycopl asma and the genus Ureapl asna, a nested PCR nethod was used.

" For detection of the genus Myco plasma and the genus Ureapl asma, eDNAP was
used, and the PCR reagent the sanme as in Exanple 2 was used. The PCR
..programwas the same as in Exanple 2. Mycopl asma Forward Priner
GATGATCATTAGICGGTGG (SEQ I D NGO 50) Mycopl asma Reverse Priner
CTACCTTAGGCGGTICGIC (SEQ I D NO 51) Mycopl asma Forward nested Priner:

GACATCCTTCGCAAAGCTAT %SE 101 D NO 52), copl asma Reverse nested Priner
CAGTTACCCAGBCABRHEETERE0 £b 148 miByris-Hylkabitbsma Forward Pri mer:

GAACGAAG(I:! !TT S | DNO. 54) Ureapl asma Reverse Priner:

GATACACGCTA @@%@Zfﬁ%ﬁ\ (SEQ i sID NO 55) Ureaplasma Forward nested

Primer TAACAI, ATGAGAAG (SEQ I D NO 56) Ureapl asna Reverse nested

oy i mer CACt AN R ek (SEQ ID NO. 57) 20(2) PCR Detection Method

Wth the a -W'p‘%&d prjper set, it is possible to determ ne whet her
vg%lt%[ erl al::] g4 Lgﬁ

any one of ungr , e genus Mycopl asma, and the genus Ureapl asma

s present | n L peARRG ad bHidlarag i YoaNiing PR YesTierdaluEF L on ret hod

may use a real-tine or may use a net confirmng 25 by

subj ect i ngaachtaiRgiofiE ContfioRs RIESsEABEPIrEFhSIeon an agarose gel . The net hod
of Exanple 3 using e-DNAP enabl es bacteria and fungi to be detected with a
hi gh sensifo20d]y, and the nested PCR nethod enables the genus Mycopl asna
and the genus Ureaplasma to be detected with a high specificity. [0227] (3)
Resul ts [Tablérpm an amiotic fluid sanple 1 suspected to have
intrauterine infection, infection with a bacteriumwas confirmed (Figure
22(A)).

Table 1
. Target Fluorescence
Analysis . —
Program Mode Cycles Segment Temperature Time Acquisition
Mode
Pre-incubation | None 1 1 95°C 2 min None
Denaturation 95°C 15 sec -
A Quantifi- .
Amplification cation 50 Annealing 55°C 15 sec -
Extension 72°C 15 sec -
Denaturation 95°C 0 sec -
Melting Curve | Melting .
Analysis Curves 1 Annealing 70°C 15 sec -
Melting 95°C 0 sec Continue
0.1°C/sec. -
Cooling None 1 1 40°C 30 sec -

10
Figure 13 and Figure 14 are an amplification curve and a melting
curve showing analysis according to the program conditions described in
Table 1.
Figure 13 shows that an amplification curve appears evenif a
15 template is not included; and Figure 14 shows that a melting curve of the

primer dimer was observed around about 76°C.
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Furt her nore,

delivery,

froman amiotic fluid sanple 2 of threatened premature

infection with the genus Ureaplasma was confirned (Figure 22(B)).

10These exani nations can be carri ed out

sinply. Furthernore,
.exam nati ons of contam nation in,

f ungus,

and Mycopl asna).
base sequence of the

in about two hours rapidly and

for exanpl e,

the prinmer set of this Exanple can be used for

an organi sm experi nent
envi ronnent such as a culture solution of the cultured cells (bacteria,

[ 0228] 15As to the detected genus Ureapl asma,
anplification product was further analyzed, and as a

t he

resul t, itl9%88]confirnmed that the detected genus Ureapl asma was the

Ur eapl asma
t he

fungi,

sl vy

In this way

t he species |evel

of the detected bacteri a,
coplasma, and the genus Ureapl asna can be identified by

subj ecting the 20PCR anplification products to sequencing. Alternatively,
speci es can be identified by analyzing the conbination of Tmval ues of a
plurality O©éblerfblification products (W2007/097323) or by using a

strain-specific nested prinmers with respect to the further inner side of
the anplification praggat by al uni vertssl fargeter (r'm“ FlhoreseerdER by a
plural ity |of "3 hersmey S&”FossTBM8Y. |2aheaaed| "(ExpnASE" Det ection
Met hod Co %il_lillj%,Hi gw nsTtirve D tcx,titékc%th d—and—CteStep Nested PCR
Met hod of [SEBIPEEM o e Det ectled) ° addi £["8n| t o A% highly
sensitive detection nethqgd usi|ignguBAP albCt he| there di spl-ay nethod in
accordance with the presgnt inveRrtdsfiHa, |bY seepl Y| idep} he "nested
anplification nmethod" or |by devisingapextenston—tipe,—wth—one trial of
t he nest ed AREIRcatiow 1 SUBNUGHI ysosensi tive detection can pe carried out while a
high sensitivity and®%pildity arfeteminngai Ae¢. ({195 sk¥ | mer -Set and Reagent
for PCR Mbst of commerciglly avail abl e|thernostjabl e PNA pol yner ase
10pr oduced by using bactegria as—ahostyusg.t LUEi a dsimat i her eof .
Ther ef or e —whenPCR is—carried outforldetetting-Straind 6t E| coli or the
genus neafr E. coli, a risk of [mhaigatpae¢udepasi t|i veecnptural ly becones
hi gher. In oltr_decr to Msc[%_l ve suchaproblem and tlo detbet—E—coffli with high
H H H elting Curve elting . "
sensitivit Anayeis | Cuves | 1| Anneating 70°C | 15sec -
. 95°C )
Melting 0 1°Claca. 0 sec Continue
Cooling None 1 1 40°C 30 sec -
5 With reference to the results of the melting curve shown in Figure 14,

10

the temperature at the time when flucrescence was detected was set to

84°C, the middle temperature between that of the primer dimer and that of £.

coli. The real-time PCR was carried out according to the conditions

described in

[0210]

Table 2;

Figure 15(A) is a graph showing an ampilification curve of the results of

real-time PCR according to the program conditions described in Table 2.

According to this method, when water was used as a template, a primer

12
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and high specificity, by applying the "nested anplification nethod" or by
_1sdevising an extension tine together wwth the highly sensitive detection
nmet hod using e-DNAP, the One Step sem -nested PCR using a prinmer specific
te E. coli was carried out. The PCR reagent is the same as that in Exanple
3. Herein, the sem -nested priner set specific to E. coli is showmn. E. coil
specific Forward Priner: TAACGECTCACCTAGGECGA (SEQ I D NO 2058) E coif
specific Reverse Primer: GIGGACTACCAGGGTATCTAATCCTG (SEQ ID NO 59) E. coli
specific sem -nested Prinmer: GCAATATTCCCCACTG (SEQ I D NO 60) The
pri mers wedimarewagRel dispiayednhand Whenth Goll wes added ge aoiemrlate, 8EQ 1 D NOs: 58

and 59 were 65C respectively, and the Tm.val ue of the sem -nested priner
of 'S0 1'D RemabamBLtaEsien cure of 2 faroel el GRS MogUEVATROAENRYG by

Appl yi ng tt@n{',lglested Amplification Method" The |l ength of the
arrplificati[ roduct | by using the prinmer of SEQ ID NGs: 58 and 59 is 548

op. In this way CRyneArORITERER R R R R R Rt ' e

anplifigcation pgﬁ‘ﬂé@rﬁ tlﬁé;%]rfn viathQHé e -EliQﬁa?rnﬁéfﬁ{r)rglirijrgcr‘ﬁ\%ﬁngéﬁjitﬂmd such

that the difference o al ues "between the a Ircation products is .

| ncreased. tl"?egﬁs_%sbﬁﬂﬂvbn%iérﬂ‘ nfEFHiéﬁ?%l Péct@f*iatd?\%fﬁ i'\hﬁibﬁf%\t/e%/\rggbrééé’rﬂqﬁt | was

'§
87C, and the Tmval ue of the anp | cati on product | 83C. However,

si nce GC% Qfriblesampldsiwéal trieh 18 betiiEntifbd epbiSdémtfieimA pdal%imé PCRESI gni ng
prinmers, GC% of the anplification product 15must al so be considered

suf fi ci ent reyagdr férdatettirg badtade ahdehd prividreenstisition fxare elde baimehss sal t
concentration of PCR Buffer, the salt concentration should be al ways
constant. [rOE2ahpieXt ThishExample-wasrearied qutag thesaras nammeress iout in t he
conditions 20described in Table 3. In this condition setting, in addition
t o t helthi ghkgmple 2 except that a real-time PCR reagent for detecting fungus and the
primer constitution were as follows: an rTaq DNA polymerase (ToYoBo) was
used as a thermostable DNA polymerase- produced by using. bacteria as a
host, and the below-mentioned universal Aprimer for detecting fungi was used.
Forward Primer: GAATGAGTACAATGTAAATACCTTAACG (SEQ ID NO: 9)
15 Reverse Primer: GCTTTCGCAGTAGTTAGTCTTCA (SEQ ID NO: 45)
Since CFU/ml is usually used as the unit of the concentration of the
infectious bacteriaffungi, in order to aliow the unit to match to that for the
PCR quantification assay calculated in DNA concentration, calculation was
tried via McFarland turbidimetric method. Specifically, after £. cofi and C.
20  albicans were suspended in physiological saline, respectively, a bacterial
suspension that was allowed to match to a median value of 0.5 McFarland
was formed and each suspension was developed onto a medium, and the
CFU/ml was calculated. At the same time, DNA was extracted and DNA/mI
was calculated, and a calibration curve of the real-time PCR of the DNA

25  solution was drawn. .

Converted values of the CFU/ml and the DNA/mI are shown below.
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sensitive detection method using e-DNAP and the non-display nethod,
..nested PCR can be carried out by one trial by applying the "nested

anplification nethod."

t he

In the program setting of shifting to which the

nested primer is bonded is added. 25[0231] [Table 3] Table 3 Program
~Anal ysis Mode Cycl es Segnent Target Tenperature Tine Fl uorescence
Acqui sition Mde Pre-incubation None

10

15

20

25

- E. coli: 0.5 McFarland = 1.3 x 10® CFU/m! = 8.6 pg/ml (8.6 ng/ful)
- C. albicans: 0.5 McFarland = 2.5 x 10° CFU/mI = 18.0 ug/ml (18.0 ng/ul)

Furthermore, as a result of the calibration curve, the following results
are obtained.

- E. coli: correlation coefficient is ~1.00, and calculation formula: number of
cycles = —-4.1 x concentration + 14.6

- C. albicans: correlation coefficient is -1.00, and calculation formula: number
of cycles = —4.4 x concentration + 14.5 _

As the positive and quantitative controls, the following two bacteria
were quantified for every measurement,

- E. cofi: 1.3 x 10° CFU/ p! = 8.6 ng/ul, 2 pl (20 pl of measurement system)
- C. albicans: 2.5 x 10° CFU/pl = 18.0 ng/pl, 2 pl (20p | of measurement
system)

As mentioned above, in this system, when bacteria and fungi are
positive, the quantification was carried out by using the following estimation
formula.

- Bacteria (converted value of E. coli), effective number: 2 digits

13 x 1 08 % [1 0{1 -{(number of cycles - number of control cycles + 4.1)/4.1}] CFU/mI

- Fungus (converted value of Candida Albicans), effective number: 2 digits

25 %1 06 /18 x [1 0{3—(number of cycles - number of control cycles + 7.7)/4.4}] CFU/ml

(1) Examination of Daily Life Water by Using Highly Sensitive
Quantification Method of Subject to be Detected

Next, for the purpose of evaluating the practicality of the constructed
"highly sensitive quantification method of a subject to be detected," the

following four types of daily life water were examined.
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1 1 95C 10 min None Anplification 1 Quantifi- cation 10 Denaturation 94C 15
sec - Anneal i ng 70C

(A) Tap water: water from water supply in Toyama University Hospital.
(B) Spring water: famous water of Toyama Prefecture selected for one
of "the 100 best waters in Japan" in 1985 by Environment Agency.
(C) Hot spring water: heated and circulated hot spring water. No
5 additives are contained.
(D) Air-conditioning water: air-conditioning water in Toyama University
Hospital.
['0212]
Tv‘./enty-five-ml each of tap water, spring water and hot spring water
10 and 1 ml of air-conditioning water were centrifuged at 8000 rpm for 20 min,
and DNAs were extracted from pellets by using InstaGene Matrix (Bio-Rad).
[0213] _
Examination 6f infectious bacteriaffungi was carried out by using the
DNA extraction solution as a template. As a result of the examination, no
15 fungi were detected from any of the four types of daily life waters (B in Figure
15(B)). As to bacteria, however, no bacteria were present in the tap water
and the spring water- (famous), but the hot spring water and the air-
conditioning water proved positive (B and C in Figure 15(C)). As a result of
quantification thereof, the foIIoWing measurement values were obtained.
20 - Hot spring water: 1.2 CFU/ml (converted value of E. cof)
- Air-conditioning water: 78 CFU/mI (converted value of E. coli)
As aresult, it Was revealed that the hot spring water included bacteria
although the amount was small and the air-conditioning water included
bacteria at a high concentration.

25 [0214]
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2 sec - Ext ensi on 72C 20 sec - | 81C 2 sec single shifting Quantifi-

'(2) Examination of Foods Using Highly Sensitive Quantification
Method of Subject to Be Detected
Since bacterial contamination or fungal contamination in foods may
directly cause symptoms of food poisoning, examination thereof is socially
5 important. At this time, cream puffs having High risk of food poisoning by
Staphylococcus aureus were used as a sample. Note here that as an "old
cream puff," a cream puff that had been left at room temperature for several
days was used, and as a contol (a new cream puff), a cream puff in best-
before date, which had been preserved in a refrigerator (not higher than 5°C),
10 was used. For extraction of DNA, firstly, 27.4 g of only cream part of each
cream puff was collected and added to 20 ml of sterilized physiological
saline, which was then centrifuged to remove supernatant. This operation
was repeated three times so as to remove the oil component. Thereafter,
DNA was extracted ffom the centrifuged pellet by using InstaGene Matrix, the
15 examination of infectious bacteria/ffungi was carried out by using the
extracted DNAs as a template.
[0215] '
As a result, extremely small amount of fungi was detected from both
the old cream puff and the control at substantially the same level (Figure 16).
20 In view of the fact that cream puff shell is leavened with yeast, it is not
thought that new fungal contamination occurs.
[02186]
As to the infectious bacteria, no bacteria were detected in the fresh
cream puff, while proliferation of considerable number of bacteria was
25 observed in the old cream puff (Figure 17)., The amount of proliferation was

quantified, and as a result, the following measurement value was obtained.
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cation 2 Denaturation 94C 10 sec - Anneal i ng 60C 2 sec - Ext ensi on
..12C

[0217]
Old cream puff: 1.5 x 107 CFU / (cream)g {converted value of E. cofi)
(3) Examination o_f Septicemia Using Highly Sensitive Quantification
Method of Subject to Be Detected
5 Next, an examination of septicemia using highly sensitive
quantification method of a subject to be detected was tried. At this time, as
septicemia patient samples, blood samples from each of the patient A with
fungemia (septicemia caused by Candida Albicans) and the patient B with
bacteriemia (septicemia caused by Bacillus species) were used. For
10 extraction of DNA, 2 ul each of the blood samples from the patients A and B
was collected, and 2 ul from a blood culture bottle of the patient B was further
collected, DNAs were extracted by using InstaGene Matrix, respectively, and
they were used as a template to carry out the examination of infectious
bacteriumffungus.
15 [0218]

As a result, in the patient A, bacterial infection was not observéd, only
fungal infection was observed (Figure 18). As a result of the quantification of
the fungal infection, the following measurement values were obtained.

- Patient A: 9.7 x 10* CFU / (blood)ml (converted value of Candida

20 Albicans)

Furthermore, in the patient B, no fungal infection was observed, and
only an extremely small amount of bacterial infection was observed (Figure
19). Also, when a blood culture bottle was confirmed, a large amount of
bacteria proliferation was observed. As a result of quantification calculation

25  of this bacterial inféction, the following measurement values were obtained.

- Patient B; 2.0 x 10° CFU / (blood)ml (converted value of E. cofi)

134



20 sec -

| 81C 2 sec single Anplification 2 Quantifi- cation 40

Denat urati on 85C 10 sec -

10

15

20

25

Furthermore, 'Figure 20 shows the results of real-time PCR carried out
by using MRSA DNA as a template and the following Spa and mecA primers
specific to MRSA.

Spa Forward Primer. GCGATTGATGGTGATACGGTT (SEQ ID NO: 46)

.Spa Reverse Primer: AGCCAAGCCTTGACGAACTAAAGC (SEQ'ID NO: 47)

mecA Forward Primer: AAMMATCGATGGTAAAGGTTGGC (SEQ ID
NO: 48)

mecA Reverse Primer:

AGTTCTGCACTACCGGATTTGC (SEQ ID NO: 49)

Use of MRSA-specific primers in addition to the universal primers
used in the above—méntioned Example made it possible to design an analyéis
targeting specific infectious bacteria/fungi.

[0219]

(Example 4: Drug Sensitivity Test Applying Highly Sensitive
Quantification Method of Subject to Be Detected)

A rapid liguid phase drug sensitivity test was tried by applying a highly
sensitive quantification method using the e-DNAP and the non-display
method in accordance with the present invention. In current drug sensitivity
tests, it generally takes several days to obtain results. However, when the
highly sensitive quahtiﬁcation method in accordance with the present
invention is applied, results can be obtained in only four to six hours. Note
here that the liquid phase drug sensitivity test is already described in a
preceding patent (W02002/052034), but it does not use a highly sensitive
method. Accordingly, a sensitive test must be started once culture was
carried out, so that it takes at |east one day to obtain a result.

[0220]
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(1) Cuiture

An equal amount of each sample (for example, blood of septicemia)
was infused into a liquid medium (BHI: Brain Heart Infusion), each sample
medium was collected before culture, two hours after the culture, and four
hours after the culture under the condition in which an antibiotic agent was
added or not added, cells were subjected to centrifugation and pelletizing so
as to obtain DNA, reépectively. Furthermore, it is desirable that extraction of
DNA is carried out by using an automatic nucleic acid extraction device.
[0221]

(2) Quantification of Bacteria by Real-time PCR

A real-time PCR reagent for detecting bacteria, conditions and the
primer constitution were the same as in Example 2.

[0222] ‘

(3) Determination Method

When calculation is carried out when the quantification result before
culture is defined as 0 and the quantification result two hours after and four
hours after culture in which an antibiotic agent was not added is respectively
defined as 100 (an enrichment rate when an antibiotic agent was not added
is defined as 100%), the enrichment rate was calculated two hours after and
four hours after the culture in which an antibiotic agent was added.

For example, the amount of bacteria/fungi before culture is NOh, the
amount of bacteria two hours after culture in which an antibiotic agent is not
added is N2h, and the amount two hours after culture in which an antibiotic
agent is added is K2h, the enrichment rate two hours after an antibiotic agent

is added can be calculated by the following formula:
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Enrichment rate two hours after an antibiotic agent is added = (K2h -
NOh) / (N2h — NOh) x 100 (%)

Alternatively, instead of comparing the enrichment rates, the amounts
thereselves may be compared directly.
[0223]

(4) Result 1: Comparison of Amount of Bacteria Iltself

With respect to the detected Staphylococcus epidermidis, the drug
sensitivity with respect to each of 10 ug/mL of gentamicin (GM) and 10
pg/mL of erythromycin (EM) was evaluated two hours and four hours after
culture, respectively. As aresult, it was revealed that both two hours after
and four hours after culture, the sensitivity to EM was observed, but
sensitivity to GM was not observed (Figure 21(A}). However, since
Staphylococcus epidermidis was not much proliferated after two hour of
culture, in order to evaluaté more accurately, evaluation should be carried out
after four hours of culture.

[0224]

(5) Result 2: Calculation when Enrichment Rate without Adding
Antibiotic Agent is Defined as 100%

With respect to the detected Bacillus cereus, the drug sensitivity with
respect to each of 10 pg/mL of cefazolin (CZ), 10 pg/mL of ampicillin (AP)
and 10 ug/mL of erythromycin (EM) was evaluated two, three, and four hours
after culture, respectively. As a result, when evaluation after four hours when
the enrichment is large, it is revealed that the sensitivity to AP was observed
(enrichment rate: 0%) and the sensitivity to CZ was observed to some extent
(enrichment rate: 16%), but the sensitivity to EM was hardly observed

(enrichment rate: 76%) (Figure 21(B)). Thus, since the "level" of the
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- (2-2) One Step Nested PCR Met hod by Devising Extension Tinme The | ength

~of the anplification product | by using the prinmers of SEQ ID NGs: 58 and
59 is 548 bp, and the length of the sem -nested PCR anplification product

Ik is 110 bp. In this way, the positions of the prinmers were designed so as

.to clearly differentiate in the length of the anplification products.

[0232] 10Next, the real-time PCR programwas carried out in the conditions

described in Table 4. In this condition setting, in addition to the highly

e B ST A oSt e P PV o e
[0233] 15 LIaRlo%s Hqui! BodelhO U AaA07 Wi Re HAhe ¥ShRiSTITR Tor ot
antibiotic agent is shown or not shown at all can be determined even in an
early stage such as two hours after culture,
5 [0225]
(Example 5: Amniotic Test of Intrauterihe Infection Using Highly
Sensitive Detection Method of Subject to be Detected)
By using a highly sensitive detection method using the e-DNAP and
the non-display method in accordance with the present invention, a rapid and
10 simple amniotic test of intrauterine infection was carried out. Since the
greatest cause of premature birth is intrauterine infection, which have a risk
that a fetus may die, an analysis method for rapidly determining the presence
of infection has been demanded. In the intrauterine infection, the infection
rate of infectious microorganisms such as of Mycoplasma and Ureaplasma,
15 in addition to bacteria and fungi, is extremely high. Since the base
sequences of the genus Mycoplasma and the genus Ureaplasma are
extremely different from the base sequence of bacteria, they cannot be
detected by using universal primers of bacteria. Accordingly, it is necessary
to use a primer of each microorganism.
20 [02286]
(1) Primer Set and Reagent for PCR
The real-time PCR reagent for detecting bacteria and fungi and the
primer combinations are the same as in those in Example 3.

Hereinafter, the primer constitutions for detecting the genus

25  Mycoplasma and the genus Ureaplasma are shown. For detection of the
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Ti me Fl uorescence Acquisition Mdde Pre-incubation None 1 1 95C 10 mi n None
Amplification 1 Quantifi- cation 10 Denaturation 94C 15 sec

genus Mycoplasma and the genus Ureaplasma, a nested PCR method was
used.
For detection of the genus Mycoplasma and the genus Ureaplasma, e-
DNAP was used, and the PCR reagent the same as in Example 2 was used.
5 The PCR program was the same as in Example 2.
Mycoplasma Forward Primer. GATGATCATTAGTCGGTGG (SEQ ID NO;
50) '
Mycoplasma Reverse Primer; CTACCTTAGGCGGTCGTC (SEQ ID NO: 51)
Mycoplasma Forward nested Primer: GACATCCTTCGCAAAGCTAT (SEQ
10 ID NQO: 52)
Mycoplasma Reverse nested Primer; CAGTTACCCAGGCAGTATCTC (SEQ
ID NO: 53)
Ureaplasma Forward Primer: GAACGAAGCCTTTTAGGC (SEQ ID NO: 54)
Ureaplasma Reverse Primer. GATACAGCTAGACGTTAAGCATCTA (SEQ
15 ID NO: 55)
Ureaplasma Forward nestéd Primer; TAACATCAATATCGCATGAGAAG
(SEQ ID NO: 56)
Ureaplasma Reverse nested Primer: CAGTACAGCTACGCGTCATT (SEQ
ID NO: 67)
20 (2) PCR Detection Method
With the above-mentioned primer set, it is possible to determine
whether any one of bacteria, fungi, the genus Mycoplasma, and the genus
Ureaplasma is present in the amniotic fluid rapidly and simply. The detection
method may use a realtime PCR method or may use a method of cbnfirming
25 by subjecting a PCR product to electrophoresis on an agarose gel. The

method of Example 3 using e-DNAP enables bacteria and fungi to be
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detected with a high sensitivity, and the nested PCR method enables the
genus Mycoplasma and the genus Ureap/asma to be detected with a high
specificity.

[0227]

(3) Results

From an amniotic fluid sample 1 suspected to have intrauterine
infection, infection with a bacterium was confirmed (Figure 22(A)).
Furthermore, from an amniotic fluid sample 2 of threatened premature
delivery, infection with the genus Ureaplasma was confirmed (Figure 22(B)).
These examinations can be carried out in about two hours rapidly and simply.
Furthermore, the primer set of this Example can be used for examinations of
contamination in, for example, an organism experiment environment such as
a culture solution of the cultured cells (bacteria, fungus, and Mycoplasma).
[0228]

As to the detected genus Ureaplasma, the base sequence of the
amplification product was further analyzed, and as a result, it was confirmed
that the detected genus Ureap/asma was the Ureaplasma parvum. In this
way, the species level of the detected bacteria, fungi, the genus
Mycoplasma, and the genus Ureapl/asma can be identified by subjecting the
PCR amplification products to sequencing. Alternatively, species can be
identified by analyzing the combination of Tm values of a plurality of
amplification products (W02007/097323) or by using a strain-specific nested
primers with respect to the further inner side of the amplification product by a
universal primer (multiplex PCR by a plurality of primers may be possible).

[0229]
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1 81C 2 sec single Amplification 2 Quantifi- cation 40 Denaturation 94C 10
..sec _ Anneal i ng 60C 2 sec

(Example 6: Detection Method Combining Highly Sensitive Detection
Method and One Step Nested PCR Method of Subject to be Detected)
In addition to the highly sensitive detection method using e-DNAP and
the non-display method in accordance with the present invention, by applying
5 the "nested amplification method" or by devising an extension time, with one
trial of the nested PCR, more highly sensitive detection can be carried out
while a high sensitivity and rapidity are maintained.
(1) Primer Set and Reagent for PCR
Most of commercially available thermostable DNA polymerase
10 produced by using bacteria as a host use E. cofi as a host thereof.
Therefore, when PCR is carried out for detecting strains of E. cofi or the
genus near E. coli, a risk of being pseudopositive naturally becomes higher.
In order to solve such a problem, and to detect E. cofi with high sensitivity
and high specificity, by applying the "nested amplification method" or by
15 devising an extension time together with the highly sensitive detection
method using e-DNAP, the One Step semi-nested PCR using a primer
specific to E. coli was carried out. The PCR reagent is the same as that in
Example 3. Herein, the semi-nested primer set specific to E. coli is shown,
E. coli specific Forward Primer: TAACGGCTCACCTAGGCGA (SEQ ID NO:
20 3B)
E. coli specific Reverse Primer: GTGGACTACCAGGGTATCTAATCCTG
(SEQ ID NO: 59)
E. coli specific semi-nested Primer: GCAATATTCCCCACTG (SEQ ID NO:
60)
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- Extension 72C 2 sec - | 81C 2 sec single Melting Curve Anal ysis
.Melting

The primers were designed such that the Tm values of the primers
SEQ ID NQOs: 58 and 59 were 65°C, respectively, and the Tm value of the
semi-nested primer of SEQ ID NO: 60 was 55°C.
(2-1) One Step Nested PCR Method by Applying the "Nested
5 Amplification Method"
The length of the amplification product | by using the primer of SEQ ID
NOs: 58 and 59 is 548 bp, and the length of the semi-nested PCR
amplification product il is 110 bp. In this way, by clearly differentiating
between the lengths of the amplification products, the positions of the primers
10 were designed such that the difference of the Tm values between the
amplification products is increased. As a result, the Tm value of the
amplification product | was 87°C, and the Tm value of the amplification
product |l was 83°C. However, since GC% of the amplification product
affects the Tm value, in designing primers, GC% of the amplification product
15  must also be considered sufficiently. Furthermore, since the Tm vaiue was
affected by the salt concentration of PCR Buffer, the salt concentration
should be always constant.
[0230]
Next, the real-time PCR program was carried out in the conditions
20 described in Table 3. In this condition setting, in addition to the highly
sensitive detection method using e-DNAP and the non-display methaod, the
nested PCR can be carried out by one trial by applying the "nested
amplification method." In the program, setting of shifting to which the nested
primer is bonded is added.
25 [0231]
[Table 3]
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Curves 1 Melting 95C 0. 1C/sec. O sec Continue Cooling None 1 1 40C 30 sec
_(3) Results The real -tinme PCR was carried out by the follow ng
program by m xing three priners including the sem -nested prinmer to confirm
whet her only the above-nentioned anplification product I or the
~anplification product Il was anplified by the nested PCR, based on the Tm
val ues of the anplification products or the sizes thereof by applying the
"nested anplification nmethod" and designing the extension tinme. 10(3-1)
Confirmation that Only Quter Anplification Product |I is Anplified

Table 3
i Fluorescence
Analysis Target - ;o
Program Mode Cycles Segment Temperature Time Ac:\qﬂu‘;zlgon
Pre-incubation | None 1 1 a5°C 10 min None
Denaturation 94°C 15 sec -
e Quantifi- Annealing 70°C 2 sec -
Amplification 1 cation 10 Extension 72°C 20 sec -
1 81°C 2 sec single
Denaturation 84°C 10 se¢ -
. Quantifi- | Annealing 60°C 2 sec -
shifting cation 2 Extension 72°C 20 sec -
1 81°C 2 sec single
Denaturation B5°C 10 sec -
. ] Quantifi- Annealing B60°C _2sec -
| Amplification 2| “iion 40 Extension 72°C 20 sec -
1 81°C 2 sec single
Melting Curve | Melting . 95°C .
Analysis Curves 1 Melting 0.1°C/sec. 0 sec Continue
Cooling None | 1 1 40°C 30 sec -

(2-2) One Step Nested PCR Method by Devising Extension Time
The length of the amplification product | by using the primers of SEQ
5 ID NOs: 58 and 59 is 548 bp, and the length of the semi-nested PCR
amplification producf [lis 110 bp. In this way, the positions of the primers
were designed so as to clearly differentiate in the length of the amplification
products.
[0232]

10 Next, the real-time PCR program was carried out in the conditions
described in Table 4. In this condition setting, in addition to the highly
sensitive detection method using e-DNAP and the non-display method, the
nested PCR can be carried out by one trial by devising the extension time.
[0233]

15 [Table 4]
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Only the Amplification 1 programpart shown in Tables 3 and 4 is tried 50
_.cycles, respectively. The point is an annealing tenperature of 70C. Since
the Tm val ue of the outer primer is 65C and the Tm val ue of the inner
sem -nested prinmer is 55C, only the outer priner is bonded in the annealing
~15at 70C. As a result, only the outer anplification product I is anplified.
Experinent results surely show that only an anplification product having a
Tm val ue of the anplification product | of 87C and having the |l ength of 548
bp is anplified (Figure 23(B) and Figure 25). (3-2) Confirmation that Only
I nner Anplification Product Il is Anplified Only the Anplification 2
program paTgblghpown in Tables 3 and 4 is tried 550 cycles, respectively. The
point in applying the "nested anplification nethod" in Table 3 is the
anneal i ng [t enper at ur, al 60C and the de¢na égtl n t efrpledrescence | of 85C. I n

| ﬁ' i:@

obﬁ

anneal i ng |atPrég0A@ a rﬁafP'@ | rﬁ,elglmmtang i Timest etba 'E'EiOFrer are bonded,
A Aat-Hrat-ef a |ra| a¥a¥=Vd i 1 I
but when tP'r)é-_in GRAEYF Nf' ,rmpue H er P i cation
\'4 Ib

product | I—¢ arge: qc??wﬁ, den rh'tiorid ter—eafpH i cati on

product | |(Tm val ue: ?f) isn AnRIBRRL UT CFeecS FakdS Pt t
atl

Do

.kr
Q
Q]
d
b
[{1]
ao
ite
T q

t—onty{the inner
anplifi cat 'F“Dwﬁtpﬁcmd st0anpig - [EXPSCl TTEMp EE€FUI T surel y show t hat
only an anplificatiijon praduct T (ptters GBS pri Hede ng[@g ttavi ng 83C

whi ch ar e the—Tmrvat ve—anmd— 10 duaarsioaTpt ghdced (fogr e 23(A) and Figure
25). 15 [0234] Quadtg POI Nt ahnHdfg $1 NGosche ext@nsion time in Table 4 is
t he extens;‘i’"ﬂ?ﬁ'*‘tai'%@ f;t.(wvc S¥c ONGStensiol anNnNescl N0 88ecBPC, al I the primers

i ncluding|the sem - nested prijmer are phonged, DUL sNEN L-.n@e ext ension tine
i's two seCR@dt cwk] g [The 1[N anpli Tiggati on_produ 10 bp)

ext ends, 1 hesnodier Z@warpl-iffca 'g'ﬁ"”}?r oducteChed 54%86& %3 'H‘bet extend. As a
result, onl yCqolir@ i nnleneanplifilcation ptodd®t ii| I0seanplif-i ed. | Experi nment

results surely show that only an anplification product Il (others are
prinmer diners) having 83C which are the Tmvalue and 110 bp is anplified
(Figure 23(A Hdsguge 25). (3-3) Confirmation of Highly Sensitive

Quantification t hod Using e-
The real-time PCR was carried out by the following program by mixing

5 three primers including the semi-nested primer to confirm whether only the
above-mentioned amplification product | or the amplification product Il was
amplified by the nested PCR, based on the Tm values of the ampilification
broducts or the sizes thereof by applying the "nested amplification method"
and designing the extension time.

10 (3-1) Confirmation that Only Outer Amplification Product | is Amplified
Only the Amplification 1 program part shown in Tables 3 and 4 is tried
50 cycles, respectively. The point is an annealing temperature of 70°C.,
Since the Tm value of the outer primer is 65°C and the Tm value of the inner
semi-nested primer is 55°C, only the outer primer is bonded in the annealing
15 at 70°C. As a result, only the outer amplification product | is amplified.

Experiment results surely show that only an amplification product having a
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25 DNAP and Non-Di spl ay Met hod The real -time PCR was carried out
according to the programsetting in Tables 3 and 4. As a result, only in
the presence of E. coli, anplification was observed, and in the presence
of distilled water (D. W), Staphyl ococcus aureus (S. aureus) and Hunman DNA
DNA proliferation was not observed at all (Figure 24(A): only anplification
of the anplification 2 of Tables 3 and 4 is shown). That is to say, even
after 60 cycles in total, anplification was not observed in other t han t he
case in which

quant i fi caf %Hglé‘ﬁr??ls'@e @W'?@@'%@roﬁlﬁ%ﬁ%gfoﬂw :Qr @nﬁ&bgﬁ'%tﬂ tthgierl%ﬁ gﬁslegfll tve
gﬁeni)lhfgl eéo 02'%5%}?@'%&&@”% ;[4”0 F|gHrq02§)p|S;fg {\Iﬁfgﬁghpﬂ?e enti ré Bigglrj;ﬁn
and e | en Iaﬁﬁi&%nﬁﬂq =kt SN T AcBPcelio bR LEABRMRE: oduc
lcl)n:‘lv?fnggp!t Ih;!t et h@%@gﬁﬁ@m%g@;drg@ﬁ%rgg%ouﬁﬁ%%aoneu# rgpgit‘t'fﬁéed Step) by

ePre) 02080 YEER: BeeRER el T el ehpRing tHe '%/Eﬁé"yéﬁwﬁt Renti oned. "
above, it Wﬁ%‘ihé‘d)ﬂh"ﬂ'dméstt@ﬂﬁeé\ﬁ aeliiachinghbiins B8DIE YRggHent | 11 cati on

met hod is carried out by using e- t he non-di splay nmethod, and at

the same tdgRaturdtorQeenparaiure of 8geC P%hﬁeﬂﬁ@éﬂ@’@)ﬁll%ﬁiﬂﬁé&%lndﬁﬁ ‘nested
anplification nmethod" and designing the 25extension tinme, a highly specific

det ecti on thensdmai-nestededinmertarb\bomaley, detwiseémthe den&CGRatiorolgnaeratfaré e hi gh
sensitivity and rapidity can be maintained. According to the nested PCR of
t hese Exanisl 85°Q, lilee pmierentplifipation product B.(Toovélaee83%iiis dedatused buf or

exanpl e, a method of conbing bacterial universal primers for inside and
outsi de), alie euteeemplificatiansprioguptak(Ten Nalueuﬁl_f'?/%} @aﬂot}ﬁiehﬁﬁtretﬂ oAStthe out si de
and a species-specific primer for the inside ( pl ex 5 PCR using a

plurality EsWpealyithe ”ﬂﬂqrr‘?é‘i*%“f@éh‘)'&PéQﬂ%"d&lamFétﬁegutE)Xp@é!m%% reBHtsi ned.
devi si ng. oPieRLSREN Sty e aeRIcBeD Pt DPRIArS eFoPUmer SrBpShest ed PR
met hod Canhg elnﬁ %%Eb Wi |8Htare reeTrrne\llelllgg la}gd 1[1%2bp ]s amplified (Figure 23(A)
and Figure 25).
15 [0234]
The point of devising the extension time in Table 4 is the extension
time of two seconds. In annealing at 60°C, all the primers including the semi-
nested primer are bonded, but when the extension time is two seconds,
although the inner amplification product 1l {110 bp) extends, the outer
20 amplification product | (548 bp) cannot extend. As a result, only the inner
amplification product |l is amplified. Experiment results surely show that only
an amplification product 1l (others are primer dimers) having 83°C which are
the Tm value and 110 bp is amplified (Figure 23(A) and Figure 25).
(3-3) Confirmation of Highly Sensitive Quantification Method Using e-

25 DNAP and Non-Display Method
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10( Exanple 7: H ghly Sensitive Quantification lIdentification Method for
_.Subj ect Mcroorganismto be Detected Using e-DNAP) PCR wi th respect
to unknown infectious mcroorganisns is carried out by using universal
primers, and the conbination of Tmvalues of a plurality of anplification
.products is analyzed, so that the infectious m croorganisns are .
15identified rapidly and sinply (W2007/097323). Wen the infectious

m croorganismis a bacterium since the universal priner of a bacteriumis
used in this identification method, .if the e-DNAP is not used, the risk of
pseudoposi tive 6beied-tHRe Rtk wassHasried ght gocerdinigtohe pep@ram setticdihot be

C o Ot anfal AR asul, o5k HARNB b ol BP A oRas cren
and Reagerebyesk S IniRebrb S o Rl oEPeRy (T PEbasatbes & S0 1 D
E?iauiidlf °%ﬁ%u$3§-géﬁfel"+%5ﬂ§§w@§f{ TR AT R er L AP o0 RESENRA RS (Pose
Iblnoodasr%rrg?lg(l:c;égaae %’g&ﬁ@@ggﬁ@g ?%?R ?f tthﬁean:}t m%ﬁlﬁen |]doflael§é% ggﬂqfateﬁger IggRai S

tried so aghdwnobfiRdtls fo E@,V@leﬁeaff@‘r E0R &1 intB, SAMBI BtBn Y Adti cati on

products. The conbi nation of the seven PCR anplification products is

col I ated vwideribe i 6ihep tharptradaRanavhidh 2 BbS walsi UBed, fiupal tdnfakidon resul ts
by the trial of the real-tine PCR can be obtained. (3) Dat abase The

conbi nat i ofhat tife highlyssarsitivEnquenitifiestiarscarobeaalriaf otthtey dSingypPPBIAH bacteri a
extracted from positive sanples of septicem a for the past one year in
Toyama Uni amd Hid gotddssplayamettande been i nput. The seven Tmval ues 10 are
obt ai ned by using primers of SEQ ID NOs: 15 to 28 and by using the reagent
for PCR an@®2BBR conditions that are the sane as those in Exanple 2. (4)
I dentification Method )
(3-4) Confirmation of One Step Nested PCR
A product amplified by using DNA of E. cofi as a template through the
entire program described in Tables 3 and 4 was only one, and it had the Tm
value of 83°C and the length of 110 bp, that is, only the inner amplification
15 product Il was amplified (Figure 24(B) and Figure 25). As a result, it was
confirmed that the nested PCR can be carried out by one trial (One Step) by
applying the "nested amplification method" and by devising the extension
time.
[0236]
20 (3-5) Conclusion of Results
As a result mentioned above, it was confirmed that when the highly
sensitive quantification method is carried out by using e-DNAP and the non-
display method, and at the same time, the One Step nested PCR is
combined by applying the "nested amplification method" and designing the
25  extension time, a highly specific detection can be carried out by only devising

the PCR program while high sensitivity and rapidity can be maintained.
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The average val ue of seven Tm val ues obtained frompatient sanples isis
calculated, and a relative value is calculated fromthe average val ue
(since this value is not an absolute value, plus/mnus is generated). The
seven rel ative values are denoted by Direr to D7ref. Simlarly, the val ues
are calculated as to each-of the bacteria in the database, the seven

rel ative values are denoted by Dia to D7db. Then, as to all the bacteria in
t he 20dat abase, the following calculation is carried out. [0238]

[ Expression 2] Dist. = T (D1 db D re024*(D2db D2ref)2+.,.+O.db - _D7 reff

A bact eri ufi9eRI4IRg t@ e neptel PCR phthese kxaraeles. the mrimersaeracificdtorE.om t he
25dat abase, and this.bacteriumis identified to be.a causative bacteriumin
The  canp S48 CBMBITEG BbdonEraTBied EtRO Comhite PR IaEL TV
algorithm.of. the . .identjficafi sQf re.of, the.copputer nj y inputting
the seven RiVAF sERgide ariCaldlsn ol ehnBie o Brig PRYSTaLuteral Y i cat on
results ca ined. s I By USL | ¢ ;s Exanpl e,
reasur ement" e P Pl tslgR At et ¥RL AR PifferpPRie e e mulidiex
corrected. & I occurs for
cvery roastiaReRd & HRfsRy o KPBoi: st bah o bRl RIS LA el T on  an

error that chiiia DuEfRee By Merbbatife bhdenafles ariiiibaydrpasur ement

occurring between sanples I1n the sane t wever, r exanpl e, when

Rot or Gene6féthd @ GRUaBSMING of HeeEnsiBA tihRRintd bmﬁ%%@ﬁ%,ﬂﬁ&'@né s used,

since a neasurenent error between the sanples is 0.01 he error hardly
af fect i deiBte nestelddC RamndtHdaesarT los eamieciusttneonedelitblyi cati on can be carri ed

out. (5) Results The seven Tm val ues in unknown bacteria obtained from
patient 15¢@2F]es were 84.98, 84.45, 84.84, 84.31, 81.20, 81.83, and 81.12,
10 (Example 7: Highly Sensitive Quantification Identification Method for
Subject Microorganism to be Detected Using e-DNAP)
PCR with respect to unknown infectious microorganisms is carried out
by using universal pfimers, and the combination of Tm values of a plurality of
amplification products is analyzed, so that the infectious microorganisms are
15 identified rapidly and simply (W02007/097323). When the infectious
microorganism is a bacterium, since the universal primer of a bacterium is
used in this identification method, if the e-DNAP is not used, the risk of
pseudopositive occurs and therefore highly sensitive detection cannot be
carried out. That is to say, it is desirable to use e-DNAP for identification of
20 bacteria in this Example. Furthermore, as measurement equipment, it is
desirable to use RotorGene6000 (Qiagen).
(1) Primer Set and Reagent for PCR
As the universal primers of bacteria, SEQ ID NOs: 15 to 28 are used.
Thus, seven PCR amplification products can be produced. The reagent for
25 PCR and PCR conditions are the same as those in Example 2.

(2) Analysis method.
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respectively. As a result of the calculation by the identification
software, Klebsiella pneunoniae having Dist. of 0.05 was able to be
“instantly identified as a causative bacteriumthat is the closest to Dist.
=.0 (Table 5: calculation results by identification software). Furthernore,
~quantification was possible. 20[0239] [Table 5] 41.3iala 1 13 "N14; 1 -1
of") 't * 4iSiclhgl' g clicgi*71 oD6' 10y a-; alolo, .. . ... . ..col0 gni
il Mlal;04:Tim2i0:10:tg .. "nmem..... 1 ... ..INCXO "3 3initm......

03 After DNA is extracted from a blood sample of a septicemia patient,

the above-mentioned real-time PCR is tried so as to obtain a Tm value of
.each of the seven PCR amplification products. The combination of the seven
PCR amplification products is collated with the following database. At this
5 time, quantification résults by the trial of the real-time PCR can be obtained.
(3) Database
The combinations of the seven Tm values as to each of the 45 types

of bacteria extracted from positive samples of septicemia for the past one
year in Toyama University Hospital have been input. The seven Tm values

10 are obtained by using primers of SEQ ID NOs: 15 to 28 and by using the
reagent for PCR and PCR conditions that are the same as those in Example
2.
(4) Identification Method

The average Value of seven Tm values obtained from patient samples

15 is calculated, and a relative value is calculated from the average value (since
this value is not an absolute value, plus/minus is generated). The seven
relative values are denoted by D1, to D7er. Similarly, the values are
calculated as to each of the bacteria in the database, the seven relative
values are denoted by D14y to D740. Then, as to all the bacteria in the

20 database, the following calculation is carried out.
[0238]

[Expression 2]

Dist. = v (D1d5— D1rer)**+(D2ap — D2ref)*+...+(DT ap— D7 rer)’)

A bacterium having the "Dist." that is closest to O is derived from the

25 database, and this bacterium is identified to be a causative bacterium in the
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sample. Since the above-mentioned method is incorporated in an algorithm
of the identification s.oftware of the computer, only by inputting the seven Tm
values obtained from the patient samples, the identification results can be
obtained instantly. By using the algorithm of this Example, meas_urement
errors of the Tm value for every trial are completely corrected. In other
words, even if an error of the temperature occurs for every measurement,
such an error does not affect the identification. An error that cannot be
corrected by this method is an error ih measurement oécurring between
samples in the same trial. However, for example, when RotorGene6000
(Qiagen) as one of the real-time PCR equipment is used, since a
measurement error between the samples is £0.01°C, the error hardly affect
identification, and therefore accurate identification can be carried out.
(5) Results

The seven Tm values in unknown bacteria obtained from patient
samples were 84.98; 84.45, 84.84, 84.31, 81.20, 81.83, and 81.12,
respectively. As a result of the calculation by the identification software,
Klebsiella pneumoniae having Dist. of 0.05 was able to be instantly identified
as a causative bacterium that is the closest to Dist. = 0 (Table 5:; calculation
results by identification software). Furthermore, quantification was possible.
[0239] |
[Table 5]

149

g
N

4
6

1



Furthernore, fromthe usual exam nation of bacteria, it was confirned that
_Kiebsiella pneunpnia is detected fromthe patient sanple, and that the
“identification result is the sane as that by the usual method. Not e
here that seven Tmval ues in the database of the Klebsiella pneunonia were
.85.02, 84.48, 84.45, 84.29, 81.20, 81.84, and 81.14, respectively. [0240]
5The identification nethod of this Exanple can be used for not only
identification of bacteria but also identification of fungi and other
organi sm speci es, .. EuLLhermr el tolS.aGll 0l cal by useful...t o exam ne the
presence or abse (?igtganqanﬂl DirDY i $ agem&rem stang {gne such as necA
toget her. 10l ndufter| il Appl i @abid ity i[ 8248 SAid@dntification and/ or

i dentification ngtHof off @it gf fayi Sanit g e Ceﬁectgd i f [accordance with the

present inventi off eﬁopl fcall eg o dlai By; Iy fegviatgr jekgm nations, food
exam nati ons, sef T & B el i oy w ey '1;55.=e'r;3'1'1w‘rty tests, "and the
|i ke. Basically, et hbd Cs %))Igcagl-a&d) arly &t hef |sanpl es which shoul d
be sterile and ajfesehaleeh g nkoet-+of: Fof-exdarpt-gilt s thought that
exam nations of %o c@yz -osgi N (fPdif i Che mmiptic;flluid (intrauterine
infection), and jfe.4.i%e,2Hafel M. giR.doRlalS. cobtinibuiidg, and the rapidity
of this system(rgs‘p&t&?s a¥d el & mimddIw t%h A tiwos houBd) is particularly
20useful . [0242][& ' & Eudtihdrndr &.3 Wi Bel maho® jof8 piaetli cal use is possible
not only in exa % @s grf ehe¥iald Bel & edtio fhuseth,| but also in
exam nations in f el df gf gve@etihdrfian® £t ex@npla,] i nfection of
donesti ¢ ani mal sjf 0T 45T EX TR NART TS 116 Al orgigni et 6Xeri ment environment,
for exanple, confi@Migtiopiig cg | $dlfurg s;gui@n; g
: §lgiglgiaiginig; & %
<iB:@:8:18!18:85;8B:8; 8 &
gi818/8/818(R{318]8 %8
] o o o o ﬂ.“"::." m.:-- e . - -
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Furthermore, from the usual examination of bacteria, it was confirmed
that Kiebsiella pneumonia is detected from the patient sample, and that the

identification result is the same as that by the usual method.
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Claims [Claim 1] A thernostable DNA pol ynerase preparation, wherein:

(1) the thernostable DNA pol ynerase has contam nation with 10 fg or |ess of
bacterially-derived nuclei.c acid other than a gene encoding the

t her nost abl e DNA pol ynerase based on 1 unit of the thernostabl e DNA

pol ynmerase, and (2) no anplification products of the
bacterially-derived nucleic acid are detected even when 32 cycles or nore
of gene anplification reaction are performed in the preparation under

conditions containing no tenplate using prinmers capable of anplifying only
t he bacteri al | yNpie heezlthalcewee Tae values ieitha ﬁaﬁabaae of reeKiabstadiang t he
t her nost abl e DNA pol yner ase. roduction nethod for a

L her oSt ablRBCBRIRTIAMPTRR PAAE. SHciid: b4 2% 28 BBt h 8839, of

(1) culturing transformant eukaryotic cells carrying a gene encoding the
t her nost abl'"%59 ASGEVEY! yner ase, " (2) obtaining an extract containing

t he ther WDT@%H4G DNA pol ynerase fromthe cultured transformant eukaryotic
cells, foll by subjecting the extract to heat treatnent, or

Foll onctl By obt dPRidEicLBR FARBR T i EXalR Sl ?ﬁiﬂf@gﬁg Kol yrer ase
L;?woéhgczgc?égh %r?gf 65&8@5 ‘PJV\}:E@B |8§rj1tlf|%ahée>rgtof‘ lmegﬂand other. org %(r)rﬂrgg“g: ' gn

t enper at urtggg&feg?ﬁugh éF‘e mt}{{gcﬂhﬁh useful to exa-'fﬂﬁeﬁh@?;ﬁ%%rﬁ%r&et hod

accordi ng ereint gene encodi ng nost abl e DNA

pol yner ase gHgefcd 6f arh Bﬁtl&lbﬁ@%?@hﬂ?gsiéféhﬂﬁeﬁteéudf@s fﬁébm fdgefiirmophi i c
bacterium or a hyperthernophilic bacterium The

production nmethod according to any of clains 2 to 4, wherel n the gene
encodi ng the therrnostabl e DNA pol ynerase conprises DNA consisting of the
base segueireiustrial SERlidEbility.

[0241]

A quantiﬁcatidn and/or identification method of an organism to be
detected in accordance with the present invention is applicable to daily life
water examinations, food examinations, septicemia examinations, drug

15  sensitivity tests, and the like. Basically, the method is applicable to any other
samples which should be sterile and are related to infection. For example, it
is thought that examinations of the cerebrospinal fluid, the amniotic fluid
(intrauterine infection), and the like, have high social contribution, and the
rapidity of this systém (results are determined within two hours) is particularly

20 useful.

[0242]

Furthermore, wide range of practical use is possible not only in
examinations in the field related to human, but also in examinations in the
field of veterinarian, for example, infection of domestic animals, or

25 examinations in an organism experiment environment, for example,

contamination in cell culture solutions.
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Claims

[Claim 1]

A thermostable DNA polymerase preparation, wherein:

(1) the thermostable DNA polymerase has contamination with 10 fg or
less of bacterially-derived nucleic acid other than a gene encoding the
thermostable DNA polymerase based on 1 unit of the thermostable DNA
polymerase, and

(2) no amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are
performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other than
the gene encoding the thermostable DNA polymerase.

[Claim 2]

A production method for a thermostable DNA polymerase preparation,
comprising the steps of:

(1) culturing transformant eukaryotic cells carrying a gene encoding the
thermostable DNA polymerase,

(2) obtaining an extract containing the thermostable DNA polymerase
from the cultured transformant eukaryotic cells, followed by subjecting the
extract to heat treatment, or

subjecting the cultured transformant eukaryotic cells to heat treatment,
followed by obtaining an extract containing the thermostable DNA polymerase
from the heat-treated transformant cells,

wherein the preparation is that in which:

(i) the thermostable DNA polymerase has contamination with 10 fg or
less of bacterially-derived nucleic acid other than the gene encoding the
thermostable DNA polymerase based on 1 unit of the thermostable DNA
polymerase, and

(i) no amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are
performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other than
the gene encoding the thermostable DNA polymerase.
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[Claim 3]
The production method according to claim 2, wherein the heat treatment
is performed at a temperature of 50°C or more.

[Claim 4]

The production method according to claim 2 or 3, wherein the gene
encoding the thermostable DNA polymerase used for the transformation is
derived from a thermophilic bacterium or a hyperthermophilic bacterium.

[Claim 5]

The production method according to any of claims 2 to 4, wherein the
gene encoding the thermostable DNA polymerase comprises DNA consisting of
the base sequence of SEQ NO: 1.

[Claim 6]

The production method according to any of claims 2 to 5, wherein the
eukaryotic cells are selected from the group consisting of fungi, plant cells,
insect cells, and animal cells.

[Claim 7]

A thermostable DNA polymerase preparation comprising the extract
obtained by the production method according to any of claims 2 to 6 or a purified
preparation thereof.

[Claim 8]

A detection method for a subject organism to be detected in a sample,
comprising:

(1) an amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers for amplifying an
intended gene specific for the subject organism to be detected, and a
thermostable DNA polymerase preparation; and

(2) a detection step of detecting an amplification product of the intended
gene in amplification products in the amplification step,

wherein the thermostable DNA polymerase preparation is a
thermostable DNA polymerase preparation, wherein:

(b-1) the thermostable DNA polymerase has contamination with 10 fg or
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less of bacterially-derived nucleic acid other than a gene encoding the
thermostable DNA polymerase based on 1 unit of the thermostable DNA
polymerase, and

(b-2) no amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are
performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other than
the gene encoding the thermostable DNA polymerase.

[Claim 9]

The detection method according to claim 8, wherein the amplification
products of the amplification step are quantified in the detection step and the
subject organism to be detected in the sample is quantified from the
quantification results obtained.

[Claim 10]

A quantification and/or identification method for a subject organism to be
detected in a sample, comprising:

(1) a first amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers, (B) and (M), for
amplifying an intended gene specific for the subject organism to be detected,
and a thermostable DNA polymerase preparation,

(2) a first quantification and/or identification step of analyzing a
combination of melting temperatures (Tm values) of a plurality of (3 to 10)
amplification products in the first amplification step based on a combination of
melting temperatures (Tm values) specific for amplification products of the
intended gene to perform the quantification and/or identification of the subject
organism to be detected in the sample,

(3) a second amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers, (F), for amplifying
an intended gene specific for the subject organism to be detected, and a
thermostable DNA polymerase preparation produced using a bacterium as a
host, and

(4) a second quantification and/or identification step of analyzing a
combination of melting temperatures (Tm values) of a plurality of (3 to 10)
amplification products in the second amplification step based on a combination
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of melting temperatures (Tm values) specific for amplification products of the
intended gene to quantify the amplification products in the first quantification
and/or identification step of quantifying and/or identifying the subject organism to
be detected and the second amplification step to perform the quantification
and/or identification of the subject organism to be detected in the sample from
the quantification results obtained,

wherein the primers (B), (F), and (M) are:

(B) a universal primer set capable of amplifying a plurality of regions of a
gene of a bacterium and primers containing all or 1/3 or more of each of the base
sequences of the primers,

(F) a universal primer set capable of amplifying a plurality of regions of a
gene of a fungus and primers containing all or 1/3 or more of each of the base
sequences of the primers, and

(M) a primer set specifically amplifying an antibiotic resistance gene
reflecting an epidemic of the time such as a mec A gene exhibiting methicillin
resistance

wherein the thermostable DNA polymerase preparation in the first
amplification step is a thermostable DNA polymerase preparation, wherein:

(b-1) the thermostable DNA polymerase has contamination with 10 fg or
less of bacterially-derived nucleic acid other than a gene encoding the
thermostable DNA polymerase based on 1 unit of the thermostable DNA
polymerase, and

(b-2) no amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are
performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other than
the gene encoding the thermostable DNA polymerase.

[Claim 11]

A quantification and/or identification method for a subject organism to be
detected in a sample, comprising:

(1) a first amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers, (B), for amplifying
an intended gene specific for the subject organism to be detected, and a
thermostable DNA polymerase preparation,

(2) a first quantification and/or identification step of analyzing a
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combination of melting temperatures (Tm values) of a plurality of (3 to 10)
amplification products in the first amplification step based on a combination of
melting temperatures (Tm values) specific for amplification products of the
intended gene to perform the quantification and/or identification of the subject
organism to be detected in the sample,

(3) a second amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers, (F), for amplifying
an intended gene specific for the subject organism to be detected, and a
thermostable DNA polymerase preparation produced using a bacterium as a
host,

(4) a second quantification and/or identification step of analyzing a
combination of melting temperatures (Tm values) of a plurality of (3 to 10)
amplification products in the second amplification step based on a combination
of melting temperatures (Tm values) specific for amplification products of the
intended gene to quantify the amplification products in the first quantification
and/or identification step of quantifying and/or identifying the subject organism to
be detected and the second amplification step to perform the quantification
and/or identification of the subject organism to be detected in the sample from
the quantification results obtained,

(5) a third amplification step of performing a nucleic acid amplification
reaction using nucleic acid prepared from the sample, primers, (M), for
amplifying an intended gene specific for the subject organism to be detected,
and a thermostable DNA polymerase preparation, and

(6) a third quantification and/or identification step of analyzing melting
temperatures (Tm values) of amplification products in the third amplification step
based on melting temperatures (Tm values) specific for amplification products of
the intended gene to perform the quantification and/or identification of the
subject organism to be detected in the sample,

wherein the primers (B), (F), and (M) are:

(B) a universal primer set capable of amplifying a plurality of regions of a
gene of a bacterium and primers containing all or 1/3 or more of each of the base
sequences of the primers,

(F) a universal primer set capable of amplifying a plurality of regions of a
gene of a fungus and primers containing all or 1/3 or more of each of the base
sequences of the primers, and

(M) a primer set specifically amplifying an antibiotic resistance gene
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reflecting an epidemic of the time such as a mec A gene exhibiting methicillin
resistance

wherein the thermostable DNA polymerase preparations in the first and
third amplification steps are a thermostable DNA polymerase preparation,
wherein:

(b-1) the thermostable DNA polymerase has contamination with 10 fg or
less of bacterially-derived nucleic acid other than a gene encoding the
thermostable DNA polymerase based on 1 unit of the thermostable DNA
polymerase, and

(b-2) no amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are
performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other than
the gene encoding the thermostable DNA polymerase.

[Claim 12]

The quantification and/or identification method according to claim 10 or
11, wherein amplification regions of the bacterial 16S rRNA genes are 3 to 10
regions.

[Claim 13]

The quantification and/or identification method according to claim 10 or
11, wherein amplification regions of the fungal 18S rRNA genes are 3 to 10
regions.

[Claim 14]

The quantification and/or identification method according to any of
claims 10 to 13, further comprising the step of correcting the measurement
errors of the Tm values of the amplification products by using a constant
concentration of DNA of a standard strain of Escherichia coli as a template for a
standard control to measure a standard Tm value each time using any one of a
universal primer set capable of amplifying a plurality of regions of a gene of a
bacterium and a primer set containing all or part of each of the base sequences
of the primers.

[Claim 15]
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The quantification and/or identification method according to any of
claims 10 to 14, wherein the combination of melting temperatures (Tm""* to
Tm"Y: N = 3 to 10) of the amplification products based on the amplification
regions are analyzed on the basis of the combination of melting temperatures
(Tm>! to Tm™": n = 3 to 10) specific for the subject organism to be detected to
guantify and/or identify the subject organism to be detected.

[Claim 16]

The quantification and/or identification method according to claim 15,
further comprising the step of minimizing the influence of the measurement
errors by identifying the subject organism to be detected using not only
combinations of the Tm values but also combinations of differences between the
Tm values for an algorithm for identifying the organism.

[Claim 17]

A set for quantifying and/or identifying a subject organism to be detected
contained in a sample, comprising a thermostable DNA polymerase preparation
for amplifying nucleic acid prepared from the sample and primers for amplifying
an intended gene specific for the subject organism to be detected,

wherein the thermostable DNA polymerase preparation is a
thermostable DNA polymerase preparation, wherein:

(b-1) the thermostable DNA polymerase has contamination with 10 fg or
less of bacterially-derived nucleic acid other than a gene encoding the
thermostable DNA polymerase based on 1 unit of the thermostable DNA
polymerase, and

(b-2) no amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are
performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other than
the gene encoding the thermostable DNA polymerase.

[Claim 18]

A set for quantifying and/or identifying a subject organism to be detected
contained in a sample, comprising:

a thermostable DNA polymerase preparation for amplifying nucleic acid
prepared from the sample, wherein:
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(b-1) the thermostable DNA polym erase has contamination with 10 fg or
less of bacterially-derived nucleic acid other than a gene encoding the
thermostable DNA polymerase based on 1 unit of the thermostable DNA
polymerase, and

(b-2) no amplification products of the bacterially-derived nucleic acid are
detected even when 32 cycles or more of gene amplification reaction are
performed in the preparation under conditions containing no template using
primers capable of amplifying only the bacterially-derived nucleic acid other than
the gene encoding the thermostable DNA polymerase,

a thermostable DNA polymerase preparation for amplifying nucleic acid
prepared from the sample, produced using bacterial cells as a host, and

primers for amplifying an intended gene specific for the subject organism
to be detected.

[Claim 19]

The set according to claim 18, wherein the primers are the following
primers (B), (F) and (M):

(B) a universal primer set capable of amplifying a plurality of regions of a
gene of a bacterium and primers containing all or 1/3 or more of each of the base
sequences of the primers,

(F) a universal primer set capable of amplifying a plurality of regions of a
gene of a fungus and primers containing all or 1/3 or more of each of the base
sequences of the primers, and

(M) a primer set specifically amplifying an antibiotic resistance gene
reflecting an epidemic of the time such as a mec A gene exhibiting methicillin
resistance.
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