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The advantages  of this invention are achisved by using cartain dyss which exhilit a measurable
difference in signal when bound to a double-stranded DNA molecule, as opposed to when they are bound
fo the corresponding single-stranded template. We have found a number of dyes which exhibit such
changes. These changes can be used o monitor the rate of ysneration of double-stranded DNA from the

50 corresponding single-stranded template, and accerdingly quami'ta:ion of DNA polymerase activity. The rate
of change of signal resulting from dye binding to double-stranded molecules is correlated to polymerase
concentration quantitatively using a series of graphical or analytical steps, or combinations thereof, which
are described in detail below. Such steps have riot heretofore been used in combination with the dyes
described hersin for quantitative DNA polymerase determinations.

55 FIG. 1A is a graphical plot of relative change in fluorescence versus time at three different concentra-
tions of DNA polymerase. These data are described in more detail in Example 1 below.

FIG. 1B is a graphical plot of rate of change in fluorescence over time versus DNA polymerase
concentration {units/ml). These data are described in more detail in Example 1 below.
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In‘the practice of this invention, generally the priners are entirely
" single-stranded. ‘But there are prinmers known in the art which have a
- single-stranded region which is &Rje4#8HE233 a doubl e-stranded region. Such
~prinmers can al so be used if desired. The exact S|ze of the primer will vary

-.dependi n% the length,and 20 ‘¢ | ate, reaction
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M genw@almaametebuattat)anamdsnkmMerrmt) hods for their use. Naturally

- occurring Prefenablysthe seskybdfils invantiontis cermipgiogialsing upreseant dyee, imudiog bg@btlimitédioch as

restri ctbiemm=zioigeviey ehidigme methigietany acrBifpe dyes. Threbibeyritigiazotyndves arg Ruaferreds Useful
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a ‘medi unThatvhatdnials sarg@reppragrialelylpaddagadddty at we) fipldeafed baigity, afet ol eab¥ effhendiil. y, a
mol ar 40 Exigmgesectivith )is detemibed withkomebettanveitien isithf f mredisibndevingt 4 covgriaroe of
- speci f i clegrthamt0. &ragisiomisghknopm stafsticah parameTendn disgnsitici dnd glinidalcassaysl dor measuring
t ri phes plearpesivlilye Cetadance ifdemnionly sldingd as equshisuthe staeded devietiondaiufor & mgmianiolit i on
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can be. gr e C%?H' ‘t?tt %d ,tht ng si na ras IS rese ﬁ ey, ho er
__exar’rpls Ejsi sPem e sé) %ve oh‘%ﬁ tso mer ese ? or?esskt e |£§ rt w bj [ he
ot her re3geats’ ﬂ%lé%t ofmd ﬁmseq gk T s | G dﬁ ned

~ bel ow)  cgR, Bisiidr dticle SoJ SRR al%roh@.‘ied ano%wsS' tancously w th t
m % pg of tne reagents wth the test specinmen. The dye can be added aII at

once, .oreqashdR@ni 4 portions over a tine period. There may be sone advant ages
in sensifrvity achi eved by m xi ng test speci nen and dye prior to contact

W th the ot elbodiniedl gaerinatidiioeAgn &Bp B of hé@etdlytss tawiedionesd fovowd1 al i quot s of
a reacti onsepiBufis cawie@@oyyi Si Ng t he testispeci men and the other reagents,

sel ect ed at) gemeraig scutviesrirom rthee colaiimetrid Lor |ﬂmgommm:\/a§gfels omith gimet fare edcel rop It imovro

~ doubl es st reslyohedscDilyitisshand generating ta@m‘avhelt\emre'h@ p@yInarasg @ttivishofHiges e cperimen,
“initiated.aadnce all reagents (includingthe dye) have been m xed with the

t est specMPrbﬂeas‘tfH@ theeslogp ©f 985N BYeIoNPPE indRaReE *1* AR i dherpvider RofYim@spee 16R5HeN ng
to doubl e-"@et SnEtrciSW LolnpsPe Y A'E?é'r}atﬁ‘g'é""t' '%aicb‘t'?df'te @h&h@’ééesh?egﬂe" t he
resul t of RONPY Wﬁet?%"'tyé‘ac‘f”f‘?'ﬁh's"tnﬁé"’?ratt"é’ chan e s nonitor
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col or &5 o HAE SpeSifren. Ofhe (o mﬁestueavés ataa H e détamtn and aa, eo BEL of
the el ectyiQuRERELd fon® RRGE A WletehfiRed AR r& oftrt;h%t.mﬁnu kRCkpedhasHa €

“thereof, is then a rreasure of the activity of polynerase in the test

speci nen. The correlation of rate of change of the neasured signal and the

pol ymerase activity is described in nore detail below As one skilled in
.the art would readily understand, thi & invention coul d




- 5 neasure the activity of a mxture of polynerases in the specinen, but
the individual activities of the polynerases would not be detectable.
-Suitabl e equi pment exists for neasiEPia4ix42s Bxhange in detectabl e signal,
“including fluoronmeters and spectrophot oneters. Suitable equipnent for
fluor escenée nmeasur enents are avail abl e iconmercially as LS- 2B or LS-5B

“fl uor onet erkr n El rrer 10 Dyes whi ch can be used in the
practice of trns S| 'g'e "bﬁte |ther co or| rretrr c dyes '(éatgggqsﬂe
“providing

“dye §_/( V\QI Cﬁa)rﬁdu po%?ég' L'tll;b dﬁ\ aﬁ?ﬁ%‘yus an T brag operatlo é‘é ge %EP Pf t)g?]cugﬁf g%qel('ﬂed in
‘wavel engt h) NéFe% gtrf@ %gyoup v ven [ oh is carried out using

fl uorescent (gyRferating Cu ﬂrg'n cJHﬂFne it 3} 1'ﬂl‘.rzbqlorrte‘t)r nBIS e qr}ngqgro ach of“\ltfa ‘ﬂ% .
met hi di um artﬁlyﬁ%éedécﬂﬁregyﬁa gerlending h RfAE! dUhe L‘ % s@faa.v.@r& e’ ot Spec Mf]u'
.15 fluorescamt dyes are selected fromt: he gr oup consisting o
2- [ 2- ((41dhy dragysabieiny thp -shpd ensatitudazgehddtedin (8 -above at time t* to provide polymerase reaction
met hyl - 4- pi paesa@lyfbr) daeniionn galyntdrae tactiviny Al aoe B balymdilde raa6iioh Gt € BF B B8t specimen
met hi di um brolrinerese gotivitp Ad iwbere tiisany diegn tietehi di um br omi de and
4, 6" -di am di plep B2 shearrigH ionido regresFing efdhrmmlymeipee riate G} fyessratddsit Bit sversps the pespéotiver €d
cas it exhi'@PY’SPO&'WSﬁmﬁ!imPﬁvsiﬂgtﬁgwtim idi ng to doubl e-stranded DNA. The
“anmount & dye used in the assay will vary depending on the type and~ -
strength of signal it will 20 Srow He'AerA ot mdng to DNA, and ot her
factors known to one skrIIed |n the art. GeneraIIy, It |s present in an

anmount  of at“’1°§§[ 31°P°° ?{'gg 'ela Eyfaﬂ" la 1 ar. The assay can
be garrjed o P GG RP PUSY PR R %?&t?"?'@%“g"é’ﬁt”g %f’n‘i‘f"?%f:e?qdaﬂqgahﬁ'b@'br ned
from separate sources, but advant ageously, they are supplied as part of a
di agnostic test kit. Crip®ical, c nt t’ch a kit,3 nclude a

sui tabl e dye, a singl ehggraﬁéed bﬁaggqﬂwﬁxt Z'rr%ﬁa? ?pr fﬂer'%rbl y, M 13 phage
“'DNA),- a 25 polynerase netal cofactor, a DNA prinmer conplenentary to the

- tenpl at & andttdmes fopa) deoxyri bonucl eosi de triphosphates. Qther materials,
.such as buffers, containers and instructions can also be included in the
~kit. The I"Elﬂtt@drm&rhtﬁ) can be appropriately packaged (dry or wet) for needed
_stability, safety and ease of handling. Polynerase activity (err) is

- determ ned whtfhrthehempedimenhtof ithis éwnition cai bé peectizee by sd oethbdy\comgising Gl Solldwangc €
of 1 ess%t Fanpeneaf skpeQbtining thesralgs kihwgeniorsis actoswplished mptheneatiealle rathontheli- graphisaliyt | C
“and cl i ni Galin EBRodiments ArangrBMere pregificlly:r epr oduci bility. Covariance is
~‘commonl y def Ft%ﬁ”é?scag Era‘l'tb!’o the standard deviation (a) for a nunber of '
“replicate g} e dm: atart%f RS ffnayn Rofymoerages ativityt Ay erd (a5 the prkpe by
- 100% The sR%Y'P"é s6 aﬁtlé’ t 3??@?\3‘8 egfaRlo Wpiiciontst peBI ) assay, indicating
~the hi ghly quantitative nature of the assay. The nethod of this invention

' can_be carried out using nmbegiof ¢ aphr c b er b @cal functions
~which correlate the det e%?lgye srggnal S&Obt ai éa A thé(agaéctr on to the
-actyyity of any DNA polynerase 35 present in the test specinen. If no

- Si gnal s4«Can whteifl @l RplesditsCthe BAorRRLY R idHénduR RINBSEY givdraiRRl @hé Xnowh%%%g'gse
test speci madtivitysa, e bikav@iholymefass/iay Al, SAGE) 10 BRI CIObNERBA ARG oRERDE Bleriicidits, | €
one ski | | ed (b) rking e dimb duvvaiivel ofosguatioh @11) tdobkiinethd 1B ab@adiiyieigguamhavn to find a
+.nunber of ways to carried out the quantiitative determnination, we have
- consi dered four specific enbodi ne ts |ch are outlined as folloms 40
Enbodi ment A1 In this enbodrygnt r mi=natifon of; A>2C|1Q; step B of the
~method is carried out as follows ate Il) id carried dut by (a) generating
“curves fromthe colorimetric or f1uorofetric signals with tinme for each of

the known 45 _ pol ynerase activities, and generating a simlar curve for
~the pol ynerd 5?@"’%18??"9‘[‘% §"°6’f’3“t°f?é‘ ?1e'§‘t "a§'be'&’i”ﬁ€ﬂ¥‘““a'r‘t?6 ety frethe e?qffwgnt%éveep dse
' of each’ cur ' ti t* to rovr de rnerase
“reaction nc%'g k"(')r% 8;; t‘éf’é&‘"ie n 'ﬁ’grbf "' "‘IrS‘S‘I' S’)r?é’rao?se
e e s °"‘ Rl gwatss &tﬁ%%) phtre Flpton

:.'S any gl V R/e é eduhsBp 82%

- [err] dgterm nc |bn of the known polynerase activities
[err] to generate a calrbratron curve, and step BS) is carried out by
;prOjectrng the test specinen rate [err] generated in step Bl) off t he

- calibration curve generated in step B2) to determne Ax. Thus, in this
enbodi ment, one uses the-detectable signals generated fromthe formati on of
: a doubl e- 55 .stranded DNA nol ecule to provide graphical plots of activity
~versus tine for the known sanpl es as well as the test specinmen. The sl opes
'of these curves at a given tine are determned and plotted to provide a
ccalibration curve fromwhich Ax is determned at the rate of reaction of
the test specinen.



.6 EP'0 443 823 Bl Enbodiment B: This enbodiment is 1ike Enbodiment A in
. step Bl), but steps B2) and B3) involve mathematical manipul ations using

' standard cal cul us and al gebrai c ofeP#483 82%B1 Thus, the slopes of the curves
'generated in Bl) are mani pul ated mathenatical ly, rather than graphically,
.to obtai e specifically, step Bl) is carried out by (a) generating
;.curves %mé&( 4VPE,OI orinetric or fluoronetric signals with time for each of

:_t he- known pé?ill XWevaﬁ& Srrag%& he fs’sen?mven enr}r?cliu oS dtﬂ%ﬁﬁ})wmg (rl}ﬁhewgtggr Vq%wf@gt{onsé sl o.pe

- pol ymer ase gdpta1Yis i ect men,

of €3ch CURY Ro@BSHR B SMndl s ! o e
Yeaction I’g}]/ ﬁgrﬁ}?&m{y%%& s &?‘a&gﬁg‘/& o)?géh Hégi gqub&Qse ch\\/Ytb o\ alpcp oY U8 ur[ragr}ogrsme
~reaction rate [err] for the test speC| men pol yrrerase actl vity Ax where t

~i's any given-tine, step B2 is carried out by regressing each polyrrerase
rate [err] generated in Bl) versus the. respe.ct,,l ve kn.own pé)l ynmerase activity
-[err] "asi ng equation (IKEITD [erSri] + + ck (t ) (1) to-obtain
“the coefficients [err]and step B3) is carrle:&j out by2u5| ng the rate of test
_-speci nmen polyrrerase activity [err] and equation (Il1) 20 [err] 25 to
~sol ve for YWeeinERjeripsertp thecoloringtie eilieromatio dionsb for acliven King tandvepwn palynegase he

- practi ced 1Y% AnghyakevE BRAIPYEP Aefivii 3081% ol 31g C3Gpresentithe rrgmssiin coefiigiants,

- Qot ai df ng  Phaknedpetmederiyaliva ol poa qndliife cbiAtp te st eccardipn orpavatiend\)y rat her t han
s graphically as in Enbodi nents A and B. More specifically: step Bl) is
~carried out by (a) regres nal time datga for each known

- polynmerase activity [err] \@g flot=—Hh néyvn poTy q;g%e activity Ax to

- obt\akp, t he regression coeffici t%t tequatl on (L11) (I1rn)

“[err] 40 - wherein [err] represents thé colorimetric or quororretrlc

“-si gnal f orhéet préink ithBodei@rl O RR WRhRAbWH A Rs@Sdility | A Ynd &Eﬁlllen?P B %‘“
- pol yner as erata et powinforasd sdtivily Aand [err]represent the regréssion coeffrcien

i.(b) taking stehe2tis bRricdedit H)aiebr\é@slr@feaaﬂbﬁ%‘le%e fatd &) geﬁ&at@«pﬁempvérﬁﬁ eTtb&pective
. accor @ ngpovopaynuesdsb activityl Absitgeiaioly (or ovi di ng the coefficient [err] for each
- known polynerase activity [err] the coefficient [err] being the 50 rate
-of polymerase activity [err] &tep, BA)Aitsy6arriAd out by plotting thegrates
- [err] for the known pol ynerase activities determned in Bl) as a function
..0f. the knoe ‘D?rﬁqeg'ﬁ'em%lmwvtvﬁ@'sva[@\dr] to generate a calibration curve,
“and sfep BSPPPI ieaTiadout Ryeing e pateyefdest spagimemioiumstsse sqityiGiend equttion [1pr 1 | |
~generated in step Bl) off the calibration curve generated in step B2) to
..determne Ax. 55 7 ﬁs 0,.%43 823 Bl Enbodi rrent 2D Still qanother way to
- practice the present FheenfrLoR Woc[*udaslahé' flol Agwitng Ygp¥genat i cal
‘_-,__rram pgg ations: step Bl) is carried out by
o to solve for A,. ' '
The mathematical calculations used in the various embodiments described above are standard and can

oo be found in modern algebra and calculus textbooks. Their application to the pressni invention would be
Nt readily. apparent to one skilled in the art in view of the. teaching herein, such person having modest

40 computational skills, or having readily available any of a number of commercial computer programs which

- would perform the nesded computations.

The following examples illustrate the practice of the present invention, but are not meant to be limiting
in any way. All percentages are by weight unless othekwnse noted.

45 Example 1: Assay for DNA Polymeras«-* Using a Blhenzmn dazole Fluorescent Dye and a Synthetic
_ Ollgonucleotlde Template ; o

This example demonstrates the practice of this inventich fur the detection of a DNA polymerase
isolated from Thermus aquaticus using a fluorescent dve

50
Materials:

The fluorometer used was a Perkin-Elmer LS-2 fluorometer with an autosampler. It was set for excitation
of the dye at 366 nm and emission at 474 nm.
56 The fluorescent dye 2-[2-(4-hydroxyphenyl)-6-benzimidazole]-6-(1 ~methyl-4-piperazyl)benzimidazole
trihydrochloride was obtained from CalBiochem. It has a molar extinction coefﬂcvent in water of 4.2 x 10*
_ molar~iem™".



5 " (4) regressing the signal vs. i—t"i?'r:ré"l”_dfat'_;_d‘ for each known pol ynerase
activity Al and for the unknown pol ynerase activity Ax to obtain the

“regression coefficients of equati oEP(01443)823@1. - (ren)

[ ERR] wherein [ERR]represents the colorimetric or fluorometric signal for a
“given time t*and known mer ase act|V|t err; or unknown oI rrerase
“activity [er Pp"?‘%' tdé%a Ey‘é’"r’”é r@%"éeldd i2p4 et ’éhf"é”m')lagd sto 4t Fie
“time deri véts °" Eflé%tfgf‘?? e dy "f°8' 'isr?mf"ﬂ
. ( t 20 prepare using a jution of the

nmary solu lut )y
S rbaan %eadm 38 .nm_and the known molar e |n t|o Pli%.jdgg w% ‘3 t? ﬁ h't:f
lutton. he r |

coel+i cienfo® g o SR ARl by Yo rﬁ;r

[err] béi NGk ewars%;?t o BEH YRGB 13 oy ¥ sy, ee£t6 n st Ff%r%

- by regresséo“ﬁh fuBS raBB & WEL@nifund Bl Qo Ipfolde ﬁl%ﬁ IFhe mk % s\éﬁ{oﬁ% staple at room
respect i Vedperdttle Y alisy®yase activity [err] "using equation [err]

(1) to obtai ind famarelnbbeiMBddolijettidoiddemplate %@Qsaaaueoh&esmakﬁgueshd%& prlais(ared

. using the éatgrimb dnesl ani@eiddNBhthesiey GRigagadat [protbduyes| ke lemplald KRGubAtd s &9 | )
[err] 35 tiolowsl(wigfstnda .abbrbveatioat freta tnu@ddtides 2 bpatth@ usedrtsr ctb@tliohdd ih [teadingrtheOus
~enbodi mentsquesnr | bed above are standard and can be found in nodern al gebra
‘and cal cul us textbooks. Their'application to the present invention would be
‘readily apparent to one Skl Iled in the art in view of the teaching herein,
such pefsson haiER WA tl g0 conmput ational skills, or having readily

avai | abl e any of'-saA0EPercOE TOURRGCCET COUDALEGGO ABABRTGETCh woul d
“performthe negiTACCARCE AXGORCATTOE TACTATTTVACTRTBATECCALUStrate the
_practice of th&GAPRGEGAT NAGETGEATTAUTTEGEGOAGANERTICTCATRA GGAGT-39 .i n any
: Al'| percent ages are by wei ght unless ot herW| se noted. 45 Exanpl e 1:

wayy Al L .
As f
Syt et i Qea&pmqgfgef %ﬁu.mfs%ﬁgﬁg‘g ﬂ'@% SR BT . B nfte

~of this inverhd SHhet Nea hitex m{gsg&e DNA pol ymer ase isolated from

“Ther nus aquaigEgWs NG ngs@ﬁbt@(cﬁﬁﬁmm@f@m Shdbterials: The fluoroneter
used wags arHBgiilhkinstdek BBitioh Sondisiell GOSHRIEE {1 uivdidhind BNTRAL (@ FriddBiat, @176 ninfolatBeabif tin
-for excit ajssgynusdr sbitndye at 366 nm and emission at 474 nm 55 The

fl uorescent die assay. buffer solution consisted of potassium chloride (50 mmolar), - tris(hydroxymethyl)-

. 2-[ 2- (4- hyamigxmethaebuor-(6 romolai pH 8l3)zoagabsibn ¢hloridee(! IBymmolaryzing gelain 0.91e@Nzi M dazo
1 e trihydrochl dintioddufidorahe BNA@dlyineress iSiddRl foerh Enermyst aduaticusastvain] Fr1 @xdilabices on
- coef f i cPentTqth 254 fromf the Ameticdnefyde Feituger [Cellecton, SlockvillPMayiandl @nststed] ofA tris-
“primary dy@vdpygprthdiaminemeshtane hufies (25, mmelar. iphl 8le PawEiva cPhiRedec s %énlm?ﬂﬁ)‘ FPIFtina (0P
“stored in %948 d%iF‘ch%ﬁ‘“K‘a Qb ({1 jmolaply "‘P%‘d%el N2 droionic gurfagtant |( ‘?)oi““du'B”ePb 620
“nont hs i n ToAPec BEsPBMAAEN . A secondary dye stock sol ution was prepared
“using a_1:50 dilution of the primary stock solution. This second sol ution

“was- cal Pbr ‘usi ng an absorbance reading at 338 nm and the known nol ar
cextinction cogf b el ent wonloled'@e h mﬁaze%% U b Qor ms L@Jn o Bl FiReP

'1.45 at %%g Ejon ‘%\t FZEEP batQI L ﬁgth "qs i % by d“ﬁ was
S0l 4ti on. BP-sR J:é RO hd ik M‘ﬁﬁe mp oly}rﬁbr%s g b g/ éw‘uteé s

day of Up €10 lelHﬂné&rQJe@Ge&%MIr’e&&iodé@ﬁxtmﬁé d kept in a 50 ni ftube.
~wrapped in alumnumfoil to protect it from I [ ght Th| s working solution is

stab:e at rogmdtelrrperat ulnybfodlahthe?st BNAa!’ol"y'hQralw&t he®inal DNA o and
si ngl e-stranded ol i gonucl eo npl ate wa c eot ength an
‘was. prepared 10 and purlflgaggﬂ gn aut onat 38?[ gr‘@ esi ze?%ﬁ'?n“% sst andar d
pr ocedures. TMMW&MJQMAL_MM

1 855 45 20 units/ml
2 889 ' 11 4.9 units/ml
3 900 1 0.49 units/ml

50

A unit of DNA polymerase corresponds to the amount of enzyme which can incorporate 10 mmoles of
total nucleotides into an acid-precipitable product using activated DNA as a template in 30 seconds at
70°C, in a solution comprising potassium chloride: (50 mmolar), risthydromethyl)aminomethane buffer (10

56 mmolar, pH 8.3) magnesium chloride (1.5 mmolar) and dNTPs (0.75 mmolar total).

Each reaction mixture (100 wl) was put into separate tubes and stored at 0°C. The extension reactions
were then initiated by removing the reaction mixture samples from. ice and placing them in a water bath
heated to 60°C. At selected time intervals (0, 3, 6, g and 12 minutes), duplicate tubes containing reaction

9



. fol | ows (using standard abbreviations for the nucl eotides, spacing used for

...conveni ence in reading the sequence): 15 SEQ ID NO 1:

.. selecte

- 5' - AACCTCTGGG TCCAAGCCGT GGCCAGCERQ 448:82ABEGTT- GATACCAACC TGCACATTCT
" TACT. ATTTTA TTTAATCCCA GGATTGGGAT AGGTGGATTA TTTGTGCAGA CTTCT CCT CA :
- -GGAGT- 3 t Iacg’e st_gg& sol ut| on consi sted of the te

g iy Ah pojymerase conpanratigns were S gy, i

Lol ol %‘% fat

- I D,NO 2: RalPidt F e & ﬁ‘oeklon
O e a@m@? by "{ﬁn Kol

9. (!

f”ﬁ%‘f’a' %‘ﬁ‘zﬁé‘ PR °8|"‘1"B e & & seQ
: ;
) "CON %t qgor@ ceIR:re'vQ@Jst elhn$e l!%ub
- each) i n agRAlkalidbitsd in$1E lﬁ\'wgﬁe &d f?ﬁlﬁi@)éc %th§ SHidgQudiiGIS! St ed Of
. potassium chloride (50 nmmolar), tr| s(hydroxymet hyl )- am nonet hane buf fer
(10 mmol ar, pH 8. 3) magnesi um chl oride (1.5 nmolar) and gelatin (0.01%. A
-~ dilution buffer for the DNA pol ynerase i sol ated flr%m Ther nus aquati cus
~straim YT-1 (available as 38" AT 2%, 164 tf r am C&ﬂfe Aneri can Type Culture
Col l ection, Rockville, Mryland) consisted of tris-
~ (hydr oxynet hyl ) am nonet hane buffer (25 mmol ar, pH 8), potassium chloride
» (50 ol withthe regultsprpvided 500e fotlowin /Teblg:[ er r | ner capt oet hanol (1 mmol ar),
- Nonidet[err] NP-40 nonionic surfact ant (0.5% and Tween[err] 20 nonionic
_surfattant (0.5%. 35 Assay:. ?F ndlterrpl ate were hybridi zed by
©'m Xxi ng the tenpl ate stock solutio ??;(%q'[e‘?r]) an%hpri mer stock sol ution
© (700 [err]) and incubating at 42 f ours : t{hg m xture of
. hyhri di zed produc ; B & t(y/nﬂ)h ¢ $ } wi th the DNA
- pokynprase (4 units/fierr], dilutedgg 0.4 units/[err]) apgording 40 to
" followi ng procedure t,0 form reacti %ns m Xt ur es: HybI‘I£ tion DNA

: 10k

- Pol yner ase Fi nal M xture Sol ut i

.. Pol ymer ase 45 3 Tube 20 Volune [err] 2&i%nme [err] _
- Concentration 1 xf 255 o1atil 45 ' 20
Cuni tskm 2 885 relative fluorescexlufe 49

~units/m 3 900 ' 1 0. 49
~units/ m 50hefnitiatirdtesoC') DA tiwml plotied asers Polynesgecattidios, Gas tshavndmBien ti B.OfhessndyaTe

- which cathat indier Goweare i 010 regssedoesis pohimataseiantilitest(hasoriing to tanfollowing equation

- ack-d--pr eehig reerbents hesdisdine indilGigBhct i vated DNA as a tenplate in 30 seconds
cat 708[err] C, in a solution conprising potassiumchloride (50 nmol ar),
TS ( hydr onet hyl ) am nomet hane buffer (10 55 nmolar, pH 8.3) magnesium
“‘chloride (1.5 mmol ar) and @NTPs (Q. 7 ar ,to Each reaction m xture
- (100 [err]) was put into sgéarat eqﬂu%emﬁd stotf{%dp)zat O [err] C. The
-'-_;-_;.-exten ion reactions were then initiated by renoving the reaction mxture
~.sanpl es in a water bath heated to 60 C. At

' dJ({lé?@etheCB'o grﬁre%%f‘&gﬁ.a rg g and 12 mnutes), duplicate tubes

; -eontaining reaction 9 EP O 443 823_ B M xture (100 [err]) having

- di fferent DNA pol ynerase concentr g} mp@awgre taken fromthe water bath and
. placegy in ice (O[err] C. From eac] 4 uwagest hree separate aliquots (25
“Terr]) were mixed with the dye solution (1 m) and the rel ative

- 1 uor escenagamaampieas wited theTneedigely blossetihg tduetin colbbsusad ® deleaiine heafdu 1A
- as a gr apipbigmdrasel it te3f sdvipie it ewn gfca knowi elzprhatie @atd ond bauldr cessidiena eatevefr1S Wianii)he

- time forUsigiiG. dBiteis tagsstogespbnds rea pdiyweesel rdnferaiot oDDidut B@luyitsentas e

. concet r at Alpmelivelihihis deme redéiyias be obtiined R standzasthemgica sgledrtibns #nd sikdng the

" accordi rfg"ovvtljgFﬂl@ﬂqﬂdvrlpe\!ﬁcw@v)equat| on: 10! [err]
A, = =Y~ Y2 4(Y)(Tn — €1)
% AN ST 27 g 1

50

2Y2

wherein for a Gt of 15 f/min-(initial rate), A is determinsd to be about 8.8 units/ml.

- 55 This example shows that DNA polymerase concentrations can be effectively determined using the
“method of the present invention and the bibenzimidazole fluorescent dye described herein. This deétermina-
tion can be carried out using either a plotted calibration curve, or standard mathematical calcutations.
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_wththeresults prowdedlnthefollowlng Table: 15 TABL E | [err] 20
-1 0.5 . 1.48. 2 5
9. 45 3 ' 20 - EP 0 443 823 B1 24.5 *f = relative
fluorescence 25 The initial rates (C) were then plotted versus :pol ynerase

_____act|V|t|eZ%(§as shown in FIG 1B, These data (that the [err]) were in
~turn regr mmm&wm&&ﬁ@—m%tothe _
“fal'l owi ng eqyat i on '

yielding't aed e B b BT ﬁégj‘f'"a*"'a'e{t°°°u"f%9?1f$°”°“5‘l%ﬁ el e 1
err] =-0.0394 As an exanpl e as

'.'to how the,w;t diately preceeding equatlon could be used to determne the .
- anmount of ‘p'oﬁerase in atest sanple in view of a known enzymatic rate,

~one -coul d comgl fliBlomaiel Go& wa a etk EiniGr 03-2 fltirdor Fhieh was Rodifedit® hdn@ie 8ample that

" correspondgerd fadedP QltohiEREMS QiR ACRIMIA Elme MURESaRIPRE LTS - lbw Uddh tahd the whiag in the
Al ternaio Vlipmerit RbiS aoliMEmI ¢ Seikton. Taplicie reallitgdiwamakds attgersgomnmaimd. mat hemat i cal
~cal cul ati onsTiaye Sallitieh wgs irbyareki @b besediag inctxarapie n for Ax (activity): [err]
[ err] wher ei. Tiheftemplate pised who$indlebstrrciM 18mpDMBYC 8H7-8rabtaipyd frofn Cetusd@rmer mi ned t o be
~about 8. 8 unihesgrimer hagFhe followilidn inecleetidarspduence liwsing stahdatd tRAdentificatine): ase
sconcentrati ofEQHBNOBe FCECEEGEHGC GEERPARGREICERAG-%ig t he met hod of the

“pr esent 15 nvehtd RMeRtPneipfErepatipnERixiuiei caaprispethe fallfingscent  dye descr i bed herein.
“Thi s det er i Rpert(0-ef kerglar. amelalp {13rmalan DU§IH‘? mé'af"né?'at%f’ ‘P’B T é%l_l’ﬁﬂét@oon

| Al inpsapeve). MIF 48 B wich ey
(z:”rlisa;’rftr| ;%f%&mﬁ% fpdel e o g iy gl &}"a o of) P-s

aminome! o r, h
exaqpl e, 4 S "I'é?( cep’P 4 Rar df alf"es(')"&:ﬁr"lr'ﬂeg b age
“used as” a pl ate. A nurrber of other m, nor changes were al so nade.
.Materials: fluoroneter used was a Perkin El mer LS-2 fluoroneter which

~was nodi fi edtied phadtdbd mgﬁleews.baﬁybwea b@RAAFENAING OdFRPlsC @bl Vi, UB0 Nendler RBRKI N
“El mer - Ml tdiphosghBtb& were Hafodith B réaBtich nbiile 111, fidkig iNinkIINTA GonkSht@lbHioPRNolef @l d
“about 1M 750E. AlotékiiaBive, s hduition aittR> dNTRGIiMGed R reacliGhK TR tethipeRRedwaRGhalhairied at
ti me. The Tye feol2ubingds. ABlepee pased, 23, UE I ¢ rahd eZimindtefyXalinikse(150 L[ R€o Fetipddat e
"used was sandghdedsd viale dvhivh h3drpéah TERXED ISR -a8oriod nbdune (@ ° Cr Dmu@eh tis @mtign. ThHddye
primer hadsotube (i oil bbseiutiep weoteihiend:i de/mdega elaced if glessrupes tiherndldrepcimsselution (10 )
| dent i f i cawascdyed BEUe Whag(YeR vortepd HOEEIBGEOGNL recoanGItTicalasm i@ns (Bbout 1 miiThe
Cpriner @xtweamsiplsged e Hrerompier ythis E'G?Pﬂld"ﬁs% cariedf @t | ab\iireRy diffprieftn@pgnegium don.
[err] nol ar‘)°"°°["@ﬁ'1'ﬁ’rsa‘f @eg’fgwﬁﬁ’m‘”&?ﬁ T) Berase i solated from Ther nmus
~aquati cus 2 {he fiapults pryshowyy ig the prapbical plgis of HS R anRicrR gt fluprRpepice i’s"j Yhpo[herSloges
each) whi ctpagiiop ralgghpl dhepe,Qves Y8 Oﬁgbﬁb Va4l Ben jonean ’a" o FIG- |3n'"(°i° data
/), po of ety iR Britera grropigt m%ﬂ"?s'”"éPP@'r"’é RedfPsisrt 'i"i‘? fopi9%etic acid (1
ol ar) tll-_:yllﬁs ¥3d rA§'>)sx ?Etﬁ%' l)o%!mmf?n gngaBSengw;\ azole grg' Ethidium qgrdmlgel_ﬁg(}res%gnq Dyes
Tomp

magnesi umé;‘ GioHE at 20

\/ This example illustrates the use of two different dyes in the method of this invention.
40 '
Materials:

The fluorometer used was a Perkin Elmer LS-5B, equipped with a Perkin Elmer Multi-Sampler. The
fluorometer was set at an excitation of 342 nm and emission of 474 nm for the bibenzimidazole, and at an
45  excitation of 312 nm and emission of 580 nm for athidium bromide
Assay reagents were prepared or obiained as clss\,rlhed in Cxample 1, sxcept that the DNA polymerase
conceniration was 25 units/mil. :
The primer had the following sequence
SEQID No 4. B-GAGCCACCAC CGGAACCGCC T"CCTCAGA“‘ CCGCCACCCT-3".

Assay:

Each dye solution was put into separate sets of test tubes and evaluated separately. -
The primer and template were hybridized as described in Example 1. The tubes containing 100 ul of
" &6 reaction mixture were stored at 0°C. Primer extension reactions were then initiated by removing the
reaction mixtures from the low temperature environment and placing them into water maintained at 60°C.
At selected times (4, 4.5, 5, 13, 13.5 and 14 minutes), tubes were taken from the water bath and placed in
ice (0°C). From each tube, three separate aliquots (25 wl) were mixed with each dye solution ( 1 mi)
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.. concentrati on V\B.S

. Aséay: The primer and tenplate were hybridized, after which the dNTP's (60
“[err] 100 mmol ar total triphosphates) were added to the reaction mxture (1
m, yielding a final dNTP concentBPal 443823fB16 nmol ar) at 25 75 [err] C As

- noted above, this addition of the dNTP' s initiated the reaction. The
‘tenperature was nmintained at 75 C for 12 minutes. At selected tines (1, 2,

43, 10, 1%erapAEly £9d e relplivediporesepncq mppaured 15& [err]) were rem)ved and added to
vials whi cﬁh‘hﬁﬂ""ﬁé @es fsts g seq'"i 'ﬁfhslTs'?' ROy yireele dhet yhiteghekisnzigidpagle s
react i onTORPRESHYPa SREHD O 'i Sgip! i P RIPFYSA OSBRI H‘?"ng 0.1 [err]/n) was,

- pl a\ceq; in glass tubes, the coI d reacm Lt ]) was added and

" the tubes were vortexedthoroughlyt P ms. Triplicate - '
~sol utions (afdme XminutEsher e ] ie uorkbkidiumiBrenpdecedure

“was carried out atg three different nagggesi umion concent{fpions in the

. reaction mixture (8, 10 and 13 nmol ar The results are shown in the

- graphisgal plots of4 I5I G 2 as plots _o_fg:ﬁ uor escence ver suk8gi me. The sl opes
~(reaction rates) ¢f these curves weresgdien plotted versugggagnesi umion
~concentration in Kkl G 3. These data |<¥]ceijcate-that a8 m‘% r concentration
of magnesi umi onlgﬁves the fastest rat® of reaction. 35 npl e 3: Assay
~for DNA Pol ynerade.3ing Bi benzi ni dazbl2 and Et hi di um Br23@de Fl uor escent

- Dyes a&nhd ML3 Phagg, DNA Tenpl ate This gyganple illustratesy i?e use of two
different dyes in the nethod of this invention. 40 Materia The ;
“fluoroneter used was a Perkin Elnmer LS-5B, equipped with a Perkin El ner

'_ I\/UIti-Sa | er: The quororreter vvas set,at an eXC|tat|on of 342 nm and

f emps:aoon Plgsr % andl i Pe S E ‘ g Tw ¥ an 45 excitation of 312
nm and em |on of 280, nm,£.95 gl hi d4 blrng%dg AS'?W e Nt g Iene B plepared
or obt ai ese e am Ies vmllau Exa ce% xceptp ?gh ‘ﬁa %ﬁi te r%%easne .
. %?gunl te/ e The primer. had the follow ng sequence SEQ ID
- No 41 SyafisCCACCAC CCGAACCGCC TCCCTCAGAG COGCCACCCT-3' . 50 Assay: Each

. dye sgj utTonm was put into separate sets of test tubes and eval uated

- separ at el y thd h@rdaickeiEedond 4 PN Bkfdr VEEE fltydaetdd kRSl was measarth Badiel ampsanpl e
1. The t uhegers @adeai dotom@tich®Ousingld Porkii Elbder IMRAICIaMPIBr. The Hidi Eslivent @heStulinge i thd O
-Co Pri neec}utpmﬁtmshlge'?om e at bfi solntionyRipizate epdihgs Were mkeeglit éhlysh pMMm:g the reaction
- m xtures f Toeyelselutonwas prapeeedoes deerilgad\n Bamperit and pl aci ng them i nto water

~ mai nt ai ned The teBPlaE, usgt wascdinglotstsehdtNI H3mp18( ayallalie From Interiagionall BioGchapiebisdIngr (Nent es) |
tubes wehH#en, Srenecticploeataldgef 7{@dller bat h and placed in ice I§1err) From each
tube, théEeé”'% hﬁdéh‘?aﬂg!'cmgj‘ét" '02‘1‘?1:9@{9%% (“Wrs%af‘?ﬁ“k%eﬂa'tt icaliegh dye sol ution
(1) CEiB 43 SESAGEGAGEA "EqT@ %‘F&Pﬁ%"qqqlé’r escence

~neasur ed. ?"§;'° fea‘ftﬁ% Tabl e bel gw. Thea/
‘indicdte ﬁﬁ er( o aﬁg

|0| aky
_ brom de iam‘:;lta Jslgng oiymeth& amiwome%?\%aémﬁe%f mbrﬁel %P;,g)n aﬁ?}sﬁm‘ﬁm @ ( m%gf;g :

: Fluorescenc

Et Ri_di umny, om de 4 599
172 4.5 L 632 182 10 5

663 The primer and template were]lﬁgridazad, after which the dNTP's and DNA polymeras@ Wére added to
227 13. Sthe reaction mixture. An sharp increase in tSdpbrature (from 0°C to 75 ° C) was used to initidtd thelréaction.
. 930 The temperature was maintained a 253 CE¥rai@ifes Aat 3616k tda. timoe 1908.6(1 40 €d.5 an 1@ fminutes),
Pol ymer agliguaC{iBy itl) yerelterdoved Siahgaldeébsto vials which had bosn precooled in a brine mixture (0°C) to
' 45 quench the reaction. The dye solution {1 m! of soiution containing 0.1 ng/ml) was placed in glass tubses, the
cold reaction solution (10 Ll) was added and the tybes were vortexed thuroughly to mix the solutions.
Triplicate solutions {about 1 ml) were placed in the:fluorometsr. This procedurs was carriad out at five
different DNA polymerase concentrations (0. 5, 7.5, 15 and 25 unils/ml) in the reaction mixturs.
_ The results are shown in the graphicai plots of FIG. 4 as piuis ot fluorescence versus time at various
50 polymerase concentrations. The slopes of thess gurves were then bplotled versus DMA polymerase
concentration as a calibration curve in FIG. 5. The slopes of the piots were calculated by linear regression
according to Equation (1). The regression coefficients (C') are listed in the following Table I
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- 20 These exanples are sinilar to Exanple 1 except M 13 phage DNA was used
~as a tenplate and a nunber of other changes were nade. Materials: 25. The
.. fluoroneter used was a Perkin ElneEP 084382F Bluor oneter which was nodified to
- handl e sanples that were | oaded automatically using a Perkin El nmer
Milti-Sanpler. The flow cell and the tubing in the equipnment held about 1

S m of solution. Triplicate readi hgg \helnelt enIé[t each point in time. The

r__'-'-__:dye solution was prepared as descrjbed i ke templ ate
was singl e-strand M.3np18 5.1/ ‘F /‘PBo(m | nt e&ma?géﬂép ¥

x &-’éch ol ogi es, Inc. (New Haven, Co nectl cut, catal og £242) The pri nmer
'_--;had the foll owm ng nucl'eoti de sequence (using st andard Ba identification):

~SEQ 1D NO 5: - GAGRCACCAC CGGAACCRCC TCCCTCAGAG CCGG:CAZICCT-S' The primer .
.. extension reactl on mxf ure conpri seg\w&;e fol'l owi ng: 35g primer (0.07
~.[err]nolar), tenplate (16 nnol ar) pol yner ase i sol at e from Ther nus

“"aquati cus (having acti%ities stated-bel ow), dNTPs (0.58p@8l ar of each),’
“‘gel'atin (1 ng/m ), ethylenedian netpgraacetic acid (1ligmgkar),
. tris(hydroxynet hyl ) am-nonmet hane buffer (10 nmol-ar, pH 8) and magnesium -
~chloride (6 nmlar). Assay: 40 The primer and terrpl ate were hybridi zed,
- after which the dNTP's and BEA pol yedridieendlacackseekrioe t he reaction
~mxture® An sharp increase in tenperature (fromO e[rr] Cto 75 [err] C)
" 'Was used to initiate the reaction. The tenperature was rral nta i ned
~for 14 mi \ggen tmse g\évlalé'e %Her? f9gEesse ggau@?t gue kQPwn Stw sa% g’% W’on (lll) the
‘.aliquots E"T ié?gF I;\A@‘P el ORlYiP i b AEserding 19 §"°Wf \:ﬁhen fRgression
- preco 0l pefel SRt ur e [err] to 45 quench the reaction. The dye
..sol ut| on (1 m of sol ution containing Qolgferr]/m) was placed in glass
- tubes, the cold reaction solution (10 Le+p] was added and the tubes were _
;‘_vortexed thoroughly to mx the sol yf EQ@§138Iﬁd plicate solutions (about 1 nl) .
“were placed in the fluorometer. This p;gq)edure was carried out at five _
. differest DNA pol ynerase concentrations: '(0, 5, 7.5, 15, and 25 units/m) in
“'the reacti onnariisxt ure. The results are shown in the graphical plots of FIG
:-4.as .pl ot.s of fluorescence versus tine at various so polynerase -
..concentrations. The sl opes of cahe@emcuo\mswmeeamn Pl otted versus DNA
- pol ymerase concentration as a calibration curve in FIG 5. The sl opes of
r:t'he "pl o¥s Teforeoeing eqvationedn by inveriae iy qure-gﬁeéewlnawn &tenbpan rvgtwn“es fgftam kngnn (o5
The regredladolewsificients (C) are listed in the following Table Il: 55
12" EP 0 443 823 BlTABLE i [err](Unlts/rﬂ)

Sfimin)* 5 1

0L 21 2) S Ay = 0 7905~ %0.7902 - 4(0.0138&_(@2—30.261)'

}._._:7_ 5 3 _ 5. 60 10 4 . 15
.8.32 5 25 2(0.0138) 11.55 *f = relative

- fluorescence 15 Wen these initial rates were regressed agai nst the known

Cachiaities (fyo diferdnP S chrRaifiitla Wi afnbdrts of DINAG ol b QWA alsER G Rk ing to
. coef fi Cjo€ieSsalfB lpfoctiitPidagbod hbodé: (b Ghide Wk dertinadell @6m (Htdrhational BiStodHAbIGGNY Ml
T egr essi oneampib 4 RbriddScoiiorRiaMObyodatig #19020) A secott ivblel(Blamblis 5P was9recombinant
S form of the enzyme commercially available from Cetus Corp. Graphical plots of the resulting fluorescence
versus time are shown in FIG. 6.
Relative fluorescence readings for Examples ‘4 and 5 were regressed versus tims, Ieadlng to the
45 following two equations:
' Example 4: f = 140 + 9.11t {t = time)
. Example 5: f = 187 + 9.86t (t = time)
The initial rates were computed using Equation (Il'\ as follows:
Example 4: (g{;. -0 =Ct =9.11 (f/min.)
50 Example 5: (@) ;.o = Ci1=9.86 {f/min.) ;
These two rates were then projected graphically off the calibration curve (FIG. 5), as shown on FIGS. 7
and 8, respectively for examples 4 and 5. The estimated DNA polymerase concentrations for each sample
were: 15 units/ml! for Example 4 and 17.6 units/ml for Example 5.
55 When the rates (9.11 and 9.86 f/min. for Examples 4 and 5, respectively) were mserted into the terms of
Equation (1V), the following results were obtained:
Example 4. about 15.3 units/mi, and
Example 5:  about 17.5 units/mi.
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..72°=-0.0138 and [err] =0, 25 that is G = 0.261 + 0.790A-0.0138[err] 30
. The foregoing equation can be inverted to permt determ nati on of unknown
“activities Ax fromknown rates (@&PrQ443s828@1 ows: [err] 2(0.0138) Two
-.different sanples containing unknown anobunts of DNA'pol ynerase were al so
tested according to 40 the sane procedure descri bed above. One sanpl e was
- purchased frroraststceresRendovrl o dhase cbinesl tRp e cal"?'i%'m G%(ﬂﬁ -)-4Thesegeamples ed

. COMME Ci %ﬂ"?"?s"lﬂ thal palinewn- conentaypns %Dg'é@eme@ ¢ sing) they pethed of this

_ reconbi NGOt Y “f'Pﬂaa %ﬁ'i'%'?‘f?é Seteiincide it R A éi‘faf %FBF"@ & SRR 92y p.
G aptii ca{E E‘l tss of 3 orescence versus time are shown in FIG
6. Rel®at 2 : atfpr-es 4 and 5 were regressed

- versus i Moy rQed 016 p 5: Pl h@éa 9%, F 140
e e e
i hi |n| )
9. 11 / HidMhadrotett SN e mBaoured ob rﬁi«ié{r ved 086 ws/pmcauu)e m;%”eésee riviees ot

- then' pr oj aikve Ghogy éaalmeeaé b/ teobd in £ Givénadne) bt M8 dgsl kil MmbAstremants cahSbeSkSIAN ON
- FILGS. 7 wid thdre is @6p @obhtdEbrhighe prezisdia Sinpthgaid hdndiing RBore 3k imfirhiesl. DNA

. pol ynerase concentrations for each sanple were: 15 units/nm -for Exanple-4-- - - -

~and 17. 6Mammiatss/ nl for Exanple 5. 55 Wien the rates (9.11 and 9. 86 _
f/mnisfor Exanples 4 and 5, respectively) were inserted into the terns of

Equati on (% templpie v kicaig- ﬁgnqeewppymbage obipined freeiB! (Mew Hpew Gonnecticyhout 15.3

“units/m, é[h%l"‘ES@é‘i?p | dye selution Hed wes gt showarin Examile 1- 13 EP0443823B1 The
resuI ts % 0 i B?ﬂﬂasﬁ/é’l‘?‘" f°c")°“f"|‘1€?s"&°ﬁ“'gé5;t:é‘P'hé‘lf‘arf\eﬁyrﬁW'PRas%‘é‘l‘ Aigyaip |(Q9rf"'c%'?ﬁ/|5‘(’) Fl G
hes

pol yrré"r alm %, "é% L%grfg w&;@é §G§ “5,\3534%33\68 ° SEEHET by

using a €al et W nxsa o N el d&gﬁnﬁ bR Lo ?,&To.ar oH

exper i megg) %ﬁ, ol Siah & rem xed Hl ourescent

- Dye This exarrpl e |f ustrat es the practi ce of t he present +invention wherein

.the flhyopggeent dye was mixed with the tenpl ate and ot her. pol yner.i zati on

" reagents™prior to contact with the DNA pol ynerase to be detected. The -

- pol ynmer ase Ted AdorestdnBBcl Htiok@0d NP Wad Mixéd RreEe Bdlyrhdibe AAGH Fob&lion Rfaget bdliied s Of

DNA pol y@er ag.ethe ksultiad ehixkturdl @6LHI8RB LN 8 1LGHRI fRiord@ster MBEHY niiur€ dad bdidGleY a0V er

“time. ThéxCprocedure has sone advantages in that it allows nore sanpl es to

be test ed Reactiorgwasdnitigtednisy, addingl ansolutionchf ®NS pylyebraseedeoiated frem tTherowas adyetioos

~ Thus t heldentifiesl apgyecinFosarapie i1hit vidaus ongerivetions G5 davings2Ssunivgtli hep & la!rmwmai'ﬂﬁ i ng

errors atnits/ ang 94 aichaving;.25 gnits/ia)- Flygespﬁ@ewvewpgpred WQ@CEPQYWSESWPWH@@& M 3

. -DNA phag@"%t inese dlor fugipsqopge chaagp wias, abservesh il &t P?;‘IE!P  solufipie (FUffgfopniis denPNAy e

- s0l ut | onPYENSERSRs Ehey esHiting [aia,es Aloftsd-gsshewm in FiG, 9. gﬁ'&ﬂ r'aé%sew%%a‘?‘ﬂnef’é’&&‘ttl“bn

- reagent B‘TWYf“'i "(B'I’(ei?fg%lgrf@&mpﬂﬁ?h"ﬁés ﬂtn?rgl R ¢ 03t ip E1G 10 Gog comsiafonof

sol uti on B 5¢fal r2ps 3nd SNA PSMARTR aghvity (3N bs segn ropdtiesR 9tm chil or i de (36 [err],

100 [err]rml ar), tenplate (37.9 [err], 0.25 20 [err]molar), prinmer (1.9

[eng}), dNTPs (100 [err]nolar each, 12 [err]) and water (149 [err]). The

- primer, had the sequence: SEQ ID NO 6: 5' - GAGCCACCAC CGGAACCGECC TCCCTCAGAG
CCGCCACCCT- 3

°_1

50

55
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. The buffer sol ution noted above contai ned tris(hydroxynet hyl ) am nonet hane
.buffer (10 mmolar, pH 8.3), magnesiumchloride (1.5 mol ar). and gel atin
(0.01%. 25 Assay The quorescenEPQ¢@3§§3§!ion (300 [err]) was mixed with
- the pol ymerase chain reaction reagent solution (297 [err]). The resulting
-~ mxture was placed in a LS-5B quoroneter after the m xture was
.equilibrated at 62[err] C 30 g@\g NCEN 1w ivg tiated by adding a .
solution of DNA polynerase (isolated frém Thernus aquaticus as identified
- abagve in Exanple 1) at various concentrations (3.75 [err] having 25
; unﬁté/[grr]l 88 [err] having 12.5 SEQtED[®e0r]ahd 0.94 [err] having 6. 25

units/[err]). Fluorescence was ne é%h concentration
~at various times. No quorescence%ﬁﬁg é@égfggéepegéfgfghsg Cont r ol
solution (buffer only, no DNA pol yRQEERGE LERGTRsul 1Zhgbaaea was plotted

.as shown.in FIG 9. The initial raBsaNGESNESEai n @mthe 35 graphical -
curves of FIG 9 by graphical nea?%renent and’ plgg?%% as shown in FIG 10..
"Good correlation of the initial rak QRO DAL DNALBR®YFerase activity can be
‘seen fromthese data. 40 46 50 55 M@iECUEAR OT¥FS: 98ém §EQJE§IC§CRI STING 5
"SEQ ID NO 1 SEQUENCE TYPE: Nucl ses
STRANDEDNESS: Singl e 10 TOPOLOGY: fyﬁééghiiiiﬁﬁﬁﬁé? ?% g?@ for PCR

| MVEDI APE SOURCE: Synthetically prepepzred - - AACCTCTGGG TCCAAGCCGT'
- GECCAGCGGEC AGACATGGIT- GATACCAACC TGCACATTCT TACTATTTTA TTTAATCCCA- 20
GGATTGGGAT AGGTGGATTA TTTGTGCAGA CTTCTCCTCA GGAGT-3'. SEQID NO 2 25

'SEQUENCE TYPE: 3 MﬁﬂQ&iG?EQQS c§¢$C&%£%%§e&G&ﬁﬁmﬁﬁEINEss Singl e
TORQLOGY: Llneﬁﬁﬁggggﬂﬁ_ E;ﬂ HA TTTAATCCCA—
| MVEDI ATE SOUREEATSHGGRY iACHT &W%ﬁ) ¥$F%ﬁcﬁﬁﬁxﬁ%i&iﬁ&iﬁén€§6€§réAA 3 35
. SEQ I D NO 3 SEQUENCE TYPE: ' Nucl eotide SEQUENCE LENGTH. 24 bases 40
"STRANDEDNESS:  Si ngl e TOPOLOGY: Li near MOLECULAR TYPE: PCR pri mer

SEQ ID NO: 2

25 SEQUENCE TYPE: Nucleotide
SEQUENCE LENGTH: 23 bases
STRANDEDNESS: Single '
TOPOLOGY: Linear

- MOLECULAR TYPE: PCR primer

% : IMMEDIATE SOURCE: Synthetically

prepared

5'—-CTCCTGAGGA GAAGTCTGCA CAA-3!

35

SEQ ID NO: 3
Do : - SEQUENCE TYPE: Nucleotide
N | SEQUENCE LENGTH: 24 bases
@ - STRANDEDNESS: Single
: TOPOLOGY: Linear
MOLECULAR TYPE: PCR primer
IMMEDIATE SOURCE: Synthetically
prepared _
5'—CCCGGGCGEC GCCGCAGCGE CGGG-3!

45
50
55
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I MVEDI ATE SOURCE: Synthetically prepared 45 5' - CCCGEECGEC GCCGCAGCGG

- GGG 3" 50 55 15 EP O 443 823 Bl SEQ ID NO 4 SEQUENCE TYPE:

- Nucl eoti de SEQUENCE LENGTE: 40 ERUe#®138RBANDEDNESS: Singl e TOPOLOGY:

“ Li near MOLECULAR TYPE: PCR primer | MVEDI ATE SOURCE:  Synthetically

- prepared 10 - GAGCCACCAC CGGAACCGCC TCOCTCAGAG COGOCACCCT- 3

..SEQ 1D NO 5: SEQJENCE TYPE: N ephi.
- :SEQJENCE LENGTE: 40 Dbases S ESI ryg}cqug?geOGY Li near
MOLECULAR TYPE: PCR priner | MVEDg Eﬂﬁ@JmG-ﬁ/nt het ibaglelky 20

j._’prepar5ed 5' - GAGCCACCAC CGGAACCGCETRANYEIMEYE: CAEMgAEGCCT-3' 25
SEQ I°PD NO 6: SEQUENCE TYPE: NworPeboGle SEQ.E\iCE LENGTH: 40 bases

" 'STRANDEDNESS: Si ngl e TOPOLOGY: LMﬁb&GMEaR;ER PE\NDEI‘J-%R primer | MVEDI ATE

5.-._::~‘..SOJRCE Synt hetical ly prepared 51 D] heticetivAGAG
“*CGCGCCACCCT-3' 35. Clains 1. A nePR8BaFef the guantitative determ nation of

oen b et S SRl R AU ARG oo ERBRARE R o ne e T 15

- Ax, a single-stranded DNA tenplate which is present in a concentration of
at |east 10-[err] nol ar nucleotlggg 18 FOAspriner conplementary to the
.-si ngl e-stranded tenpl ate, 45 SEQUENCEaTEP¥: paludRicAs@enetal ion
~cofactor, sufficient deoxyri bonugGEQUENCE LENGI®Spha) @mste@ generate a
- doubl e- stranged DNA nol ecul e fr oSTRANDEDNBS®: stSingded DNA tenplate in the
..presence of the DNA pol ynerase, AQBOROE®L orkimeai c or fluorescent dye

whi ch, when bound to the doubl eMOLEGHEAR Eﬁﬂf(ﬁ%@ﬁ%ﬁthe
. singl e- st r anded DNA, exhibits a %E%Egéﬁgﬁ e assvrﬁﬁﬁ(}'slé:&ltlé’ when the dye

~i-s -bodhd to the
51'—GAGCCACCAC CGGAACCGCC TCCCTCAGAG CCGCCACCCT-3!

2 SEQ ID WO 6:
SEQUENCE TYPE: Nucleotide
SEQUENCE LENGTH: 40 bases
STRANDEDNESS: Single
TOPOLOGY Linear
MOLECULAR TYPE: PCR primer
IMMEDIATE SOURCE: Synthet1cally
prepared

5'-GAGCCACCAC CGGAACCGCC TCCCTCAGAG CCGCCACCCT-3!

30

35 .

Claims
N 1. A method for the quantitative determination of DNA polymerase activity, comprising:

40 A. bringing into contact:
_an aqueous test specimen believed to contam a DNA polymerase having activity A,
a single-stranded DNA template which is present in a concentration of at least 10™% molar

nucleotides, '

a DNA primer complementary to the single-stranded template,

45 a DNA polymerase metal ion cofactor, '

sufficient deoxyribonucleoside tiphospliates to genciais a double-stranaed DIVA molecule from
the single-siranded DNA tempiate in the preseiice of the DNA polymerase, and
a colorimetric or fluorescent dye which, when bound i the double-stranided DNA formed from
the single-stranded DNA, exhibits a change in signal zs upposed to when the dye iz bound to the
50 single-stranded DNA template, and
: B. determining, with a precision having a covauance of iess than 10%, the actwuty A, of the DNA
polymerase in the test specimen corresponding to the rate of colorimetric or flucrometric signal
generated by the binding of the dye to the double-stranded DNA formed by the action of the test
specimen DNA polymerase,
55 the DNA polymerase activity A, being determlned as follows:
1) generating DNA polymerase rates of reaction from the colorimetric or fluorometric signals
generated over time by each of a series of samples containing DNA polymerase having known
polymerase activities, Aq, Az;...A...A, wherein n is the number of samples evaluated and is at

16



50 singl e-stranded DNA tenplate, and B. determning,  Wth a

preci sion having a covariance of |less than 10% the activit “ ml‘m‘“l
pol ymerase in the test specimen EDPA388h8BiIng to the rate OH‘ “n “

or fluoronetric signal generated by the binding of the dye to tle *

doubl e-stranded DNA fornmed by the action of the test speC|nen DNA

pol ynerase, 55 t he DN EQAIyn#r:ase& activity Ax being determ ned

as follows: 1) generati ng DNA pdEEBQIENGRE TidtEes dlcleatiden fromthe
colorinetric or fluoronetric si rEQEE dENGId :ovép basesby each of a

serigs of sanples containing DNA® MHSS haﬁﬂﬁglknomn pol yner ase
activities, [err] wherein nis t e n§& | es evaluated and is at 16
EP O 443 823 Bl SEQ ID NO S @cP%RFE ff ENCE LENGTH:
40 bases STRANDEDNESS: Single 8- yn ca
TOPOLOGY:  Li near MOLECULAR TYPE ?d‘-i Brimer | MVEDI ATE SOURCE:

Synthetical |y prepacedat@ac cGGAACCGCC PCcEACAEACERE (EAam@laeC TCCCTCAGAG
CCGCCACCCT-3'. SEQ I D NO 5: SEQUENCE TYPE: Nucl eotide 15

SEQUENCE LENGTH: 40 bases STRANDEDNESS: Single TOPOLOGY: Li near
MOLECULAR TYPE: PCR prinmer | MMEDBJUTEITS®IRGE: Synt hetically 20

prepared 5' - GAGCCACCAC CGGAACCCEEQMENCECATRE : cCliacheccide’

SEQ ID NO 6: SEQUENCE TYPE: : %é@‘é@ENCEOLEm 40 bases
STRANDEDNESS: Si ngl e TOPOLOGY: Single

MOLECULAR TYPE: PCR primer | ME lnéﬁgkaetu ally prepar ed
5' - GAGCCACCAC CGGAACCGCC TCCCT Eﬂ A net hod for
the ‘guantitative detern1nat|on(§Ié§Q§gm)ynerasé a tIVI y, c rising:. 40
A. bringing into contact: an agueous test specinen believed to contain a
DNA pol yner ase haveAGCOAECAC tGCERACCETI IMIOETTAGAGBAEAGDBACCEMpB at e which is
present in a concentration of at |east 10-8 nol ar nucl eotides, a DNA priner
conplenentary to the single-stranded tenplate, a DNA pol ynerase netal ion
cofaeétor, sufficient deoxyribon 3 éég;agiphoiehates to generate a

) cleotide
doubl e-stranged DNA nol ecule fr QUENCE LENGTH: 40 bases

STRANDEDNESS: Single
TOPOLOGY: Linear

._1

30 _ MOLECULAR TYPE: PCR primer
IMMEDIATE SOURCE: Synthetically
prepared

5'~GAGCCACCAC CGGAACCGCC TCCCTCAGAG CCGCCACCCT-3'!

35
Claims

1. A method for the quantitative determination of DNA polymerase activity, comprising:
40 A. bringing into contact:
an aqueous test specimen believed to contam a DNA polymerase having activity Ax,
a single-stranded DNA template which is present in a concentration of at least 10~ molar
nucleotides,
a DNA primer complementary to the single-stranded torplate,
45 a DNA polymerase metal ion cofactor, .
sufficient deoxyribonucleoside triphospiiates 0 genciaie a double-stranoed DiNA molecule from
the single-siranded DNA template in the pres=nce of the DNA polymerase, and
a colorimetric or fluorescent dye which, when bound w the double-stranded DNA formed from
the single-stranded DNA, exhibits a change in signal 25 upposed to when the dye is bound to the
50 single-stranded DNA template, and '
B. determining, with a precision having a covariance of iess than 10%, the activity A, of the DNA
polymerase in the test specimen corresponding to the rate of colorimetric or fluorometric signal
generated by the binding of the dye to the double-stranded DNA formed by the action of the test
specimen DNA polymerase,
55 the DNA polymerase activity A, being determined as follows:
1) generating DNA polymerase rates of reaction from the colorimetric or fluorometric signals
generated over time by sach of a series of samples containing DNA polymerase having known
polymerase activities, A1, Az...A...A, wherein n is the number of samples evaluated and is at
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the Si ngl e-stranded DNA tenplate in the presence of the DNA rrerase and
a colorinetric or fluorescent dye which, when bound to the M ,mﬂmﬁm'eﬂcm,
DNA fornmed fromthe single-st rande(ﬁmqamrmbi ts a change '
‘opposed to when the dye is bound to the 50 - single-stran ded* '
templ ate, and B. det erm W|th a precision having a covariance of Iess
than 10% the ac ‘E’? W%?ge’aﬁen“t fRectiee dpmsihe coledmetric or
correspondi ng to, uf’dﬁme '%rf'%"a qle;?:'ﬁt% pye ef‘ff 1o5h SRRt ri C_Si gnal generated
by the binding o L FEEORIRR UEa, 0P &%t éﬁﬁlehla"ﬂ‘{lﬁ B¥HBYA BYveiee getviten

Ft tsest IC c |ont o) nd the [ et s
geterﬁ‘l ngz a:pfa)gpda % ngh @F;?i?ﬁtg éﬂl%t %yﬁe(ﬂ};se rdﬁggag rllggﬁ" rg%f\x%ﬁ‘ ﬁsgm

‘the colorinmetric or fl uoronetrl c signal s generated over tine by each of a -
‘series of Zampb AEEDBRINREAHIENA WielyTEr ase havi ng known pol yner ase _
activities, [ersadpigiseamedoutBythe nunber of sanples evaluated and is at 16
EP 0 44% 823 Bi) bereratilg cund frofBtid dolABdtrid WWuoramlicISEHak Hith BBe idd 2adiNf the known
pol yner ase r at BN&bolyreaasi 2olvits, and géieradid) © imiE tlive 10D thel DNOpdNMREdsh Gctivitydstdhe
~gener at ed over tettispesicienoandt he t est specinen, 2) determining a calibration
‘using the rate® mﬁassmmﬂhelalopawﬁeatcheurkmmaw (chbyverk st &cirovite IDNAoly@Blage
‘and 5 reactipn yates §i for pasty kmwn DHA molyméresecalivithAiand oRN bolpterese Pactivn catd e

“ DNA pol ¥rer aseff @&E?F‘i Berimen RVAyfolymetase ecttity dp esbprerkiis ang givatimanret hod as ¢l ai med -
inclaimil Whersé‘fip 2! i 5@ '9%2 by Hlofing He sglesostdelgymingy in B1) as a(funptiqesth the AndwndPNA
“curves from PN aerar Fti" ?‘? gegpralp @ GRfleestien uve @Y gnal s with time for each of

t he known r'sa§%"' ?‘1t Y (PrEsting g PP fRe &1 gPeratedyin step\RY) ot thet he
_ DNA.,poI %’Bgc 1|c\l/"|w?9e St?pgszfﬁ ‘%E@Wand (b) nmeasuring the slope

-of each CLg_ve at time t* to provide DNA pol ynerase
reaction rat egegfeée,}ﬁgﬁf%%ﬂzgd{é T?W&S‘B’\IA pol ymerase activity [err] and a DNA
pol ymer ase r eagf eabraindtc@nbLirdnl thé Rolorimetric dr Aliorbririct Sonbis WRF bVt the K own

pol ymerase actDNA bilynisfase WBRitiSs, land Gerdialingd Ml clri or b HNATolynlerasé ut
by plotsi ng t hestispdci@n[atr] determ nedngl in Bl)r as a function 8?8 ﬁé“("fé’ i

DNA pol ymer as e(bpobaswringitressiopb of exc) e g’théatad Bad)iabéva tat @b €18 pYSide BRA p%lﬁnﬁa'aé%?’)
“is carried outretpjiorpiates GLtoi eagh krioan DNS pol@eass BEINIY Q] 4 BRA pol@RnRs Aaéiidn kb St ep
Bl) off the calflithe stisoerircanDNA rylymenaset stivity Ay, 9hap t* B2y pigendiaiepr m ne Ax. 20 3
The nethod as cteRi Beelel chrredcoub bynrebressing esct DNA trolsmBase e G yendraeti 0 E) taysub ae
gener at¥ng cfERASEvetpeym QNAolymewss aetivity iAcusing efilatir®met ri ¢ signals with tine
. for each of the known DNA pol ynerase activities, and generating a simlar

curve for the DNA pol ynerase alt |‘VT°t’§/7tff+tYHe DA test specinen, dhd.
. (b) measur i ng tbgmu? 05'? .0f each c%{{ enerated in ’(-]a) above at time t* to
A SR Yoyt P anddest gpepifipn BHA RolNPRITHR 2eily Biong Auatiose

- provi de,DNA i
' act|V|ty [erﬁ‘f and a DNA pol yner ase reactlon rate [err] for the test
' speC| men DNA pol ymer ase activity Ax, where t' is_any given tineg, step B2 is
- carried out by regr gach DNA poI ynmerase rate [erg] generateg in Bl)
vehsdis the 30 @ect te Khowho DNA pal Yherhs& acliyity [¥5rP Using
~equatio@ (1) [err] (I') to obtain the
coef ficient stofsewd for gnd test speci men DNA pol ynerase activity [err] and
. equation 35 (11) (I1) [ ERR]
4. The method as claimed in claim 1 wherein:
step B1} is carried out by
45 (a) regressing the signal vs. time data fot each kngowin DNA polymerase activii v Ay and for the
‘unknown DNA polymerase activity A, to ob t:un the regression coefficients of equaiion (Ill)

. i .i if, %}
. (r1m)  s* = c5 o+ cyt s Cz(t)

wherein S' represents the colorimetric or fluorometric signal for a given time t* and known DNA
polymerase actlwty Ay, or unknown DNA polymerase activity A,, and
- G§ , C} and G} represent the regression coefficients,
55
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.40to solve for .Ax 4. The nethod as claimed in clarml V\/nerern st e '
‘carried out by 45 (a) regressi ng the signal vs. tm”“i“
known DNA pol ynerase activity [erF} 0443823B1t he unknown

activity Ax to obtain the regression coefficients of equatr on (I I I)

[ERR] 50 wher rrl r sents the tric or quororretrrc si gnal
-_-t[or !a gi ven t(re)lrr%“"% °ang R {Pva? ﬁ\‘fﬂ”aﬁ'gf Vﬁrg °§(’ ”5 REPFPISANAIY ypion fkhown %NA

- pol yrrerase activity Ax, and [ rr represent the regression coefficients, 55
| tre

17 C L Ki ng tlhe ting gderivati ves of
'equ?t/rg)n (I'l'1) to-obtain the rate a&m dimgCho teq@@zkton (1V) [err] thereby :
_providing the coefficient [err] for €h known DNA pol ynerase activity
“[err] the coefficient [err] being the rate of DNA polynerase activity A,
10 St elprdBg Jprdviding el doiEciet T} 1Y edth GhdvnhA Py erss §ct|[n?yr Kh] thJ Qr{efflt:rgﬂ Ck nown
DNA pol yner as:em@mbrrazo6ﬂmmnd@tn%§aaaﬁwiym Bl1) as a function of known DNA
. poI ynmere ase . ac steny BR)iiesanjediony byt piottlg ke ir@idscC) dor Qe unb/vnam"AOﬁblyméfa\d@actraﬁHé dotoiheB3)
i.s carried ioBt) dsy functignet the lepwh IPSA pelghersPecivienA tageperk larchlivglioreduio cad by st ep
- Bl) of f the c&®p 5dhisi wried vp\iy geindinatiedtest sprednam B2)Cltgnalaiéd byrstae BAXoff h 5.
“The “met hod - 4Pration pypesenerateq injsiep B2\ipdetermine Ast ep B1) is carried out by (a)
regressing.the signal vs. time data for each known DNA pol ymerase activity
CAF and®f 8r TR ﬁ%ﬂﬂ"‘fﬁ\lﬂc mt/rr@r%e activity Ax to obtain the regression
. coeffici ents“%tf’ Ua ?e in err re resente}‘g)gr;gt (ioIAo%{grrfr;trr c or
~fluorometric VIY A PP ase
cactivity [err Iln§gﬁ'%unkﬁ '%Ni B'I y‘dﬁ?b aé'ﬁ%i@???ﬁ'@ﬁ%ﬁﬁ&ﬂ“@l"?f'")represent
thé. regression coefficients, (b) taki ng the tine derivative of equation
(I'l'l')-toobtain the rat ordiing_t o~eguat i on i(V) err:_l, B&4 eby providing
the coefficient [err]fgriggchgknom BNA p%l y(r?rﬂr *I “" [err], the '
scoefficient [err] 35 being the rate of DNA poI yrrerase activity [err]
“step. B2 is canerbieds @aprestits ﬂ@@bﬁﬁﬂtﬁlﬂor&%ﬁr@m%srw YORRI GARR tidtCarldSinbdn DNA
~generased i nphjpereserastiviy A uhi@BWREDRA pdynicheyacility, b ymer ase activity [err]
‘using equati &8 . €l 9nd [Cb replesehlthe eeglstiani coefiiditscoef fi cients [err] and step B3)
Ci's carried o tdkipg theitimg dervetive at euation (1K) 3d.oktaieite meracEiago bausnaye activity
fﬁ[err] and equatron (I'l) 45 [err] to solve for Ax. 50 6. The nethod as
fclaimed in any of clainms 1 to(fvnhe ern nis from2to 5 7. The method as
“claimd in-any of clains 1 to 6 whe 't=he clest spkgctmen is mixed with the
Si ngI e- stranded tenplate, DNA pri t’:of actlor and2 eoxyri bonucl eosi de
= ri phosphates prior to contact with 55 the colorinetric or fluorometric

A thereby providing the coefflcient o} for each kriown DNA: polymerase activity A, the coefficient Ci
35 being the rate of DNA polymerase activity A,,

step B2 is carried out by regressing each DNA polymerase rate C! generated in B1 ) versus the
respective known DNA polymerase activity A; using squation (l)

. S Ct = yo + 71A + 72A% + 42 A3 ' U]
40 ' :
to obtain the coefficients vo,y1,v2, and vs, and

step B3) is carried out by using the rate of test specimen DNA polymerase activity Cf and eduation
m

(IT) C} =75 + ¥y By + T2 A2 + V3 &}

to solve for A,.
50

8. The method as claimed in any of claims 1 o 5 wherein n is from 2 to 5.

7. The method as claimed in any of claims 1 to 6 wherein the test specimen is mixed with the single-
_ stranded template, DNA primer, cofactor and deoxyribonucleoside triphosphates prior to contact with
.65 the colorimetric or fluorometric dye.

8 A test kit useful for the determination of DNA polyrnerase activity, comprising:
the four deoxyribonucleosides, dATP, dCTP, dGTP and dTTR,

18



8 A test kit useful for the determination of DNA pol ynerase activit

_.:____corrprl sing: the four deoxyribonucl eosi des, dATP, dCTP dGTDI mumyﬂ“m"l“l
-EP 0 443 823 B1L *C L M S a SOUEPCRA45r828 Bfet al i on DNA p ﬂ

cofactor, and a DNA pri ner corrpl enentary to a single-stranded ONA " terrpl ate”
--Sui-table for formn s randed . DNA therefrom the kit

Zaounen Bt fapa @s |
B o) s i 0l B, B o

.i___.--bound to the gbj rﬁaéj%'squ VA gfr%w e formed fromthe single-stranded

___teh‘frl ate exhi A%é stnded RPRRdads0 When the dye is bound
L0 The ‘st ngl o- SLiRRAa L T e ) 2t bk dondl 5

~claims C ONMointhe Wingfo-shaed B ft”@&ﬂ%%l f 08d\6pp6seli WA the Mo SRbRALOT - -'
; 110.  The' met htkirafe- sﬁgf@bma“e&‘ﬁéﬁy olf cl ai r?gmlg?{g 7 ?pgr et he det e?tg? on of a

~ DNA pol ynerase obtai ned from Ther nus aquaticus or Thernus t her mophi lus. 15

- 11. Thee net lTaé @S kit ladickitbdi iN ciity 80dd@phsingCd soufde df rhz@nebiudl orlidangh@seion dshie dye

- IS a bi benzicoladazol e, et hi dium nethidiumor acridine fluorescent dye. 12.

The met hod as clainmed in any one of claims | to 7,10 or 11 wherein the dye

2-[ 2- 104-Th@ Method as- claimed in any of claims 1 to 7 for the detectlon of a DNA polymerase obtained from

. hydroxyphen\mhwms muatwmrdhwmethermopﬁ'UMt hyl - 4- pi perazyl ) -benzi m dazol e

© trihydrfochl oride, acridine or- e, nethidium brom de, propidium.i odide,

et hi di um Bt-die d’ée“BF agclaimod 2Ry 8‘?%'5 Gf‘zgheﬁ?/ 171 i J8| whereipghe 'ﬂ?e‘s rAehiprogmigazole, _

“clainmed in “‘B’f "‘(?thiff“ﬁt°’f°’td5‘°*f"°6?s°Tb o 12 wherein the si ngl e- stranded DNA

- tenplate !|2S 'lj\h/Ie Q a|25d J|'n4an Th s C En?dj M § wher in tﬁe

 detect oo B geh Pé aaz%. 1% @y E aey gzt@azaaqm b ét’\i%

-t her m)p?tl | us, ethi

. wherelnthe ye I'S ab en2|m azoIe ethldlum so umor

~‘acridine §4, u%eﬁ;@.sat&s &hBiRod ifk by of BBIMK o RS 1@'1@1Mreinrihé3é%lecbﬂﬁrd@cﬁ DRA RiripBteSs 9,

= 14 -and 15 whenigpHagd.he dye is 2-[2-(4- hydroxyphenyl)

: ‘benzi meglazol e] - 6 (I net hyl - 4- pi per azyl ) benzi m dazol e tri hydrochl oride,

. acridine orangait asetalviediiniceioy 8ot ddor the aqibctlorion 4 DEA @elymerhsei dtalnsd Boo Thelmuor .

= 4", 6'-di amadiaticus2r Pivemys! thardaphitus. 35 17. The kit as clained in any one one of

“.claims 8, 9 and 14 to 16 wherein the single-stranded DNA tenplate is M 13

= phage. 1815 Tihe kityge claimod) incagly ond pfealaima 8, anfl| 1 ovherio diver dyeyea bibenzintidazole, sthidium,

“oquant i pat i venedidien o agadinedioregeent dPNA pol yrrer ase 40 act | VI ty, t he

~.colorimetric or fluorescent dye bein one at

~doubl é-'st F%mT&é&'f BRARIMES Ty ane gholaies 8.9, 18 e’P'ﬁ ‘g ﬁéﬁ 2426(%"‘ wRrenyeo

..when the dy %mﬂ%ﬁ'ﬂght' gv Sk "’éY'é‘Ee}"éthﬁ' ' V '8%‘1?! é‘° % J@LPe 'r"bﬁ‘ﬁ"t"ﬁ'é

“.double.stra &d eeth AR & Bo-gPhe N)é!if' de zur

..guanti tat ot o BB LRI Pl ) M ER, 9 10 1% eweln to angReSAERE B Bhbraefl,

Zusanmenbr | I'ng r W est p Ter genonmen

zdaB si e-ei ne- oI yrrer ase mt siner Aktiviti t A ent ha)t ei nes

eiast r dngiglere QgesofTée%riﬁteﬁié or flidfeskdit B V6! thi QmARAtive AbtbiHhalidANor 3 Mﬁmséw 8

-notar Mkl eQeiif) the colorinelid R MUSEKATTEe bEd16% ERSHIh HEBIESIE! SRABIERRdddIDNEM

ei nst dngi gennold2tiB, exhibits a change in signal, as opposed to when the dys is bound to a single-stranded DNA
molecule derived from the double-stranded DNA molecule.

~ Patentanspriiche
45 .
1. Methode zur quantitativen Bestimmung von DNS-Polymerasesklivitit, bestebend aus:
A. Zusammenbringung von: siner wéssrigeh Testprobes, von der angenommen wird, daB8 sie eine
DNS-Polymerase mit einer Aktivitit A, entha;lt
eines einstringigen DNS-Templates, das in einsr Konzeniration von mindestens 10~2 molar Nukleo-
50 tiden vorkommt,
' eines DNS-Primers ergénzend zu dem einstgéingigen Template,
eines DNS-Polymerase-Metalionkofaktors,
ausreichend deoxyribonukleosider Triphosphate, um ein doppelstringiges DNS-Moleklil aus dem
sinstringigen DNS-Template bei Vorhandensein der DNS-Polymerase zu gewinnen, und _
55 eine kolorimetrische oder fluoreszierende Farbe, die, wenn sie an eine doppelstréngige, aus der
einstréngigen DNS geformte DNS gebunden ist, eine Veréinderung des Signals zeigt, das verschie-
den vom Signal-ist, das die Farbe zeigt, wenn sie an ein einstréingiges DNS-Template gebunden ist,
und
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ei nes DNS- Pol ynmer ase- Met al i onkof aktors, - ausrei chend deox
- Triphosphate, urn ein doppelstr~ngi ges DNS- Ml ekU aus dH“lWWHﬂ“ﬁilﬂﬁW
DNS- Tenpl at e bei Vor handensei n d&P DMS-823|Biner ase zu gew mneh, wnd
el ne kol orimetrische oder quoreSZ|erende Farbe die, wenn sie an elne

doppel st rdngj aus der el ns r 3 eme g)NS eb qe:g\ns
- Vergnder ung g égi SH'Q'% 3 ?n pé?c% %V‘%gg eé‘i}lﬁj ﬂ, és\P‘Fh : H %
Far be zei gt Vo b S o G by %" gk gd %vﬁ??,ﬂoee Und

19 - EP O 4

At at A g %Ns— 3"54 &'Jeﬁ?‘ss'ées%?l?ﬂ?a‘l i@ Jahprobe, mit einer
-~ Prazi i onskov af 'E?Mgl}ﬁﬁ%mls%fym ibns‘?éi&nsﬂfs%n%&gr-n%fsclﬁﬂto%erdﬁﬁmmetn

kol orimetri scm%nenosiﬁkneﬁ MQULENERS Zé.mnﬁaer%bmbﬁaer RSterdHE Gikbr BNS-Polymerdsedmitler
“Farbe an di e dopasiles Poiamgh@axiviiRn Alek,, AL npRerdRerufen SeRieoR DfBei [ANSle AldahIRET ase
- gebi | det en DNSwhRwst@Emubie® Nst Wind Ghinddstens zwei belEigt U BoduigrRIGEORSRbIMérasdt A,
“wird wi e fol gtRdaephsraierhus dem kdiotievaiisthen vden HkiNndiisthenSighalcddsaintit dio dait iatden aus
~den kol ori et rTestptobsngamkssenfwiraor ometri - schen Signal en, die G ber die Zeit
von jeder der ZpeBeastymmuhgr eidn Jfativation tankend cler BRiEr o Sgmigr Hsendnder belsioatem D&IB-

Pol yner aseakt i Ralymetagsepkidjtaten\®, und . | A . . . An hervor gerufen werden, wobel n die
Anzahl der ausd&abersagesen Alpghasd derdeelitraven s Selsit2bwns GEV\B'FS'B@W%? Rgdigionsra-

Erzeuffung der 'BNS-TgPPhRerase- 10 Reakti onsrate aus dem

kol orimetri schen oder fI uor orret r| schen Signal, das Uber die Zeit In der
Testprob% 1 du |rmung ei ner KaI [ bration anhand der "Raten
in Schri tt eugu i t%sc)ﬁgeg aktl tg'n m|Hpec|‘iZ§?fUr
Vok«h‘er age v b ﬂmfaﬂu nh ﬁr ie DNS-
DNS- PO ymer a$9 Hti@t@ |F1 er T probe und te der €, aus

Anspruch 1, WoRfsungé Stdidun kg rqHEa‘? Q&&fgléhﬁ&nv\é"nﬁtdeu@“ E&ht' (Lﬁ)dugbﬁglﬁgl&m&aééon
Kurven aus degaididbioh Bt &6 3kanRE NStRolyRerBaRkiASR A6 ohleODNE-Bdlyntbrdse-ABAk- Z€i t
for 20 tigrade OF iur DK INSLFRYmBISTaktoRAY NG T @65 edkiiblodd AtuRKomme, RbBeE HDjdoe) '
ei ner 2ahnl i cheyavderzgieist t r di e DNS- Pol ymer aseaktivitat in der Testprobe,

und (b) MesstriigBa)eid Sireliggititng idedelfe in B1) Isbstinntare Bgored! diisivecFunktion abrrtekanden t

tt, um di e INSRoRokspsekivitien Repdrhisgndargesielt vBidehaum jeipel dallbedtionsiine zu erzeugen,

_ DNS- Pol y me ruag Setkitt iB3) wiesk dusghgaiiihe, indamediOMSch@t Bilerhaltone Relek: deriTestigretet von G if Ur
~di e. DNS- PolSyhrétr%e'mmKelarahwsknwemberwpwwbemm zpegetimmem, wobel t' jede 25

- gegebéhe_Zeit ist. Schritt B2) wird durchgeffhrt, indem die in B1)

~ bpst.i mt &n Meifiods ags Angprucheh, webek nkt j on der bekannt en

- DNS- Pol ymarsﬁ (fegw?*tgafii wird du F‘a | sch d ﬁ" |t werde HP n . _
- Kal i br at ! i 9" di
T soppitt B "g 'V agoﬁ%gt"m "wne"&égﬁéggc Y o o q“% '

_‘_erzeug en Ka M , '?.a
Met hode, ausa‘é’%g ’fér Eé o}%ﬁ% aséiﬁvtnﬁr f P&I% o :i( a)
0 ob

- Erzeugung vo feV €4 ﬂﬁuée Fa&éﬁﬁkﬁdtsﬁ 2 YoRIHirh Jn'% r% jede
Sigpalen mt gblfebend %ﬁ,s{ Ur Jede der bekannt'en yrreraseaktlw tgten und

Er zeugung eich@l B8 1kd GieryeliHi,ViddiOjeds i EDb\ISrzesg@e DNS—PolyB%W @5 egdnisi Vdet at

i n der Testgsie@hay ()40 dor(dasprdinesdsn Gokdmiten BINSHYGrabearkRitA IANIn BaishergZgdedit @fd Kur ve
-mt einer Zeit fr, umdie DNS-Pol ynerase- Reakti-onsraten C4 fU jade
bekannt e DNS- Pol ynmer aseakti vi t 6t =Ab +1Ad yei’nesANS- Pol yner ase- Reak- ti@nsrate
Cx flr die DNS-Pol yneraseaktivit~t Ax der Testprobe zu bokomren, w. vobei tr
~j ade gegeberredigKpeffidegten vai01, vo undghyridecie BIS-Polirpaghcenkinvdtitd@ fdphTastor Pﬁa%ﬂ"h?'@de in
'Bli) erzeugié dpi@sicwaiier aserate C gemaB der

M cf =vo+ vax +y2A%+13A%
50 :
um A, zu l6sen. '

4. Methode aus Anspruch 1, wobei:
55 Schritt B1) durchgefiihrt wird, indem
(a) die Signaldaten zu den Zeitdaten fiir jede bekannte Polymeraseaktivitit A; und flir die unbekann-
te Polymeraseaktivitit A, in Beziehung gesetzt werden um die Regressionskosffizienten der Glei-
chung (lif) zu erhalten
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‘dei chung (1) zu der entsprechenden bekannten DNS-

S bdets T ™ i i

..DNS- Pol ymaraCeaktivitit C der Testprobe zu erhalten und die dei chung (I M
(1) ¢ _ + r19Ax + T72A?-Ay 3 50 umA zu Iosen 4. Met hode aus Anspruch
"1, wobei: 55 Schritt Bl) durc ,lf ti pii g)(a) di e Signal daten
'zu den Zeitdaten fir jede bekannt yr‘ﬂ)r"égetak"fﬁw tdt A und fU die
~dnbgkann- - te Pol yneraseaktivitat A, in Beziehung gesetzt werden um di e

_ -Reg?*és SisoNskoefdto? ISt Bhs RoldliRtotriSang | oderC AdbRBhetrisdnk) si gp Q@ a4k
823 .Bi - bekannte Polymerasedkiivtitl A, b:er loinb f unetlekanhte ?Hlnbr'r eaktICItg"t;B l%darsfgt f g:'l)

Si = Pt G trid ¢} deRegistsioAskostiizienten daré@iRel S das orimetrisc

-1 uor omet ri sche) Beginadung Qsr PéitageigRyNRERE Glihiingt (fin uﬂ&h@t@ezéaemruu ﬁate geméB
“Pol ymer aseakt i Gleiclaing AV) maddwiteenrme unbekannte Pol yner aseaktivitat A :
darstel b, und CO , und C die Regressionskoeffizienten darsteilt, (b)

- Bestinmmung der Zeitableitung aus der e chung (I ii) errechneten Zelt um
"die Rate genmrB deichung (1V) zu eglqﬁ i, G (1V) L] dtJ1 t6
‘was den Koeffizienten fUr jede bek et fbal ynérasé’aktl vitlit Al liefert,
‘wobei der Koeffizient CG die Rate der Pol yrreraseaktl vitgt A |st in

-Schritt BZ) vverde o Fe bekannten, in Schritt ) o
“ermittelten Po Egg%éﬁfg’seagg"% g’?‘é’f‘%’?ﬁ’?@i"v"éﬁf"é“’ﬁgﬁ n"ﬂbP'd#‘?r lesffizigah Gy bet en.
_Pol yner aseak{; é/dE Aly ﬂ5<a ratnen ns me{& I% er zeugen
~undin Sch 1w (nitefen Fplymorasaakiiyidigne
gﬂs\jdgrmlcnrlsé 56% th 2) e’radgeﬁ ten [L |ons %:b\'/lge«te"en‘f ﬁ'(r)"r’r%% a'llf ?é '}g‘ﬁ

bestinmen. 5 Mﬁth@éj&wrd%m émﬁfdi SP eL ¢ VM&Q%* ®BPTestprobGlY dek
dur chgefthrt KWbFadonskM%ﬁMrg?&ue L@A&h&fbg&enqﬁénen Zu' aen ZeH& aE"en %%?Z)iegargéen
_bekannt e -Pol ynmer aseakti vi t at A, und fU die unbekann- te

. Pol yer as ek Methbdeasus Ansgrath Beadbeihung geset zt werden, um die

. Regr ess#onsk §¢fiftiB2) durehgsfihdavirdGhdemchung (111) zu er hal ten 30 (rry s =G +
~C t* + G (t*{pdieBigedidagh zvlden Feddiatani fiirdedeibsianee Bogneriscaltivigt A @hd {616 enbSkagin-al
~f.Or .ei ne gegeb@n@ohZisraseaktivitiing i Reziend® gesetzt weiderk ammidie Regrssienstetialenten idbr~t
A, oder eine UApENAnMDE. PHAYPer aseaktivitat Ax darstelit, und CO, C4 und C2
.die Regr essionskoeffizienten darstellen,; (b) Bestinmmung der Zei t abl ei tung
.aus der®d eichung (111) errechneten Zeit, um d| e Rate genrnf 4 eichung (1V)
.zZu erhalten 40 (1V) =Ct +(m938"'thh.-¢ti$ tcl 1(5')

_ wobel S' das kolorimetrische oder fluorometnsche Signal fillr sine gegebene Zeit t* und seine.
% bekannte Polymeraseaktivitit A; oder eine unbekannte Polymeraseaktivitdit A, darstelit, und Co , G
und G} die Regressionskoeffizienten darstellen,

(b} Bestimmung der Zeitableitung aus der Gleichung () errechneten Zeit; um die Rate gem#B
Gleichung (IV) zu erhalten

40
ds i i.*
(V) | — =Cl+2C2t
dt for

45
was den Koeffizienten C} lir jede bekannia Pclymerawam-wtht A liefert, wobei der Koff'zxent Cl die

Rate der Polymeraseaktivitit A, ist.
Schrift B2 wird durchgeflihrt, indem jede in B1} erzeugte DNG-Polymeraserate C} mit der entsprechen-

den bekanntsn DNS-Polymeraseaktivitst A, in Bezishung gusstzt wird anhand von Gleichung (1)
50

C1 = 0 +71A1 +y2A2 +y3A? U]
um die Kosffizienten yo, v1, y2 und va zu erhalien, und

Schritt B3) wird durchgeflhrt anhand der Testprobe der DNS-Polymerasseaktivitdt CX und der Gleichung
56 ()]
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‘was den Koeffizienten C4 ftir j ede bakannrto Pol ynmerassaktivitit A

schri (4" B2 w 1 dur ohef Unrt, 1 naemejaaezs sie1) et seugto NN 1IN

:DI'NS- Pol yneraserate C4 mt der entsprechen- den bekannt en
“DI NS- Pol yrreraseakl—lvi tSt Al t deziehung !gsetzt wirrl anhand von d ei chung

“CF) 50 G = 70 +yl A +Y2A2 +YAaAéA) um die Koeffjzienten 70. 71, 712 und y3

j'_.z'u' 'erhal | en, und Schritt BS)(' u-dmaswgéwmzAzmwam& der Test probe der-

: Polymsraseaktlwtdt Cx und der Geichung 55 - (11) 21 EP 0 443 823
*/ L i (1) C - YOr*FL' Ax+T2A2 FY3A A 5 umA zu losen. 6.

I\/_bt hode aus" erfiem der Ansprlche 1 bis 5, wobeir n eine Anzahl von 2 bis 5

ist. 7. t i i..di e Testprobe mt
dem ei ns{%aknkglﬂtgieené’%#gm% B&%Qﬁﬁchﬂ'%ﬁ &%ﬂé}%ﬁza@\lv t%% 2 akt or und den -
deoxyri banumb®asi SRMNinbR @P‘Qﬁmfa@m b\éoé vﬂ@éﬂdtﬁofgs@}ﬁ)e muttdegne&nsk'ﬂlg%ﬁ H‘E{.,S%@Chen
.odor fhuor oget DNS-efiRé, d%aflbﬁak@ﬁ&id&@hhed%ﬁbdnukﬁesidlﬁ&ﬁ&usiph&él{ voBasth KSRt ¥@N
- DNS- Pol yner asimistisciéri odor fluo@mbeissheroraiesgemieit wed.er  Deoxyyr i bonukl eosi deni
“dATP, "dCTP, dGTP und dTTP, is einer Quelle fU einen
- Net al i on-8DNBseel 2ynidastimmérglvboPNS-BolymezasaaaivitBiNbsishendns: er ganzend zu. ei nem
~ei nst r ~ngi gdan vioNBeoKmmiponukieosideie IATR dC T €6 TR wid, dTIRT dar aus ei ne
-doppel %8t r angjieg EuBiSUr eingsi Mejalian-DgrSolBrerasetaktorg ek simare PY B dmerdaginzentt zu dmbB es
~wei terhin efifsangigen E'Nﬁﬁerem'ﬂgtdpramgrgg%'sanagiemMeammebtrmm 8Ngizgbidetenpl at e
. und- ei ne ko‘l’aérsieﬁﬁtgﬁ'l‘%ﬁzﬁl@“’l?&l‘éﬂd“ffﬂl' daf eoveitebieadeétrar be, die, wenn sie an eine
-doppel stri n%‘i‘ 'gﬂgFaQZIS’NS als °£—5'F‘f?é‘9'9?sn ﬁumNs ef ornmte DNS gebunden i st,
~eine Ver andZh rhf%"" ﬁ' gﬁ‘ﬁ‘l g’%ﬁ bg 6:}5@ W%Pgﬁamesﬁus #Rs
“die Fafbe z§ % Ny dodndea 51 Rine m%e;eﬁgg ﬁ? eqegt
©9. Testset aus % nsp Puch nehd Yend® & ﬁ'" BPgies BgRRSP

md%‘@.?%k& rl bi s 7

'. Mangani ORReNTRlsst H@Al%bltug{ 8 ev@lfélten&%me %éllgqg%a Siufl ‘Q@{IMQ\ 5
~.Zur Besti mung el ner ynerase gewonnen aus er S aquat| cus oder

- Ther mus t1b.emm9|ah§18merk d&rlAnsb@Ert&Ofiﬁls 70517 BRG] Sher NI Bd{dRasd gBohneh, LEET
10, wobei ditermivgaf@tidus d8s TheneY MEMEpHidenzi m dasol -, At hi'di um,” Met hi di um
-oder Akridin-Farbe 1st. 30 12. Methode, ‘aus ei-nem der Ansprtche 1 bis 7, 10
~oder 11, 1holetode, s Biasrbeer Absjricht 4-bidyTisdex yg) vetdy iy Férbe fluoreszierende Bibenzimidasol-,

. Benzi m dasoﬁ]"dlem( Mefvigiiulny bded ARidpeFiadiz Yet.) Benzi mi dasol Tri hydrochl orid,
~Akridis- Orange, Met hidi um Brom d Propi di ‘um | odi d, Athidium Bronid oder 4'

- 6' - Di ami df-nMethadphan winem dlef Anspdiche] Bbis Vet Gerse 11, awbe aierferhed2t2- (Ahggyorybiohy)-6t bi s
-7 odor 10 b'?%'z'mz"asouﬁgfhﬂefaﬂﬁ Fiergay)Beneimidneol (rlwarmehiqsideAleidie-Orangsl MelhidiugeBromid .

S14. Set, auoRiveiedid ‘“‘ﬂll‘r’@]?f%‘é’eB“ OQJ‘BlamQ""O‘Ztﬁ"e"B k mrung ei ner aus Ther nus
“aquat i cusi monhi | us gewonnenen DNS- Pol ynmer ase. 40
- 15, Séf ﬁuget ﬁe“WF 8'8?"‘ ﬂ?{sﬁ"ﬁ‘t}&% ‘é"s 79°°\3th bis; 12, W/B'??éf’ascﬁ"@"%ﬂa'%BN&Tﬂépme ein

f uore52| eren en2| m dasol -, Athidium, Methl | di um, oder Akrl di n- Far be

‘ IZSE\Z—' 2'2 E?eéq%t a@y §| &"1 bchrrﬂr:%ﬁ @Soggrﬁszﬁ Z%snmmung emg' aus q‘l?drmt\lgn a%galmcgsl oder et?nus
sol ] -6g(1- NET I perazyl) Ben2| m dasol Tri hydrochl ori d, Alkiidin- Orange,

Met hi di urs.Bges, naud eﬁéﬁﬂieﬁl iansrptidhd 809 tnd £, Nobdi i ﬁ'ﬁ&réﬂedﬂu@flgzreré}tde Bibenzimidasol-,
" 6'-Di am di ri&tmulamPlvemmluqu.eé, Akgﬁim.FaImeSEt aus einemder Anspriche 8, 9 und
14 bis 16, wobel das einstrangi ge DNS-Tenpl ate ei ne ML3 Phage i st. '

16. Set, aus sinem der Anspriiche 8, 9, 14 und 15, wobei die Farbe 2-[2-(4-Hydroxyphenyl)-6-Benzimida-

45 sol}-6-(1- Methyl-4-Ptperazyl)Benznmldaaol Trihydrochiorid, Akiidin-Orange, Methidium-Bromid Propidi-

um-lodid, Athldlum-Brormd oder_ 4', 6'-Diamidino-2 -F‘henvl-nuu. iat.

17. Set, aus einem der Anspriiche 8, 9 und 14 bis 16 wobei das einstrdngige DNS-Template eine M13
Phage ist.
50
18. Verwendung einer kolorimetrischen oder fluoreszierenden Farbe zur quantitativen Bestimmung einer
DNS-Polymeraseaktivitdt, wobei die kolorimetristhe oder fluoreszierende Farbe bei Bindung an ein
doppelsiréngiges DNS-Molekiil einen Signalwechssl zeigt gegeniiber dem Signal, das die Farbe zsigt,
wenn sie an ein aus dem doppelsiriingigen DNS-Molekiil gewonnenes einstriingiges DNS-Molekill
55 gebunden ist.
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- DNS- I\/bI ek BeY "g‘@!ﬁﬂ“ﬂ\?nes ei nstrangi ges DNS- I\/bI ekUl 55 gebunden ist. 22
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P

() 8= ch+clt” +ch ")

ot S' représente le signal colorimétrique ou fluorométrique pour un temps donné t* et pour une
activité connue A; de I'ADN polymérase ou puur une activité inconnue A, de I'ADN polymérase, et
Ch. C, et C} représentent les cosfficients de régression,
55,
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45

9. Trousse d'essai selon la revendwahon 8, mmprenan* uno source d'ion magnésium ou mangandse
comme cofacteur.

10. Procédé selon I'une quelconque des revendi c,:ahf*ne 1 & 7, pour | détection d'une ADN polymérase
50 obtenus & partir de Thermus aguaticus ou 1 helmus thermupn.'us

11. Procédé selon I'une quelconque des revendications 1 & 7 ou 10, dans lequel le colorant est un colorant
fluorescent de bis-benzimidazole, d'éthidium, dp méthidium ou d'acridine.

55 12, Procédé selon I'une quelconque des revendications 1 & 7, 10 ou 11, dans lequel le colorant est le tri-
chlorhydrate du 2~[2-(4-hydroxyphényl)- B-benzimidazole]-6~(1-méthyl-4-pipérazyl)-benzimidazole, I'oran-
ge d'acridine, le bromure de méthidium, Iiodure de propidium, le bromure d'éthidium ou encors le
4',6'-diamidino-2-phénylindole.
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