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Effect of 5 Fluoro-2'-Deoxyuridine 6dUrd) on 5-Bromo-2'-
Deoxyuridine (BrdUrd) Incorporation Into DNA Measured
With a Monoclonal BrdUrd Antibody and by the BrdUrd/

Hoechst Quenching Effect
Joachim Ell*arl and I'eter f)örmer

Gesell$haft für Strahlen und Umweltforshung. Ableilung für E&eriment€lle Hähalolose, Mun.hen,
Federal Republic oiCerDanr

It{eived lor publi.ahon feb.ua4 12,191j5: a..eped Jul! 3.1935

The purposc of this studr §&. to impro\e
the application of bromodeoxluridine (Brd-
Urd) for the flos rltomet c anahsis of c€ll
kinctics. tn ordrr ti) obtuin a quantitälire
measure of the Dn",l stnthesis rate {or thr
numb€, of di\ided (€lls,. BrdLrd should re
pla(e thlmidin€ (dThd) compl€tel) in th€
ne$l! srnthesized DNA strands. The de novo
srnthesis of dThd monophosphat€ comp€tins
Eith Brdf'rd incorporation {as stopped br'
fluorodeoryuridine (rdUrd). Cells ofa human
leulicmic c€ll Iine (REH) scre e\poscd'o
BrdUrd for eith€r 20 min, 8 h. or 2l h. Bro-
modeo\l uridine inl:oryordlion $as deter-
mined b) a monoclonal antibodl as sell as b]
lhe ßrdI'rd'Hne,h.r'H' re, hniquc. aountrr
stainins of th€ Dr-A was pe.formed lrilh pro-

pidium iodidc or cthidium bromide. D\1 flu
d in both tethniques

u rlh a l$ o-oardmel.r flou ..r l',m€ler, r hc h ir-
to8lams being anallztd hr computer. 11 {as
found ihat Fdl rd ic rcquircd i" thc ltrdl rd
H terhniqur for repla(emen1 of dThd a1 Ios
tsrdlrd ton.entrations and long incutralion
tio$. $-ith short incubation pcrnds, as used
for det€cttun br the mono(lonal anti-Brdtrrd
antibod\. Fdt'rd inoeas€s the incorpomted
Brdti.d amount shen B.dLrd (oncentmtnrns
of 10 rl1or less ärr applied.

Ker rcrm.: Bromodr.\\ uridine, nuofudH,\.
ruridine. D\,1 slnthesis rate, humän leu-
krm;c (ell line, flos cl'tomrtrr

Brcmodeoxyurjdine (Brdurdl is used wi1.h inoeasins
frequ.ncr in cell kihetic srudies alter the inttuduc'.ion
of i.he Hoechst (Ht qu-"nciins elTect i.to flos cr+.ometry
b)' Lait (23,2.1). Böhmer (2) and Kubbies and Rabin.,.
\1t h 120) described methods of cell cr-cle ahalysis us;ng
the quc,nchins ofH in dilided cells. Perturbatjons ofihe
cell cycl. of normal and tumo. cells were easl t inves.
tigat€ liith the BrdLrrd,TI technique 11,29) Count€r.
stainins of iotal DN-{ per cell \Lith erhidiLrm bromide
(EB)simplified the analysis olthe DNA sJnthesjs in thc
first cycle (3,4,16) This l[o-paramerer iechnique allows
flos crlometric measurcmenl ofLhe liN_A slnthesis rarc
even in subromparlments of the Sphase atter a lew
hoü" ot B,dI"-d ,a Jbbriun lo.l1.s^.p r rs -oe p"-
sibl-" to measure DNA slnthcsis §ith the mon(lonal
anti Brdurd antibodJ (10,18.26), BrdU is b€ing ap
phed incr€asinslJ for cell crcle studies. It is lherefore of
inilrest to know the exacl .onditions of qua.lital-ivc
Brdir'rd incorporati.,n.

The quantit] of Brdurd iL.t€ad of thtnidini (dThd)

iDcorporated per unit ot iime into DNA mal provjde

iDformation on the t)NA synl.hesis rate. For quantiia
ti\€ assessmenl of the DNA synlhesis rate, it is most
convenient il Brdurd replace-. dThd cornpleteh in lhe
nesly synthesized DNA strands. lt is, hoReler, io be
erpected thät the endogcnous s)'nthesis of the D§NA
precursor dThd monophosphate compei.es uiih the ex
osenouslJ supplied BrdUrd. In addition. an inlracellulü
precursor pool ol dThd monophosphate exists at thc bc
ginning oIBrdurd incorporation (71and should nor ntir
wilh th€ ne*ly synthesized Brdurd monophosphate.
Dörmer applied {luorodeoxyuidine (FdUrd) to block the
endoge.ous synthesis of dThd monophosphate Ior use in
quantitatne rlc.auloradiog.aph-! (511,1:.ll He first
preincubated the DNA synihesizing celts for 6 min wjth
Fdurd to clear the endogenous dThd monophosphäte
p@l before incubatins the cells $ilh 1!CdThd.

In this paper, so inlostigated ehether Brdurd nicor
poration into D1\-A could be in-eased by blockins the
endog€nous synthesis of dThd nionophosphat€ br I'dUrd.
$'e used the anii Bdurd antibod!, the BrdurdlH EB
method, and the BrdUrd,TI technique for diflerent



514 ELLqART AND DÖRMT]R

Brdurd incubation times iD order to det€rnine the
amounr ofBrdurd i.corporated as a funclion ofdifferent
Brdurd and Fdurd concentrations

MATBR IA] 
^S 

-4l\"I ) ]tI ETHOI)S
Cell ('irlture and Cell Preparation

The experiments a'ere p€formed with the human leu
kemic REH cell line (31). The undilTercntjated lvmpho-
blastic cells sere sro*n jn suspension culiures in RPNII
1640 medium (Gibco Europe, Karlsruhe, fRG) supPle-

ment€d sith 10tt of inactivated fetal calf serun (Cibco

Eüop€, Karlsruhe, FRGI. FiftJ unjtshl peni.illin, 50

rs,ml streptomrcin {Semmed, $Iesr Berlib), a.d 2 mM
L.glutamin (Seromed, \4'est B€rlin) §ere added The at-
mosphere in the incubator $3s humid, coDtained 59i

CO2, and measured 3?"C. Twenty four hours prjor to
BrdUrd incubation, the cells sere susPended in lresb
medium at a deßiry of0.5 x 106 celishl. At the begin
ning of the Brdurd incubation period the .PIls *ere
growing exponentiallJ sirh a population doubling time
of 34 h. A nonproliferating fraction {'as never delectEdi
2-3% ofthe cells rere dead.

lncubation Pro(edure

The temperatre of the cells, all supplements, Plastjc
flasksNunc. Roskilde, Denmark). and instrumenls were
kept at exaetly 3?"C. Prior to incubation, ihe cells were
shake. gently to destrov clumps and ihen dj\ided into
aliquots of 10 ml. The experlnrenl,s as outlined in Fig
ues 2,3 and 5-8 sere conducted usins cells from one

stock cultüe. One hundred nicroljters $om difierenilv
concentrat€d stek solutions offdl;rd (Sigma. St.Inuis,
Mo) {,as added io the c€ll sBpensions Fiv€ minutes
ajt€r addition of Fdurd, 100 al of differentlr concen

trat€d stmk solutions ofBrdurd (Sigma. St Louis. MOI
and an equimolar conc€ntration ofdeoxycytidine (dCId)
(Sigma, St. Louis, trlo) *ere added The dcld wäs sup'
posed to prelent the inhibition of DN-A sJnthesis due to
hi,Ih Brdurd concentratjoß 1251. The stock soluiions
had been prepared {iih distilled sater. To prevenl. the
cells flom siDling do{D to the bottom of the culture
fiasks, the ansle ofinclination ofthe latter sas chansed

mechanically duing the incubation time. We qorked

only in weak red light to aloid decomposirion ofBrdurd.
The incubation time ofBrdurd and Fdurd $as stopped

by placing the cultue fla-qks ixl.o ice säter.

Anti-Brdtrrd .{ntibod] llethod

Following BrdUrd i.cubailon, I x 106 cells were

§ashed t§ice in 5 ml of cold PBS withoui Ca*- and
Mg-+ ions a.d t.he pellel resuspe.ded in 2 ml of cold
PBS. Washing of the cells was achieled bI centrifusa
tion for 10 min at 500 g. Then, with lasorous asitatjon,
we added 4 ml of a mixture ol ?0% cold ethanol and 30%

PBS. Subsequently, 6 ml of cold ab§olute ethanol wäs
added for frxation at 0'C in the dark lor 30 r n. Aft r
spinning ihe cells down for 10 min at 800 g, thev were
resuspended in 5 ml o{4N HCl in order to obtain sinele
stranded DNA and incubät€d at room temperatur€ i.

the dark for 30 min. Wlth lower concentrations of HCl
(18,26) we did not obtain sharp fluorescence distribu-
tions in the S phase. SubsequentlJ, the cells were first
qashed in PBS and then in 2 ml of PBS suPplemented
sith 0 5% TneeD 20 (Sisma, St. l,ouis. MO) and 0.5'/.
boline serun (Slsma, St. Louis, MOr Then *e added to
the p€llet 10 l,l of the anti Brdurd antibody Gecton
Dickinson, Mountain Vie§', CAI and incubaied for t h
in the dark ai r@m temperatue. ln preliminarJ tests,
the fluorescen.e plateau was nol alway-. achieved Ihen
usins less anti.Brdurd antibody. To l€s! s'hether l0 al
oI antibody $'as enough, r'e incubated one smPle in
ed.! e\pp,.JnFn s rh 20,1. rhp double am^' I l' -n
)-"rdncp drd the 20 rl 5"n pl" ) i,ld hrSh"r c-orp""en, e

than the 10 /1, which was therefore the concentration of
choice. The .e1ls were sashed first in PBS a.d then in 2

m] of0.5% T*een 20 and 19. normal soai serum {Gibco
Europe, Karlsruhe, FRG). Twenty microlit€rs oflluores'
@in labeled aoat antim.use antitlody Oago, Bulhn
same, CA) §d added to tha peliet, and incubat€d at
roon lemperaturo for 30 min in the dark. The normal
soai serum prev€.ts nonspecific absorPtion of the fluo
rescein labeled goai antimouse Samma elobuiin Subse
quentlr. the cells were *ashed tsice and r€suspended
in PBS containing 10 Ashl PI (Sjsma, St. Louis, MOI
for incuhation in the dark for t h.

The cells sere analyzed §ith a FACS II cell x'rter
(Becton Dickinson, Mouni.ain Vieq, CA) usins '188 nm
excitation light. Red fluorescenc€ from PI §as colle.i.ed
through a 620 nm pass filt€r, shile sren fluor.scence
from fluorescein las collected bet*een 518 and 555 nm
The $een fluorescence §a-. calibrat€d uing FITC Ia
beled lat€x beads ( Potyscjences, Warrjnston. PA)and the
rcd fluorescence by adiustm€nt of the Gr peak to a

constant channel nunber. The datä {ere accumulaied
in an ND r00 Nuclear Dai.ä. S.haumbure. L)to lorm a
bi!äriate & x 64 channel distribuiio. shosins the red
DNA and th€ geen Brdud fluorescence nf tha EFI{

BrdL.d/Hoechsutthidium tsromid€ Method

Aft€r incoryoration of Brdurd. atour 106 cells sere

". 
ashed in PBS at 500 g for 10 min and rcsuspended in

5 ml of a fixing and staining solution consisting ot 30',2

ethanol and 70% PBS plus 2 ms,{- H ßiedel-de Haen,
Hannoler, FRG) and 10 mgl- EB (S€n'a, Heidelberg.
FRGI(:1.4). Th€ flu.,rescent dle H slains dThd and leaves
Brdllrd unstaincd. while EB siatns the DNA. RNäse
ß{erck. Darmstadt, FRG) tr€atment of the REH cells
had no etrect on the fluo.escences.reasüed iät€r.
T*'enty.fou houls äfler stainins, the cells *tre ana
lJzed §ith an 1CP 22 (ortho lnsirum€nts, $!sl*ood.
MA). using the L ' €icitation of a nercu) lamp. The
.ed nuorescence olEB $as re.orded betond 550 ]D and
the blue nuorescence ofH bet*een 430 and 500 nm.lhe
fluorescence inteNity of the G1 peak was used for calj
bration on both ues. The bipaameter distributions of
i,he red DNA and blue dThd fiuoresen.€ r'ere stored in
a 54 x 64 channel memor-v ofa C!1omic 12 (19).



BrdUrd/Hoechst T€chnique

After different kinds otpretreatme.t, the cell suspe.
sion *as mixed 1:1 *ith a sraining slution containing
PBS, 0-059i Nonidet P40 (Sigms, St. Lüis, MOl, and 1

mg,l- H r20) Cells srnthesi,ing DNA only {ith e\oge
nous Brdurd do not chanse their H Iluoresence except
follo*ing cell djvision, after which they ha!€ half of
their prerious fluoresceDce (2). AIter 10 min of staining,
the blue H fluorescence related to dThd sas excited by
UV light and measured bet§een 430 and 500 nn using
an ICP 22 and recorded on a C)tomic 12. In eme cases
th€ H histograms were also derived fom the hisariat€
fluorescence distributions of the BrdurdlH EB method
by projecti.g th€m math€matically onto the H-dis.

Eraluation of Dätä

The two dim€nsional his1,o$ams from the puls€ height
analyzer Rere transf€red to a LSI-11123 computer run-
ning under RT u. ln the case of the anti-Brdurd anti'
body, the Brdurd neeative cells lie on a stlaisht li.e ol
faint green fluor€scence. A one-dimensional histosram
was obtained by projecting all fluorescence values onio
an axis perpendicul to this line. AJter pulse labeling
with Brdurd, this histosram consists ofone peak consist
ing of BrdUrd negative G1 a.d G2 cells and a long tail
of Brdurd-positile S phase ce1ts. Separation ofthe neg.
ative and positive population s as a.hieved jn a manber
analosous to pr(redEes applied lor DNA histosiam
analysis b)- utilizing an also thm des{ibed by Fried
{17r. The a thmetic mean of the dista.ces fron the
Brdurd-negative line qas taken as a relative measurc
of BrdUrd incorporation-

The p nciple of elaluation of BrdUrdTi-EB plots has
been desc bed preriously (15). Briefly. one has t deal
with the fact that after one round of Brdurd incorpora
tion and division, Gr cells show a someq'hat lo\ier EB
fluorescance than that of lhe startins popula'rion. This
is lesely caused by a deoease in energt tran.-fer due to
ihe H quenchins. Tire factor bJ which the lower EB
fluorescence has to be conected depends on the particu
lar fixation, stainins, and measuring conditions and (as
coßtantly 1.4 jn this study. The same factor applies to
all cells jn S. Therebv, the prcportion of 2C EB fluores.
cence related to the desree of H quenchins and thus the
rclative amount of incorpo.ated B.durd can b€ deter
mined by computer for every cell i! S. The arithmetic
mean oti.his proportjon sas used in lhe present studr-

of Brdurd incorporation. It co.Jorms io
the proporrion of 2C DNA synthesized and thus lo lhe
DNA s),nthesis rate if Brdurd rcplaces endogenousl,y-
synlhcsized dThd to such a degree that H quenching in
the ne*ly synthesized DNA is complet€

REST]LTS
T\r'entr-minute Bdurd Incubation Time (Brdurd

D€tection with the Monoclonal -lnti-Brdfrd
-{ntibodr)

In the first experiments using the monElonal anti-
body, we incubated REH cells with verl lo* BrdUrd

EFFECT OF FdU.d ON Brdl]-rd INCORPORATION 5t5

concentrations in order to test the minimüm detectable
Brdurd concentration. In the absenc€ of Fdurd. no
Brdurd incorpo.ation was det€ctable after exposure to
0.3 rM Oig. 1). On the other hand. considerable incor
po.atioD at this concentration Bas achieled bv adding
20 rM of Fdurd. Figue 2 sho*s thal,, §ithout Fdurd,
the.e was a siight B.durd incorporation at a concentra-
tion of 0.5 pM. Irs. FdU.d concentrations such as 1.5
pM had no efrect on this Brdurd incorporation. How-
ever, with the same Brdurd concentration. a fourfold
increa* orr he incorporation $ a obr arnFd b) i. creai ng
the FdUd concentration up to 15 pM (Fig. 2). Higher
FdUd coneentratioß sho{ed an opposite trend oI
Brdurd inco.poration. At 500 aM of Fdurd, lhe incor
porated amount of Brdurd $as 206/. less tha. at the
condition of maximum incorporation.

Frc L Brr&iale fl uor€*ence disiribulionsorexpo.ennal!\ !ro\in!
REH cells aitlr in ubat,on s,th 03 dI oI B.dlJrd lor 2u min Inrhe
upp.r disrribu{ion. Brtlurd $.as added 5 m;n aii.r st. ofrncubarion
tr1ih 2f. !M !dl,.d l. rhe l.§er distriburion, no Fdtid \as rddcd
The ordrnr@s rep..*nt rhe .olati,e amorm oa incorror.rerl Erdfrd
deist?d §ith üe monelonal anlrBrdLrd anribod! r$epn fluores
..nc. ofFffCr: rhe ab$i$a sio{s iokl DNA cohk,nt lr.d lluo.e$ence



516 EI-LWARI AND DOBMEN

!

s

o

o
z
p
p

g

9

o

o
z

01551550
FdUd CONC

frcm the diagonal line in the two-dimensional H-EB
histrsrams (Fis. 4). This appers to t€ iD contrast to the
Brdurd incorporation experimenr lasting 20 min at the
same Brdurd concentration and det€ct€d by the anti
Bdurd antibody (F]g. 31. lllllen 50 rM of FdUrd was
added, however, the eells shifred upqards for about hä11'

tne number of channels of the 2C DNA content, mean'
ing that about half of the 2C thymine was replaced bl B
Gig 4).

The conrrols in Fi$fe 5 without addition of FdUrd
shos that no Brdurd incorporation was detectable eith
1 änd 3 aM of Brdud aJter an incubation time of 8 h
The Brdur{incorporation b€came visible beiween 3 and
10 rM. Ho{iever, $ith a Brdurd concentration of as los
as 1 rM. the incorporation ros€ fiom roughly zero to its
muimum when Fdurd §6 added in conc€ntrations
jncrcasing from 1.5 t 50 rM. Al 150 and 500 AM of
Fdlhd the Brdurd incoryoration decreaed again. With

+

fte 4 -l-\o.paranetlr flloresence din.ibuo!ß oi exponenhallv
gm*inc FEH.ells obained aßer 8 n olB.dl,rd incubarion Ginglhe
BrdUrd,E EB n€rhod In $e uppu dlqlribution,3 !M oaBrdurd and
no Fdurd ie.e adm,.isE.ed, shile in dre loNer dislrjburion 3 aM ol
BrdÜrd.nd 50 rM.fFdurd sere added T}e o.dinaLs repre*.t üe
a.tual t(aiion ol cells ,n ihe.ell cycle (..d 0uore*enG or Etsr: ihe
abBsra sho$s lhe.rdarnins amount or dThd Ohe anore$rnce ot Hr
not repla..t h! Brdurd

150 5OO

fpMl
FIG 2 lnnuence olFdurd con.enränon on I 20min B'dll'd incor

porano. ,nio erpoienrisllr Erowing REH cells n"snrn rith ihe

monElonal änri.Brdll.d antib.dj.

B'dud cONc.fp Ml
!'r. 3. Brduid in.o.pnratio. olerpnnediallJ growing REH ellsas

a auhdro. ol ile B.durd ..ncerlration The 20mi. Brdu'd rnco'p'
.atio. *ss medüed ,. relarile lnits Ylih ihe help ol the mon(loEl
antl B.dli.d a.ridt No Fdlrrd ooq€r cun'e) änd 20 !M ol FdU'd
rupper cu.ver, r.sp..iirely ras added.

In F,qLrre 3 ue con pared Brdurd in@ryo'atron lor
vriou. BrdUrd cu-@-rtarrotu up !.300 rM bJ er'hP'
adding a concentration of 20 aM of FdUrd or leaving
Fdura out. without Fdurd. the incorpo.ation oIBrdu'd
.ises in the coDcentration .ange betqe€n 0.3 and 10 pM'
At 10 pM it reaches a plateau Bv the additioh ofFdurd
a considerable increas€ of Brdurd incorPoration is ob

tained, particul&ly at low Brdurd concentrations At a
Brdurd concentraiion of3 rM, a p€ak is reached that is
slishtly higher than the plateau välue without Fdurd.
In rne nresence of FdUrd. BrdUrd colcFn'rarion" ex

c.pd:nq 3 !lU cau+ d s,ishrl) d"crea-,ng Brdt'rd rnco'
porar;un. Tt"e @ntrol in Frgu. 3 d'mon$rat'}. thal
Fdl rd admlninralion q rhoul Brdurd did nor gFnetatF

fluorcscence sisnals above the background

Eisht-hour BrdUrd lncubation Time ßrd!rd'i
Ho€thst-Ethidiumbromid€ Method)

Afier an incubation time of 8 h at a Brdurd concentra'
tioo of 3 pM sithout Fdurd, there *as no deliation

I
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Ftc 5 Rehlionship bet*en Idurd conc.ntation and Brdurd h
corF.arion of pxp.nenriElly srosing REli cells aner an I h incularion
p€riod *ith th.s d,,le:.nt concenr.atioE ol B.dU.d snd rriable
encenfal)ons oi Fdlrd Controh q... in ubät d q,thout Fdurd
B.dLIrd rn.orpor.iion *ar d.e.hinod br the queich,ng .(l€cl ßins
rhc B.dUrd,lr.EB metl'od. and erprcsi{ as p.rtnr oa compl.t
queh.hinsofthe H Uuore*ence rD o 2C amounl olneqly sJnrhesiad

3 rM oI Brdurd, a plateau s4 reached at a concentra
tion o1 15 pM of Fdurd. ln this cas, hisher FdUrd
co cenrrar;un- d:d nnl dp!re5: rhe BrdI'rd n.o?n."
tion. The incorporation of 10 aM Brdurd ai Fdurd con
centrations ranging from 1.5 to 500 4M §äs alsays at a
high lelel; however, a slight poak appeared at 50 pM of
Fdurd (Fig. 5). By furlher increasing the Brdurd con
centration to 30, 100, and 300 llM (fig.6). anr Fdurd
e§ect on the Brdurd ineoryoration *as abolished. ln
these experiments, the Brdurd incoryoräiion $as high
€st at co.centrations of 30 and I00 pM, and 25% loser
ät 300 pM ßigs. 6, 71.

I§€nti-four-hour Brdfl lncubation Time (OnF
päräm€ter BrdUrd/Hoechsi Te.hnique)

-After 24 h of incubation, most of th€ exponentiauy
Erowing REH cells should hale dirided. The left upper
histos}am of Fi$Ee 8 shoss the nomal "dT hd"-histc
gram of the mntrcl withoui Brdurd and fdurd. No
diiided cells sere demonslrable by this technique when
Brdu.d i as added to pro\ide a final concent.ation of 10
pM (upper riCht histograml. This histogram appem
only to have a broade. Gl peek. At 10 aM of Brdurd
plu-s 50 pM ofFdurd, tio brcad p€aks appearoo§er ieft
histosram). the lo§er left peak repres€ntins dilided
cells. Not until *'e add 10 rN{ of Brdurd plus 150 aX{ of
!'dUrd do §e see a sharp peak of djvided G1 ceils (loqer
right histosram). The sharp peak orthe dilided Gt cells
indicates that all DNA thymine has indeed been re-
placed by exogenous B.durd dwing the whole period of
DNA synthesis.

DISCT]SSION
In erleßion of a study conducted by Bri.kmann aDd

Dijrmer (5) usjns normal bone malroq and CML cells.
the pres€nt rcsults suggest that the salvage pathway for
thymidine triphosphate formation functions in the same

FG 6 Efr<t ol Fdurd concenr.ä o. on Brdurd in.o.poration or
expnenriäll} sroningREHcells dunng anah incuhiion p€riod *nh
tire hiAh con..nrraLr!ß olB.dlrrd Contols 

"ere 
i..ubsGd vrhou!

Fdurd Brdurd inc!.lo.srion *§ dererm,ned bt rh. qa.nchins efled
using the B.durd"ll EB m.thod 3nd exp.eskd as p€r.enr oacomplere
quen.hLng oa lhe E nuo.e*ence ln s 2C anounr oa n.*lJ srnthesized

15 5 15 50 150 500

Fdud CONC [p M]

rc to0

o
=
q

o

o
4
!
P 300

Brdu.d coNc [uM]
$c ?. Brdurd inerp.raiion ol.r!.tunrirlt grosi.s REH cells

dring an I h incubaiion period -dep.nd.n* on B.dÜ.d coDcent.ation
and rarlos Fdurd con@ntraiions Brdurd incor!..ätio, sa dete.
mined by the que.chins etr{t usins the BrdUrd,II EE h.thod and
*prösd tu Frpn, orümplA " qü"l I q or,np rl.c-oFa"h., rra
,C ahout olnerlJ §!.riesizd DNA.

way for both .uclesides, dThd and Brdurd. The efiect
of FdUd on i,he incorporation of Edurd. in aulo§. to
dThd, has b€en demonstrated after short.t€rm incuba
tion for 20 min using the anti Brdurd antibody Gig. 1)
and aft€r 8 h Ning the BrCUrd,T{ EB method (Fig. 4).
With lons iDcubation times such as 24 h, the probability
that endosenous dThd is not replaced sufilciently by
Brdurd belomes quite si8nificant (Fis. 8, obtained by
the BrdUrd/H technique). For ]oq, Brdurd concentra
tions in the order oI0.5 and 1 rM and a densitv of0 7 x
106 cellsml. wp obtrined resulrs srmilar to tto* or
Brinkmann a.d Dijmer (5) wbo administered 10 !M of
dThd to 20 x 106 c€llsnn. Under thes€ conditions, the
incorporation of dThd and its analogue Brdud rises
with increasine Fdurd concentrations up t a peal<. For
very high FdUrd concentrations, both studies shos, de.
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Fr. a Brdtlrdllhßr.FamsolREH.ellsEhqln!'exponsnlrall) lor
'24 n at diferenl Brdtj.d ard Fdl:rd concenlralion§ Th' ab*iss3
.c.ii !,nr: ine blue H fluore{en.e, ihe ordimtu lhP Lequ'n'i$ TIt
u;rEr lefr pan.liilustraresih..onirol {rihoul BrdÜrC snd ldLrd l!

crFdsrne:ncorpo.alron o" dThd gnd:rs analogl" 'ub
sl3nce.;e"paclrv"l). l' lhF slLdv menliorPd abole' 'hP
highest inmrporation rate of dThd was seeD §jrhin rhF

{irst 1O min of incubation in the pre§en'e of FdUd
concentrations rangjns b€tween 1 and 50 pM Tbis is in
aoement v'rth the Pres€nt results.
il. *,*. for de.ie:..n. Brdu-d ,nto.pora, on ar .o"

Brdud and hish Fdurd ;ncentratjons' as compiled in
Figües 5 and T, has not been funher investigated \4 ith
hi;hei Bdurd concentrations such as 3 and 10 rM.
Fdurd further enhances B.durd incoryoration. but is

never inhibitory, not even at concentrations of 150 and

500 rM Gies. 5, 6). The most placible explanation lor
thisbehavior is sone competition ofFdurd\rilh Brdlrrd
for thc binding tx the dThd kinase and conlersion t! the
rpsp. , rr!e n onopho-ph"F f"rms. Thrs corpe' ilio'
*{f. b be _o$ and onlr -pmarl?ab'r $hFn ar excF"s

ofFdurd competes with comparativelv fes Brdurd nol
ecules. The present data indicate that Fdurd in appro
priate concentral,jon is of advantase for long Brdurd
incubätion times or low Brdurd concenlraiions in oder
to achieve appropriate replac€ment ofendos€nous dThd

by Brdurd. These two conditions suggest that. in anal

the orh.r.h.* h,stoEiams. the Brdurd concemrsn.n N coos!,n! rto

/M) and th. Fdurd co..enlrstion r.üeases r.om 0 /u hght uPP.
pinel \ia50 rl\t rleft loser panslrL lS0/M (nghL lo§erlanelr

os) to dThd (8,32,33), the nucleoside Brdurd is desraded
by the cells at a significant late.

Figue 7 fu.ther demonstrates that for very high
BrdL'-d conc,crra, iotu ..rcl' a" 300 /M, the ,n.orpord
tion deceases independently of absence or pre*nce ot
Fdurd at anr- concentratjon This is most likely a 'tnxic"
inhibition of DNA synthesis at high concentratio.§ of
Brdurd in anälo§' to the well-k.own "toxic" effst of
high dThd c.,ncentrations. This inhibition sas obviouslJ
not prevenied by the addition of deoxycFidine. When
the cells q,ere incubated {'ith Brdurd for 8 h. they were

supplied with this dThd analogue for a period of roushrl
609. ofthe S phase duration. Under optimum condiiioß.
areplacenent oI607. ofthe 2C DNA-thymine was rhere
fore to be expected. ln Figure 7 such optimum condj
tioß, approaching complete replacement of €ndogenoE
T.tR synthesis by B.durd incorporation, de onlv ob

kn'ed wjth BrdUd concentrations of at leasi 10 rM
tosether with sulficient Fduid, or §ith a Brdurd on
centration alone ranging bet§een 30 and 100 pM The
upper nontoxic concenträtion of Brdurd My be differ-
ent for different tissues. Mulherkar and Ando (27) re
port d that as little äs 10 AM $a§ toti. in the \äK
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leukemic T{ell line. The addition of Fdurd ma} there
fore help to overcome this cFotoxicity bJ allo*ins a

reduction of the Brduid mncentration. ?his also applies
to the experinental design by Xubbies and Rabinovitch
120). eho incübated ihejr cells wjth 1.500 AM Brdurd in
order to achiele maxinunr quenchjns of the Hoechst
dye in long.term experiments.

ThF incoryori on oi Brdurd in shon L"rm cxp'ri'
ments ßis. 1l reached its peak in the middle ofthe S-
phase. This flow cytometric result, oblained i. the pres-

"n"p ol Fdi rd, r. qurrF compüdbl. to rrp qudnli.tire
"utorad;oe-dphrc ",**,"..",. 

*.ng rac aT'.d pl.s
Fdurd (12). Thus. two different measuins techniques
using either dThd or Brdurd yield the same results.
Fül1hermore. it is comparabl€ to flo{ c}tometrjc results
obtained by Doibeare et al. (10), §ho also used Brduld
but omitted Fdurd. \I'e therelore conclude thai the ratio
of erEyme activities for the de novo synthesis and sal'
vage p3thsay ofthymidine monophosphat€ formation is
constani throughout the S phase. It has been shosn by
Brinkmann and Dormer (5) that ihe pool of endoge
nously synthesized thymidine mo.ophosphate had t be
emptied before maximum incoryoratjon ofthe sdminis
tered nucleoside can be expect€d. According to thejr
protocol, a preincubation with Fdurd lasting for 5 min
preceded the incubation sith Brdurd. The reduction of
Brdurd incorporation at the oNet oIDNA s)'nthesis, as
obseNed by Ca§ood and Savage (61, may thus also t'e

Complei€ replacement of nes'].'- synthesized dThd by
exosenous Brdurd has the advantase that the BrdU.d
incorporation rate becoBes a reliable measure of the
DNÄ synthesis rat€. lt night be arsxed that complet€
repla.ement is .or necessary as long as a constant frac
tion o, newly synthesüed DNA th)-mine is replaced by
B.dUrd.

This is tlue as long as complete r€placement is not
rcquired for a complett quenchins effect. Hoseler, it
has ben shown by Dörmer et al. (1.11thal elen in the
same cell lineage such as erythropoi€sis of the rat, the
fraction ofthymidine monophosphate contribut€d by the
sal!agepalh*a) decr"äs.sc, sidPräbl) u l^ i1 _F.sing

maturation ofthe cell compartments. ln the presence oI
10 AM dThd pr@rl'throblasts. basophilic and poly.|Jc
matic er]'lhroblasts shoi'ed fractions of s3lYage path
*ay contrjbution of 0.78, 0.53. and 0..1, respectiv€ly. lt

stant activity of the sah'ase pathq a! for dThd or Brdurd
monophosphate cont bution is tu make it approaching
100q..

We thi.l< thät blocking the endogenous synthesis of
dThd with Fdurdwill not only improvethe quantitatile
BrdUrd technique in cell kinetic studies by flow c)'io
metry, but mäy aiso be useful fo. the measüemetrt oI
proljferation kinetics s'ith Brdurd labeled cells aft€r H-
fluorescence staining (9,22) plus Giemsa stainins r30)-

In this conter.t. it is not€worthy that the application oI
Fdurd for the inhibition ofendogenous dThd synthesis
is a routine procedure in caesium chlo de buoyant den-
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sity stodies usins Brdurd (34). It further has been rec
ommended for the scintillation counting of hot Brdtlrd
incorporation i21). It appears, ho$ever, thät this proce
dur€ has not been utilized by others.
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BECTON DICKINSON - Ir.munzytometrische Systeme
Tul lastr. S-12
D-69 0 0 Heidelberg L

re1. 06221-305- (0 )-201
A- Raffael

(CAI,IBR. DOC )

29.5.86
(Heidelber:q)

D.Recktenwald (Mountain View, CA )

überprüfung der zweifarben-KgnlEnsation g4d der Geräteeq)f inattichl<eit
nulLd-LrEx-

Eür reproduzierbare und vergleichbare Ergebnisse dur:chf 1uß cytometri scher
Messunqen besonders-im medlzinischen Bereich lst es wichlig, die Geräte-
sensitivität mrt einer anwendungsnahen Methode r:eErelmäßig zu überprüfen.

IiIATERIAL:

-o 

caliBRrrE (Becton Dickinson, Kat,Nr. 95-0002)
bestehend aus nicht fLuoreszierenden, !luorescein- und Phycoerythrin-
konjugierten monodispersen Mikrokugeln (Durchmesser etwa 5 pm).

o Trägerf Lüs sl gkeit "Sheath fluidrr (Becton Dickinson, Kat.Nr.2520)
o Durchf lu ß cytometer: (FACStar, FACS Analyzer, FACS 440)
Hinrreis: Eür FACS Analyzer (IlLit CONSORT 30) ist ein spezielles Softlrare-
Paket erhält]ich-

vorbereitrpq der Testlösungr:
Je 1 Tropfen der 3 F]äschchen lvorher gut aufschütteln! )

Trägerf 1üssigkeit mischen.
ln 3m1

vorbereitung des Durchf lußclrtcmeters:
ffie
thr in-Fl uore s zenz (PE) optimlert sein.

ElTC

1 B? 530+15

I
<-I

I
SP 560

57 5+1 5

PE

BP

von ELuorescein (FIrc) und Phycoery-
Eine geeignete Fi lterkombuation ist

Die Fluoreszenzmessung muß mit
lograrithTischen Verstärkern
-'d -nr.prechend dor C.rär6ar-
lreisung durchgeführt werden

SP: Kur.zpass-Fr lter
BP: Bandpass Frlter

Fl uore sz enz -Emission

MESSUIIGEN :

1. Kontrof le aler Steigung der loqrarithmischen Fluoreszenz-Verstärker :

Über eine spezielle Meßanordnungr wird für beide logarrthmischen Eluo-
reszenzverstärker die Anzahl der Kanäle einer Logarithmischen Dekade ermit-
telt. Diese Prozedur ist beim FACS-Analyzer,/CONSORT 30 entbehrlich, da ein
entsprechendes Softlrarepaket verfügbar ist.

o ILuoreszenz-Kompensation abschalten
o FACS-Analyzer: Testpuls einschalten (Prinzip: gepulste Diode sendet Licht

auf Photoröhre). Bei verschiedenen Photoröhren-Spannungen lrird sowohl mit
linearer a1s auch logarithmischer Verstärkung die KanaLnumrner des Signal-
peaks in Tabelle 1 eingetr.agen. Die Spannungen sind so zu !.7äh1en, daß bei
finearer und lcgarithmischer verstärkung das Signal zwischen Kanal l0 und
Kanal 250 erscheint -

BECTON D]CKfNSON - CaI1BRITE Seite I



o FACStar: FIrc- bzw. PE konjugierte Mikrokugeln (CaIiBRITE) bei konstanter
Laserleistung messen und analog zur Anleitung für den FACS Analyzer die
entsprechenden Kanalnumrnern notieren,

Tabel le 1:

PMT1I Spannuns (V) I I I I 1
für --------------+---------+-- - ----+----------+----------+
FITC linear Verst. I I I I I

--------------+--- -- --+-- -------+----------+ - ------+
logar. Verst. I I I I I

PMTI ) Spannung (v) r I'III
für --------------+-- -----+----------+----------+- - ------+

linear Verst. I I I I I
--------------+---------+----------+--------- +----------+

=====:===l:Z-==::::1=1=========:==:======1======:=:==========1
Verstärkungsf aktor:...... .l' pMT = PnoLcr.ltrpli-L ' -oe \Photoröh-er

Berechnung: Die Steigung der Geraden aus der Auftr.agung des logarithmischen
Kanals gegen den dekadischen Logariithmus des linearen Kanals rst die Anzahl
der Kanäle pro Dekade. Für EITC .....-., für PE ..--...

2. Kotrq)eosationseinstel l ung:

o ggf . Testpuls abschalten
o logarithmische F I uores zenzvers tärker einschalten
o C al iBRITE-M] schrlng messen
o "LI\E-GATE" auf monomere Partikel einstellen (über volumen bzw. Licht-

streuung )

o Pi -StrElmung so erhöhen, daß auf der korrelierten Punktmatrix (PE- gegen
FITC-F l uores zenz ) die ungefärbten MikrokugeLn im Meßbereich a1s Popula-
tion erscheinen.

o Die KoqEnsationseinstellung so lange verändern, bis der Rotanteil der
Fl uorescein -konj ug ierten Mikrokllgeln gleich is]- dem Rotanteil der nicht
f I uore sz ierenden Mikrokugeln und deri Grijnanteil der PE-konjugierten
Mikrokugeln gleich ist dem Grünanteil der nich]- fluoreszierenden
Par.trkel:

CO}IPENSBTI ON

(t e)

FL2

(r

(?a

FL2-----)

rL t.
r rC) FLI

(r t16
Se

)
1t? 2BECTON DTCKINSON - CAIiBRITE



3. Enpf indl ichkeitsrEssung:

Obigre Elnstellung beibehaLten .rnd Hislogranm aufnehmen- Den Kanalmittel\rert

(?6)

D

FL2

der ungefär.bten, EIrc- und PE-konj ugier.ten Mikrokugeln errechnen.

tt

o Kanaldifferenz ermitte 1n
(auf 256 Kanäle Skalenbreite
beziehen ! ):

FITC (B -A) ,.....- Kanäle
PE (D-C) .-.-... Kanä]e

o KanaLdrfferenz durch Kanalanzah I
pro Dekade (s.Abschn. 1) dividiert
ergibt Auftrennung in Dekaden:

c

a fl 1 B (f trc) Frrc ....,. Dekaden, PE .. -.. Dekaden

Abschälzung der Geräteempfand I ic hke r t über Tabelle 2, Aus dem letzten Bllch-
staben der auf den Fläschchen aufgedruckten Chargenbezeichnung (LOT-Code )

lrird aus Tabelle 2 der So11wer.t der zu erreichenden ceräteempf ind 1i chkeit
(mrnimale Dekadenanzahl znischen ungefärbtem und gefärbtgll Mrkrokügelchen)
in Abhänqigkeit von der Fluoreszenzintensität der Mikrokügelchen ermattelt.

Tabelle 2: minimale Geräteempfindl ichkeit

LOT- min.Auftrennung I LOT- min.Auftrennung I Lm- min.Auftrennung
code in Dekade-n r code ]l ?"t1."______:_:g:,,_ll o"E3:l_____

A 2.95
B 2.82
c 2.14
D 2 -51
E 2 -44
F 2.31
G 2.LB
H 2-05

r r 1-93
I J 1.BO
r K L.61
r L 1.54
r M 1.41
I N I.2B
r o 1.16
T P 1-01

r Q 0.90
r R 4.11
r s 0.64
I T 0.a1
r u 0.39
r v 0.26
r w 0.11
T

Die Skala ist lvegen Unsicherheit der I l uores z en zquantenausbeute empirisch
bestrmmt. Sie stellt sicher, daß Zelloberflächenfluoreszenzen mit einer
Empfindlichkeit gemessen lrerden, die nur durch die Ei genf I Llores zenz der
Lymphocyten begrenzt ist.

Tabelle 3: Zusammenfassung der Ergebnisse:

BECTON DICKINSON' CaliBRlTE Seite 3



BECTON DICKINSON
Tul lastr. S-12
D-6 90 0 Heidelberg
Tel.06221-305-(0

( rMx . Doc )

29.5.A6
(He1delber9r)
(Mountain Vlew, CA )

Ilrtrume üonitoring mit tleü Dil,iUNE MONITORING KIT an peripheren
rcnonullearen gl]manleu]<oclrten

EINFÜHRUNG:

Der Innnune Monitoringr Kit lIMX) ist ein Testsystem, das die Anteile imuno-
logisch wichtiger ZelIen im peripheren Hunanblut, lvie T-Helfer, T Suppres-
sorlymphocyten/ B-Llmphocyten, aktivierte T Ze11en, Monocyten und NK-Zellen
bestlmmt. Die Zellen werden mit Eluoreszenzfarbstoff-konlugierten spezifr-
schen monoklonalen Antikörpern grefärbt (drrekte Zwei farben-F I uore sz enz )

und in einem IACS Ana L yz er-Durchf I uß cytometer (mit CONSORT 30 Auswerte-
system) gemessen. Eine Untersuchung, dae 4 Messungen mit speziellen Anti-
körpermischungen urnfaßt, ergibt 13 Ergebnisse, die automatisch berechnet
und ausgedruckt \rerden.

B-sonderhe i!en o;e.-s Sys -ns:
- automatisches Setzen von Aus\dertefenstern
- Unterscheidung der Monocyten m1ttels FITC und Phyc oerythr rn-kon I uglerten

spezif ischen monoklonalen Antikörpern
- Computer-unterstützte Messung, automatische Aus\rertung und Dokumentation

Bedeutr.rng:
Immune Monitoring bei AIDS, nach Transplantationen und viralen lnfektionen.
B!s. T rrg o-_ \,ichlioer CDB L- r--- T-L\ pno "-rsuopopL'aLio',

}4ÄTERIAI:

o vacutainer Blutentnahmeröhrchen 10 m1 mit EDTA
(Becton Dickinson, Kat.Nr- 6457 )

o LeucoPREP ZeIlseparationsröhrchen (Becton Dickinson, Kat.Nr. 92-0007 )

o Kolbenpipetten für 500, 25 und 20 ul
o HBS (0.15M NaCI, lomM HEPES, pH 7.35, MW:58.44, 238,3)
o HBS-Azrd: HBS mit 0.1 * Azld
o Trägerftüssigkeit "Sheath f1urd" (Becton Dickinson, Kat-Nr. 2520)
o Kühlzentrifuge
o Reagenzröhrchen 15 nl, 3 ml (Falcon, Kat.Nr.2095 und 2054)
o lflmune Monitoring K1t lBecton Dickinson, Kat-Nr. 95-0001)
o Durchf lu ß cytometer mit Zwei -Farben_Ana l yse und Fluoreszenzkompensations-

einrichtung, Licht fr I terkofirbinat ion für Eluorescein und Phycoerythrin-
fluoreszenz lFACS Analyzer, FACStar, |ACS 440)

1. ZellpräIEration

1- LeucoPREP Röhrchen 10 mln. bei 1400 r< g abzentrifugieren und senkrecht
stehend lichtgeschützt bei Raumtemperatur bis zurn Gebrauch aufbewahren.

2. 3 m1 EDTA-haltiges unver.dünntes venöses Blut 1n je 3 LeucoPREP Röhrchen
pipettieren. Röhrchen l0 min. ber 900 x g und Raumtemperatur zentrifu-
greren.

3. Leukocytenring mrt 0.5 ml Kolbenprpette aus aLLen dr.ei Röhrchen abnehmen
und in ein 15-m1 spitzkonisches Zentrifugenröhrchen geben. Mat kaltem
HBS auf 13 ml auffüllen, verschLießen und 2 x schwenken.

- Innnunzytometrische Systeme

I A. Raffael
)-201 D. Recktenwald

BECTON DICKINSON - Inürune Monitorinq Kit Seate I



4. Zentriifugration Ll] min., 300 x q, a C

5. Überstehende Flüssigkett bis auf etwa 0.2 ml absaugen, sedlmentierte
Ze1len vorsichtig aufsuspendieren und lj m1 HBS-AZid ,ugeben.

6- Zentrifugation 10 min., 2AO x g, 4oC
7. Überstehende Flüssigkert bis auf etwa 0.2 mL absaugen, Zellen aufsuspen_

dieren und mit HBS Azid auf 1 m1 auffüllen._D1e Zellkonzentration solltebei einer quantitativen Ausbeute knapp 2xI07 ml betragen.

2. Direkte Ijmnunf luores zenz

1. Je 25 pl der Zellsuspension ln 4 Reagenzröhrchen (3 ml) pipettieren, mit,q", "8", |'^,,, ,'D,, o.Sc,-ifl:en.
2. 20 u1 Antikörpermischung von F1äschchen ',A,, in Reagenzr.öhrchen ',A,,.

Ebenso mlt Mischungen "8" bis "D" verfahren.
3. Zellen vorsichtig aufsuspendieren und 30 Min. bei 4oC lichtoeschüt7t

i t<t-o-er en .
4. Je I rn1 HBS-Azid zugeben, mischen und zentrifugieren (300 x g, 5 Min.,

40C )

5. Überstehende FLüssigkert brs auf 50 p1 absaugen, .je 500 ut Träserftüs-siqrkeit zugeben, Zellen resuspendibren und mit dem IACS'Analyzär ent-
sprechend den Progranünanweisungen der IlvlK-Softlrare die Messunqen durch_
'j'rr-' .

T.fel 4: R.f.rcnzb.r.i.i.

l;:k'h'foeur+ Funkrion d.r Subpopularion

Suppr.s.r/.!orornch. T.Lymphoc{.i

1l.rf.,.J.du... T Lvmphoc{en

r-3

l:-lr

richre. mmunEsutaro .i. SubpopulaLoi. Funr.

v.rhalrnis a.u.L.u31/Lu:a - t,3 - 2.4

MoiGi(.raDr.iL ai d.. mooonukLcaEn 2.0.n ti.gr zwßch..9 Lnd 25oh

T.r.l l: lnh,lt d.r R.ae.nzi.nnischch.n

F]IC

Tar.l 3: Beispiet ein.rAus*0rrung durch IM(-C.npurerpro:ramn

:
3

l +?

:

BECTON DICKINSON - Im,'nune Monitorino Kit Seite 2
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