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APPLICATION OF SIMULTANEOUS FLOW CYTOMETRIC
BROMODEOXYURIDINE (BrdU)/DNA ANALYSIS

1. BASIC AND TECHNICAL STUDIES

Tomoyuki SHIMABUKURO

From the Department of Urology, Yamaguchi University School of Medicine
(Director: Prof. J. Sakatoku)

The precise in vitro and in vivo BrdU labeling methods and the optimal combination of HCI concentra-
tion, treatment time and temperature for DNA denaturation for use in simultaneous flow cytometric BrdU/
DNA analysis were investigated. An EPICS C Cell Sorter with computer analyser was used. 1) For
precise labeling of exponentially growing MBT-2 cells the cells should be exposed to 10 kM BrdU for 30
min. 2) For optimal labeling of mouse subcutaneous MBT-2 tumor cells 40 g of BrdU perg should be
injected intraperitoneally for 1 hour. 3) The procedure yielding the most quantitative results for DNA
denaturation was treatment of the cells with 4N HCI for 20 min at 20°C.

Under these conditions, reliable data were always obtained. In the future, this flow cytometric two-
color analysis will be applied to clinical fields and further development is expected.

(Acta Urol. Jpn. 34: 1339-1348, 1988)
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Flow cytometry (FCM) 1 X % 0 ABadhrE
FRFTIL, ek DNA S X->TiThh TE
Pl I DFHIT BIEE L SRECHERIED
h, ¥io *H-thymidine 7¢ ¥ DigHERMITEY M
WIERWTEUREDFIEEFL Tvb. Lo Ligh
b, BRKAF~NCHALLY ET5 KD L5 RTERT
NEFBEERREDD D, b H LTk
DA ENSNS. (VIR EORE. a8
B0 BT & hioy e b iR Z o JIFE)
BT RETH S, QB bNIRROMITICITEH
TR BRI G e e B oy, BB
R TE v, GHIRREIRE BN RE BT 5 6k
gL,

%8, DNA FicH Yk Fhic 5-bromodeoxyuri-
dine (BrdU, Fig. 1) @3 % €/ 7 r— 7 HUK

MR IR, Zofitky fv T BrdU ¥gad
B lickbh, FCM T DNA EEEOFTXBIE
THZEMAREE e otcs®. X Hi BrdU Him b
DNA &% RBHIZT) 2 &2 X b, DNA &HEE
DNA £ & 0Bk TEBMICIRZ 5 & & AATHE
Lo TEREY. LichisT, ZoFHi: DNA 4
ARFTEC R ), SHREBEVGERGA HGIRS
B, TOREL LTERN EFREOH S AERRY
BBEZENRIELINELL-TLB. ZDLIHE
mik, BrdU ik s DNA ZHEHc BT 5 &%
By« SRR AT 5 2 L, BHTERODD
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DNA [FRSEENTE D b O EREY) « BB RY
HRETS.
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5-Bromo-2-deoxyuridine (BrduU)

Fig. 1. Structure of bromodeoxyuridine

(BrdU).

R LMy FANFT S5 CER IR
< v ABEMBIT L Mkadko MBT-2 filaThH 5.
BE~YAEHMET RN TS5 MBT-2 il
%, UHECTHERE(LLUEBRCH L.

BT IL 25 cm? tissue culture flask (Fal-
kon 3013) % fiv 7. #%, 1EME0.25% tryp-
sin (Difco, USA) AEH T\, 95% air & 5%
CO2, 100% humidity Er#RRTRE L.

E#&W210% FCS fn Dolbecco’s MEM (KH&
B, KR A,

) In vive £ (REFA & MRE)

{#H L-EBEMiat MBT-2 #ifgs < v 2 QMR
L1210 gfaTH%. MBT-2 OB TOMKITIT
#iE C3H ~v = (FREMRE K. K.) A,
BE, v AEMECTESY 28R & wREEL,
0.05% collagenase (Sigma Co. Type I) = CHifa
SERITV, BB Uich L, 1 x 105 oMl
PEHOETCBHE L. L1210 flanfkie o M
CDF, =v 2 (FL) # Av, &% 18MEB <
AJEBA 1x105/0.2ml (PBS) oIEEMiasr e
L.

() BRMEEIC LB LEHEORED

HIERBEC Lo ey MEEMSEC TRE T3
1ode, UTOMBEIT -7, T7ibb, 60X15 mm
tissue culture dish (Falkon 3002) jzJiilg Ltz 43
— 75 A%EEL, MBT-2 iz 1 x104/ml o Bis
MRFERE LUBEL-H & 3 HRERL, *0%k
AR & ¥ f. BRELESBEE BrdU (Sig-
ma Co.) BHEBED 10 pM 1hed X 5FBE IR
TEERCERL, 07ME#R L. »-r52t
D#ifa% Dolbecco’s PBS (Ca*™ and Mg** free)
T, 70%% ethanol T04MHEE L. PBS
THHB%, 4N ERTERIOSHO DNA FHamE
YTok EEYESEREL, 0.1 M NaB,O; #ix A

8% 19884

WTHilar TSI L. OWT, 0.5% bovine
serum albumin X0.5% Tween 20 X b7z 5%
T (PBS 1w CHM) i T 100 f5ic FR S h i
BrdU %/ 7 v —3 Atk (Becton-Dickinson Co.)
*BRAT I BRIRG SR, 5I&5HEY, FGRRE
Tl00f5e F R hi FITC E#i~v A IgG #l
tk (Cappel Lab.) #Zi8 C0GHERIG €. Rk
2, 0.1 pg/ml » Propidium Todide (Sigma Co.
PI) T 140 DNA ¥ T\, HXEME T
etk BER s EHER (L) *BE L. HHEERR
2000l BE L CEE L. B BrdU %
GERGEERY VUSRI hClaE v, H&
2L ABOFETAR LBER L.

(2) BrdU ZEFAEBEMHGDIRE

#ahx¥% BrdU $BE, MiaEMEcErEr
BFE X T WIBE ThH o MO BB TR RE
Ththide b, COEBNBLENTEIITHHE
KT TORBET- 1.

(=) BEOKRS

75 cm? tissue culture flasks (Corning 25110) i
1 x 1058 o MBT-2 fifa%#BE L, ~NEHEMcD
54BR 58 (18 3 flasks) w5}, &£HOD
flask DIEHEE* FhFh 1.25 pM, 2.5pM, 5 M,
10 pM, 20 pM @ BrdU % SirEBWICBER LT 30
S Lk, PBS T2[EIBE&E, 0.12% trypsin-
0.02 % EDTA ¥ (PBS TFH#) w CHllas#xT
\y, 70%% ethanol CEEL, FCM BIE % C 4°C
TRAF LI

(b)) BHEs o

Ftfic 4 BEs#%o MBT-2 a4 5 B 4,
BrdU FHEEH 10 oM 275 X OCAB SR
BRCERTR IR 55/, 15508, 304/, 604
fl, 1207MIDEH A T-7c. L% (2 ) L AR
SERITVEE « REE LT,

(c) 5B

58O C3H = v 2 (17~21g) OFHWET
W1 x10°fE o> MBT-2 fifax ML, 2:8k%w 10
x10mm OKF S LI ERSEET B~ v A
58 (13K ot £BOEBAC 5peg
/g, 10 pglg, 20 pglg, 40 pglg, 60 pglg HHEOD
BrdU 5 Lich &, | BHBCESR USASYE
HLl BEbC A A0FNxZACTHEYIL, 0.1% col-
lagenase (Sigma Co. Type II) & T 37°C, 1 B
DHIRGHAE X T\, in vitro EREFHCESEL
®RELEK.
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(3) DNA ZHNRICET 3R

B X5 DNA Zpbmamiz, PI ar¥isg, CV
{, DNA Zfikh 5\ % BrdU/DNA 4z —v
CHEYRIETRD, O3 2O0KETHS (2 YE
¥, (b )MIEEH, (c EEE>WTLHUTOR
BwfTWRE L.

(a) ERMERE DR

5@ CDF <wv 2 (18~22g) EAR
1 X 10°E D L1210 fifaa B L, NEHMEIC S5
728FS B 40 pglg tAED BrdU % EEACH S,
| B B LKl 8 L. PBS wT2
ERRIESE R, MRy RO BR 7o 48 pm pore
size ® nylon mesh ZEBX¥, EELRELL.
A—=v2XbBbht 1 x10" @ oflrEE 10
ml OEWECHEL, —HEREL LTHRBRTHL
7.

£V, biFRER ON, 02N, 05N, 1IN,
2N, 3N, 4N oiEf: 2ml &g, %EE (23°C) T
204310 DNA ZEMMBET . BB ESHRE
#%, 0.'M Na;B.O; #% 10ml <2[H, PBS 1@
i LR BRI L. O\WC 50 pg/ml o PI 1=
T 1 o DNA H@ax T FCM T PI 0
YHEEXRIE L. Ibiciigtkic X5 DNA i
EATERNRDLIE,OR L 51, MBT-2
ETEFOREEMAEY A v2< A AB 27 ik
L.

(b)) ERELERE OB

BEEMiay k&L, Ththotr, b iz
4N &/ 2ml 20z, BESLEY 23°C ZRE—
B L CEBABRRY ThZh 5 20, 105/, 20
ofE, 404RE Lic. U#g(a)d A fmeEL,
AT PI OMHEESRIE L.

(¢) EREAERE O

R Bl E kR L, ThZho<v ., b
4N EFE 2ml inz, ABEEEZ205HEE—E
LT, ABBREY ThFh 4°C, 23°C (£ig), 37°C
Ll L (a) LAtRFRAEL, REaLXTW
PI B » JiIE Lic.

(d) EBLBEED PI-FITC 54i 5 — vic Kk
ETRE

EE(c o ZREABER EDET 5 RERE_ER
&%\, FCM T PI-FITC FBHIERT 7.

REHESE . Fig. 2 17 FCM BIE0 e 0fE
R _EREEOHELR Lic. —JIERAEYS:H
5 X 10EDMBIC 7eh X Sk Li-H&, PBS
C2EESRL 4N EfEY 2ml Fomz, ZRIT

d Brdu

Tumor cetl

Fixation

DNA strand denaturation
Neutralization

YOS v
N
g Rk / Monoclonal anti-~
4 BrdU antibody
N
{ .
FITC-conjugated N
antimouse 196G (D
antibody
DNA staining
with Pl

Fig. 2. Principle of the immunoflorescent
staining for BrdU/DNA analysis.

S

BrdU Content
(in log)

DNA Content

Fig. 3. A bivariate BrdU/DNA distribution
measured for MBT-2 cells immediately
after a 30-min labeling with BrdU.
Also shown are regions describing the-
Gy, S, and G:M populations. The Y-
axis is logiw green fluorescence of fluo-
rescein (BrdU content) and the X-axis
is linear intensity of red fluorescence
of PI (DNA content).

T204 0 DNA ZFHMBYT-k. EEXBREL
topd &, 0.1M Na:BsO; ¥ 10ml T2[@E, #\uT
PBS Tl@E¥EH LML PR L. 100 fEFHRN
BrdU #ifd% EiR T | BERE €, 2\ TI00EH
W FITC BEH_ kiM% ZER T 305 MRIG I ¢ i.
iz 20 pg/ml o PI ¢ | BEEIREL, FCM @
THE L.

Za—-H$q rx bMU— REHEEX EPICS C
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Fig. 4. Immunofluorescent staining of BrdU-labeled MBT-2
cells with monoclonal antibody.

Cell Sorter (Coulter Electronics, Inc.) &M\ 7o,
FHEXIIEE 488 nm, 200 mW o v — Y% A
WTITV, PI X b ofkE¥)E(L 630 nm-long wave
pass filter ML TCHEL, FITC X hoFEINE
{3 560 nm-short wave pass filter & 525 nm-band
pass filter A& THE L. ¥bic PI &k
FITC o3 xFFHZRE L, PI 0 BEHEE % il
= FITC odfampEsftiic & b, 64x64 chan-
nels D RITTEE bz dot plot & LTHERLIEK.
By CV EN2%BICD IO TR LIS,

| Beff 7 b 2 x 10YB DM OV THEIE L.

F— S8 : DNA SABTIESL 07 EY ©
BA\WTfT»7-. PI-FITC RFRIEIC X 5551 Fig.
3 WWRT X ow, THITER ECHlaE& Y B
THEAZ, TofiBAOMREY RS, 2HEMREC
NTBENRLhOEEE LTHEHM L. LI A
EREMIIC T 5 R aoE e L LTHEH L.

= g
(1) BEEHRKEC LD EEMHOER (Fig. 4)

HHBEHE TORE TR, B FITC X hoHER
BT TR Rl X h 2B & R e A
OIEEHBAAE R, WHEIBHCHEPTEI. Bk
BEMER T 2,000 B HIfas B2 CTHEE LB
D E|4 (labeling index ; LI)IX§35%THH, D
{Hix FCM 0 "R TEEEETH i LI L X{—
HLUTWe, WRECHEEEEER IR -MRe
SERBdBRigh -t

(2) BrdU E@WEEEOKRST

(a) EFAREEOH (Fig. 5)

FRC BT A FREMEEETIE BrdU @BEw XY
OB REEI S hote. 125 M 588 T
EVGRE TAE XA RFCS VT R A Ehic
BrdU *F4RIHTE, TRITH LT HEFTTEE T
Hote. REEBRTHEHLL LI REAEEENLL,
36.0+0.7% (mean=S.E.) TH »7:.

(b) ZEHEHmMOKE (Fig. 6)

Efhxes BrdU @E% 10 M L —Fr L5
A, EHMROFER M IEARERI el LT
mltc. 12043 % ToO R (T) LB a%%o
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Dot plots of bivariate BrdU/DNA distributions measured for ex-

ponentially growing MBT-2 cells labeled with various concentra-
tions of BrdU (pgM) (left).
between concentration of BrdU and mean peak channel number

of BrdU-linked green fluorescence.

(right).
120min
T
L
[ Sy
8¢ v
3s *
<
60min Smin
| @
30min

DNA Content

Peak channel

A plot showing the correlation

Bar shows standard deviation

7001
600+

5001 }

400+

— T r—r—
1 10 100
BrdU Labeling Time (min)

Fig. 6. Dot plots of bivariate BrdU/DNA distributions measured for ex-
ponentially growing MBT-2 cells labeled with 10 pM BrdU for
various time periods (min) (left). A plot showing the correlation
between time of BrdU labeling and mean peak channel of BrdU-
linked green fluorescence. Bar shows shandard deviation (right).

Peak channel number (N) & OBHE R THRS &,
N=515.760+1.017x T (r=0.825) & #/cAHEHES
Ric. BRE L1205 % Cit, KRB CEB LA LI
CAHBEMNEL, 35.1%1.0% (mean+S.E.) TH-
fo.
(¢) ZHEHE S BB (Fig. 7)

BrdU —[E A #5056, HEiflkofkEaik
¥AEEL BrdU 2% 40 pg/g AE ¥ TREOREFEK

HALTHEL, Thll ko BrdU %51 CHE
EYNBEDOEMI LTI Th 1. FREHTEE
L7z LI oIz BB £A7<,21.542.6 % (mean
+S.E.) ThH-1.

(3) DNA FHLRICET 3K

(2) BRI E OBRE (Fig. 8)

BEEREE 02N T PI MXHMEIIRE & i
L, DMgBESM T ORESE L. LhL CV
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Dot plots of bivariate BrdU/DNA distributions measured for

MBT-2 cells obtained from C3;H mice labeled with various

doses of BrdU (pg/g) for 1hour (left).

A plot showing the

correlation between doses of BrdU and mean peak channel
number of BrdU-linked green fluorescence. Bar shows stan-

dard deviation (right).

N
Cv=4.09
N g 1001
c
2N 2
v
Cv=348 -
[]
[
L 504
&
]

—e L1210
o—0 MBT2

00205 1 2 3 4

Concentration of HCL(N)

Fig. 8. DNA distribution histograms after a 20-min treatment with various
concentrations of HCI (N) and also CV value of each histogram

(left).

A plot showing the correlation between concentration of

HCI and G, peak channel (right).
®—©@: L1210 cell, O—O: MBT-2 cell.

EXFREMTAE IR VI eh -t ¥7- DNA
SHEEC S BBEMTRERTN L, ErBiF
IRfchTufe. L1210 §ifa, MBT-2 $ifa & f@ian
ERIRL-> TV Th, DNA ZHEAFIXZEAY
ERNILh o1
(b)) ERAERE O (Fig. 9)
BRAERELSR L fehioh, Pl MERERR

FaLic. JERRT40 5Tt CV Ep\ bR A X
7e-1eh’, DNA SEHIIEERARZT AT -
7.
(¢) ERABRE K (Fig. 10)

ABBREN EAT 5o PL BMEHEII ML,
#e FITC MEMEIMRLL. Thdx A—EHT
EeERFTH Iz, 4C AEBAC S\ Tik photo-
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5min
CV=458

10min
Cv=529

1004

20min 501

Cv=516

Gy Peak channel

0 - . . .
40min 0 10 20 30 40

CV=594 Time of treatment (min)

Fig. 9. DNA distribution histograms after treatment with 4 NHCI for
various time periods (min) and also CV value of each histogram
(left). A plot showing the correlation between length of time of
4NHCI treatment and G peak channel (right).

E 100
[=
a
£
5]
E 4
]
@«
a 50
é&
o 0 T T T T
Cslecsa 0 10 20 30 40
Temperature of treatment(°C)

Fig. 10. DNA distribution histograms after a 20-min treatment with
4NHCI at various temperatures (°C) and also CV value of
each histogram (left). A plot showing the correlation
between temperature of HCI treatment and G, peak channel

(right).

BrdU Content

37°C 23°C 4°C
DNA Content

Fig. 11. Dot plots of bivariate BrdU/DNA distributions measured for
exponentially growing L1210 cells after a 20-min treatment with
4NHCI at various temperatures.

multiplier @ voltage %95 % ¥ i huic RAEMCH D, T 37°C MEHC K VTHLAT
bighote. BESEATZR2H CV HRIXEL BHote. LoLEFEDL DNA SHEBEHRIFC
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Fich T,

(d) MEBiEED BrdU/DNA Sfaic BuETH%
(Fig. 11)

RAMFERER L 3 BrdU/DNA i~ 5 — ViL R
FRCRich, CRTTER ECORTIES Th -1
Z D=FRC BT B MRREEAENTRS R IEELL,
Go/G1=369 + 2.7% (mean+S.E., LIF@EkE) S=
58.3+2.6%, GM=4.9+0.1% % LT LI=55.9+25
% THot.

% Z

S5-bromodeoxyuridine (BrdU) (% haloganated
pyrimidine analogue T, % ¢ pyrimidine B0 5
DFZED CH: EAEKRFEE L kit xH
LTv% (Fig. 1). BrdU ##&F Ti2. DNA &+
DL thymidine & BrdU & #XB|35 & &t
TEY, BEBYBENT»—EHFL LT BrdU L4
DNA $AEHAATLES. BrdU % HIAAE
ffao DNA ##oHnc e e, WMhR Fhic
BrdU #ZFH L TH BrdU =/ 7 v — F A Hifk%1{E
RA2E 5 &, FFIHRNC BrdU LEEAT5.
DNA ZteEs BEicEBiy, “EH DNA Ao
BrdU ik Z o HfEIIRIG LAV 1 HThD. =0
B Hic FITC #B# L kY EAIEs &,
DNA Pz BrdU #H DA AKHBBITGEMEy
ETHXHich. Zhic &g DNA coiEEs
3% PI T DNA Lfa%x1T\, WHEME CHE
T5& Fig. 4 X 5ics. Zolf BrdU g%
Zlch > I BET, BEMTER S hicHlri4
KBDbRIEM o Lix, Zoh#s BrdU i
LTE specificity #F LT EXFBRLT
5. Lich-> T, ZoffFcTtiESh -
13, ST BrdU %HhidA7i DNA SHMHIH
LEX BT EMTES,

LA L7eh s, BrdU (3 thymidine L1387 b,
DNA ~ERDAEh 2@, ¥k OEE ClExs
s I TR BRCERYIBL. cozirs
EFECTFAVDEDOERTERBRAE LTHES
nTuwie. ¥ BrdU 2% BHlGCER 25 &
ERFROMESLIMHL N S, MiladE LT#
EDHEY L HB. Lichl o THIKIRITEAE~ D B
AL THRT B HIIE, ZOFERE S X OB
BRI Lt 3 udis s fsu. bhvbh 2t
colony assay & FI\THiE LIcfER T, 20 xM o
BrdU REET C 2 M§LEH Lich & Th, MBT-2 4
fan = e = —HREL = v+ e - ARECE A

TWwie?, ZOERERT BrdU gy 20 M LU
T, $#EMER% 2 BRLIPNC T, MIfEEARICE
F8% R Xtz Loy BrdU B CHROEHN
THETH b, B AR 5 o Mias o
FlexBsBe &, BrdU Hibw & »BE2ENH
CIXERCEB L RBRLTCVBEELDND. %
7o BrdU MBEEOHRFFERLD, 10 M Higko
BrdU & C303 ST, FTeowk FCM %
TR O R e ik TTEERE | T o MR Eh R AT
WERETH B Z &b, bhbhuld in vitro OEE
OBzt BrdU BE% 10pM L, 3050
HToT5., BEETRER 125 xM LWL58BHT
EV-i&ED BrdU Lot Td, FCM % FHV-THE
BAROBESLENNATRETH-> ek W5 L& TH
B, Tz kit, o BrdU Hifkx Av-5 HEHN
B\ sensitivity # LTV AZ & %FEBE LT 5.

BrdU oIS B3 A HEER Tk, BrdU
& OFEMIFRES X b RVIEEE, TibbInE<D
B0 BrdU #E0AALEHZE X b BRI
ExR2LTs), ZoEEFIEELACEDHEREN
B i, Gratzner 2 Dolbeare 51, #{ BrdU
£/ 7w —F 183 BrdU & stoichiometric &
BETH&E FITC X hoZeYCHEERTRyA
FIhic BrdU BT 5 L8ES® LTxb, 4
BIOXBHERL DO LXBFTHIDOTH-. &
7z, Dolbeare Hi3{¥A 3 HRDEHEBEEICER VA ¥
flc BrdU THHHTELLHFEY LB, 40
DRRCIHEEIFEE S o ECTH B A, prelimi-
nary 7eEBTIE 2.5 M0 0 AP ER biA ¥
i BrdU CHERMATBETH D Z LR LTV 5.
LOZEL, ZOFFENIED THKRTREDSE S
ETHBZ L EME->T5.

In vitro Wk} % BrdU EHFHEBORHALT-
LRBERN b, <Y AT 5EFREET, 40
rglg HETHB L 2 bht. Nagashima 535
o MEEEEE e A w G TG 2TV, Imglkg (7
mg/m?) @ BrdU KEREPY | G5 C & ESERO R
HRTATEETH > 7o LMED LT\ 5.

BrdU/DNA “&E#amtedicit BrdU i
HOHEE DNA & Pl Ffanicno" @& DNA
BRETHD. Lichi-T, BEELERHOS LN
TEREREB B IdITITHEIET DNA ZrM B pi
ETH%. DNA FHEMEEL LTI, 1)ER 2)
formamide, 3)8, 4)ThbOGAIC X5 Hkrgs
TRTLBSHOD, ZOHT, B\HEY AL 2 Hik s
Itk ke S MRS < A A FICERI L, SR o
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BERIPEL, BETL VS ofEOMIRICEHA T
XHHEBERLTCWAS. L Linhih, HBRAEOE
BEEPEL IR ERE VY. 22 THEBAED
EREMHEE L DT, BRULE, NBRESEZ L TR
BED PI @XHE, CV {E, DNA S%HiH5\
% BrdU/DNA 5342 2 — Vi BUET 8% i i
L. '

MEBE I X ORISR ER (23°C) » 20 R &
—EE L, BERMFEEL THRE L KRER (Fig.
8) 4%, (EMEEMAIITE PI 0¥ ML L
PULAHRL, HREEBUECIBS TR L%
ARLTWA. o PI MEWMEOETN:, Sk
f4LER TiX histone 23¥EH L, PI © DNA HEH
D intercalation 2%, BHIEEAIE CIITESN
HRE DL bR PI o intercalation 3
BAIdEELLR TS, & OMGEMIERED <
Sy PILL, BNREXEBSOD S bt
By, CV lHAKEL bW R YK WT,
5L BREOHMNE 41T - 1. AN EFTH 5.
UL, »%0ERECKEMBAE CIIMEHT &
A—UhAEL, ¥ CV {HEbKE{7%tbh, DNA
DHTERAAEMTIcS. Lichi->T 4N B0
FAEAAS LI EE 2 b h . Yo L1210 jifa,
MBT-2 #ifd & b IIERABEO » — 7E BT BT L
Iy, ®WeLTHMAEDEGE XBEREEDELD
FhREL T LRI R,

NERE R LOCRESRMFE 4N, ZRE—EL,
AR R E . THRE LicER (Fig. 9) T, MB
K205 % ik CV fHk X8 DNA Ffisx—v
RELAFECRTEY, Th ) EoMERHE Tz CV
EIAZ o Tnic. Thbh, ZD&MHT T405
LSBT 5 = L1 DNA SHBWHEEXTIE
W T A TEERDH B Z LR LTS, LichiaT
20432 L 30 M DEBAE L HYE LE 2 bR,

MBBIREE 35 X ORISR 4N « 20 5R)E —E I
L, AEREAE 2 TR LR (Fig. 10, 11) X
D, 37°C LB %\ Tit DNA 445, BrdU/DNA
i — v &b IR R TwIedd, bk
Z GV fEixRE L toThric. Fie, 4°C UBICE
WM EEE SMEL, RREBICRETH - .
Thboz bink, 20°C FikHAEHEAERE L E 2
bhic. AEOERER LY, ZilEMAGEIE
Ef 4N, MBS0 0, ARIER 20°C ThoH L H
zbhic, OEBABEY AV T ERELTOIE
CEELT L, EBABEOD LB RS RRL
HWte pH MR THZLTHD. ZOZ LD\

TGO DRMSUCEELWL'D.

D k5 DNA AR EmIRE, JIRRH,
MERED B LM X » THIDCBEI R TN
LRSEMT CERMB LTI L b, RIEHED
WS TIERERESE b, L Lichin, HHaRE
BeToMC#EY). DNA ke LTHERTE
BERBBIRG. Lichi- TERM: - FEEOHHME
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