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SUMMARY

A fluorescence assay with ethidium bromide (EB) for the evaluation of lymphocyte activation by
phytohemagglutinin was investigated. = Optimal assay conditions were as follows : peripheral
lymphocytes (3 X 10° cells/ml) were cultured in RPMI 1640 (1 ml) containing 15% allogeneic serum,
20 ug/ml PHA. The cultures were incubated for 96 hours at 37°C in a 5% c0,/95% air environment.
After termination of the culture period, the culture cells isolated by centrifugal force were resuspend-
ed in sodium lauryl sulfate (0.125 gg/ml) (2 ml) as detergent, then EB (7.54g/ml) (2 ml) was added
as a flourescent interacting agent. Fluorescence intensity was measured with excitation of 525nm and
emission of 600nm. The fluorescence intensity was proportional to the nucleic acid content, and gave
reproducible results. There was a highly significant correlation between the EB assay and *H
~-thymidine up take assay.
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4 2DOKRM Y v BREE(RERIE I Ethidium Bromide (EB) MXEXICHT 5D D EABBIEH Y&
L7,

ZDORER ) v A RERECIRE Y — L MiE R 15%%MN L 7- RPMI 164085 #® <, V v HREE 3 X
10° cells/ml, Phytohemaggulutinin-P #E20ug/ml, 5 %CO, 37CIZ TR A ME L Ui, BEERT
#wELOL, Ew Sodium Laurylsulfate #® (1.25 mg/ml) % 2mlbnz, &\ Ethidium Bromide#&

(7.5ug/mD% 2 mifn z 7o fiz, HETEE & Bhfed&£525nm, I E600nm ( THIE L, HEBEEICHA
THREBLIHNBEIE LRI, OB 3H-thymidine B h AL EE & BB 2R L1,
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TE R,
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) v ASBRONEACR GO EERRIERICIE, BER TRV v R BREFHCEE T HEL, Bt
MM TE (RD @ CE# X 7z Thymidine 75 & @ DNA FIERE O W AL EXBIET 5 HELD 5,
RZ 3N, BEME, BRELEEN LSO SCMBE DY, BETIEEN—RNLAETE L 2> T
WA UL, ZoONEIRFEFE Rl 2FHT 5%, RIKROEML T\ 5 ERRSE T il
DR HRETH B, 2 Dicd, FE HOI1982F I —RIRAZE U~ THAEELFBE R, G E hic DNA
£ % ¥ ¥ 3% Ethidium Bromide (2,7-diamino-10-ethyl-9-phenathri-dinium bromide) %58 EIC X
DEEEET LA EB¥XEYHARL, HEIhTVv5, BEFHBIC KT 2AREOB AL Y > TI9844F
CHREINRTWBEDLTH B,

ZEELILZO EB¥KEY 1 X CISHTA-D0ORBRISGERHBFL, 1 2R THBEHRAIEET
BDHLEADIDOTI CHRET S,

MEE L UHE

EERENMY | 1 ~ A BOMER AR (HE9TH, M35, AHE6.3~14.5kg) HFEH L7, IS HIE3 » AL
ER—&ETERL, BRMCEREZDICEDOTH T,

1) o RERS B ERAONEREIRL DR L~ ) v (20 u/ml) T EREERER (PBS) T
3fEAFL, HE1.0800 3mld Ficoll-Conray ZBEHIC TmlERB L, 1,040G, 305 fELE Lo BER, Vv
SRERBAERLASY, SBY v AR 1B PBS %, 208 3EEREY B VR L (375G, 104
B, ¥fz, Vv SHREBEROMEKE Y v BRMEYEEL, BE) v A RELYFAELRY,

]2 RERODITHE | BERIFELNCE -, BlD, BEERIIHREEH RPMI1640 (= » A48 ZH~«
KA KCHBREL, FAEWE &= v100u/ml, BEEA b v 7+ <A > v100ug/ml) ¥ X OFEEL
MmE (AfE7 — AVIMEE iy S BIRMmE (FCS : GIBCOR)) #15% Mz, 7T.5%FREF b ) 7 21T
pH% 8 U1:9£0.22um ® 2 v 75 v 7 4 & — (MILLIPORE #) T&8HE L7,

MR OTEES T -7 ) vV AABRFEEKZI0m] > ) = v 2 — P ELRNE (= 7 2) 21.0ml F 2458
L7, =4 b —< = v & LT Phytohemagglutinin-P (PHA-P : DIFCO #{) #®EBE CHR LD

(20ug/ml) %0.1mlinx, 5% CO,, 37TCIBBE LT, kzavite—nlid<=1 A b —2=zvDfbb
CIEEW A0.1m] iz, FRCHEE L,

WHSRBEDRITE | BOECTRE O B (XRET HOWREL, BEEKTH PBS 28 2ml mx B L, EECH
ELIY) v ARAYSELCHBEL, Bl IRk, 2,500rpm TLO4REEED LT,

Sodium Laurylsulfate (SDS : k3 b HED %0.125mg/ml OEE T PBS M L1c, SDS¥ 2
ml %V v BRI Nz, KEHEHE L e B30AMIRIEL o, kT, EB (SIGMA #) #7.54g/ml ©
€|&¢ PBS L7, EB% 2ml inz, #HL, AERELRARE LI, R oRLHEE» 5680
YEE (MPF-4:HY8) wTlIE Lk, HERC EB 0¥ EEELRAET 57D, SDS % & EB
%A ImMEEREMLAZLOXHAEL, ARCEIELE,

B R LB E 12T, TR FROMEMELD EB DLW HE LB U ICETH 5, FIFIE
# Sl (Stimulation Index) &KX W EH I W,

r—r
SI = L—1,

I, : PHA ¥RnEssE o 8 o8

I. : PHA EHRMBREORICHE

I, : EB D&XORHTRE

SH-thymidine B N iA &% | B5EK T 16870112 1 £Ci ©*H-thymidine (AMERSHAM # | HaHE
24.6 Ci/mmol) #iNx, BEEETH 7 4 VA —FA X — (ERLFEBRITE) Tty b L72.5emH» 5 &
74 n2— (WHATMAN #) Fiw ) v <BRE¥EL, PBS KX UERKTHEE LI, TD7 4 L% —
FHOVT 4T AL TARAR, ATEH (NCS : AMERSHAM #) 1ml #i1x47C T 1 KHEEE,
BHU T8, Wik v Lv—%— (ACS-1l : AMERSHAM %) 10ml /%, 3 HECEME> vFL —

X100
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vavawva— (1LS9000 : BECKMAN #) TR (dps) ZEIE L7,
£ B B #

[. ®AMBERE R
1. WEERERE K

) v EREEER (2 X10° cells/ml, PHA-P 10ug/ml, 72BffEE5E) & THOBIEERER I, Bk

ERBIUHHEEED A F v+ v E2ITRL
REEEYBE LT, THHFRSGE
{LDOBE R - TeBEOER A F +
vil% Fig. 1 wiR L1, MlaRS %
F 72\ EB DO AT, Bhd£490
nm, WXFEKE615nm T -2 %/RL
7o, BBEOEMIFEE & Eb
nnd PHA EHEMGITILE — 2 D3R
DHEC> 7 b L, BEBESEMNL T
W5 PHA BGIBITIRE 51> 7 b L
fco ¥ 7 FIBBEOS D ($hE
fLoRBED b D)IBKE L, Fig. 1l
R U846 TR %522 nm, #
Y E602nm Z 7 b Lic, FERORE
Rrbp, FELOCEVEEBOERI
B} B AT Sk & Bh#S 3 & 525nm, B
FFEE600 nm ICEDI,
2. UV VoERE L BOLEE
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Flucrescence intensity
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Fig. 1.

(a) (b)
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Wave 1lenngth (nm)

Fluomescence spectra of free EB (-+--- ), and EB
-DNA complex in untransformed lymphocytes (----)
and transformed lymphocytes ( ). Peaks of
excitation (a) and emission (b) wave lengths shift
free EB to EB-DNA complex of transformed
lymphocytes (arrows).
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Fig. 2. Relationships between num-
ber of lymphocytes and stimu-

lation index.
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Fig. 3. Effect of number of lymphocytes on stimu-
lation index with PHA. Each point repre-
sents the mean and standard error.
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B xofifaicoy v EkEE (PHA-P 10ug/
ml 7590 12 Xk ASIEDZEA(LX Fig. 3 wRd@b T 2000
Hote (n=9), F\ SIfEX 3 X10° cells/ml &
wmclEbhis,

2. PHA-P EE

PHA-PREDOE D V v <BREFE (3 X10°
cells/ml, n=8)iz X »20ug/ml T3 &\ SI{E
»E LR (Fig. 4),

3. REEEH

) v oBREEE (3 X10° cells/ml, 20ug/ml) &£
5 WOIEHEE I X O SI fHOERARYAEALIXFig. 5 R
THH TH-7 (n=5), PHA R X b #LE
FE (2485 0> B 96BRFFEI I o2 I S0 U, 120564 T )
FCHEMMA IR L 7o, STET2EFE Clk ¥ RV EE R 2.5 5.0 10 20 40 100
LT\ 7oy, 96 I iR 1208 R & B EZEZ D e v PHA concentration (pg/ml)
(P>0.05) fEZRL TV, Fig. 4. Effect of various PHA concentrations

4., WhNIE on stimulation index. Each point rep-

FEEMLRIEME & 2% FCS m v & ) Vo ER resents the mean and standard error.
HEEW (n=7, 3x10° cells/ml, PHA-P 20ug/ . OOL
ml, 96FFREIREE) Wil ic & & A, Sl kERMmE
T373+63 (m+ge), FCSIT115+11%k X X FCS 2

200

Stimulation index

]

T163+10% R L1, FCS B2 @evA@7—rm g | ‘.
L D EVEERLE (P<0.001), . hat
M. EB ##% & *H-thymidine RN A&%: 0l © 150 &
] E 200 g

Rl —DEHETY v BREFEEL (3 X10° cells/ g i o
ml, PHA-P 20ug/ml, 96RSRISE5), EB ¥¥iks* o 150 &
H-thymidine Bt b ;AL & & & L, Fig. 6 12/~x3 4 | o— o
BIE B e, HHBEERH T =0.82% 7R L, 0.1% 0 f 4 &
BRETHEBOMBARL T (n=20), 3

ol _, 1 I ! 1 4o ™
# = 0 72 120

EB 3, MBERMEERLLTEHE 2LBHO Incubation time (hours)
Do) — = fER Y A A A RYFED R & LT Fig. 5. Effect of different incubation
s M. B moRENY e G ety
HiE L, EB-BBEE SR I h B, ) v only medium (0), and stimulation
Bk DNA % EB HYEEI X b EET S, EB index (¢). Each point reprents the
WYHIZ X B Y v ARG ELEED RIGE H BT, 1982 mean and standard errom.

Fize b )V ASRGFERAEO DRI, FILUWKREETH 59, BMEFIICH L BE T KIE
LD ADGAFINRYITH B LEBbh b,

WHREDORERERZ T 1O, Lo TRELSTVWAED, SEIOS XOEEIIe tOEFNEBLT
Bote, BBE-EBEGERNRAKOMIME 2R THEER, HXERCOWTE, BE4DESPREINT
BH1 ZoRRICOWCTEEER, HEEEE, pHa 23 EFohTw3™, v o TCREEORTEER
iz, B ELTTF v oMl DNA %, EB X Aldrich Chemical Company Inc. 8% #HEH L T\ 57, &
EOLREBCBREZCTHET 2B ERCRBERFUELYRETHIDFHREY v BREAMBLCFEAL TR
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b, 7 EB % Sigma BAH\TW3% -
fedd, ThODPERICEELLLD LH#
z23h5b,

-7 BERIBEBENEINTSECoh
THAILy 7 b T 50 BBE ORI
WEDORE ST A0, SEIT
KPR EY TR VBRI Y v
HERACT AEERZHRE L, X
BENTELEBRELLAITAZ ENE

)

20 F

10 |-

H-thymidine uptake (dpm, x10

EThh, ABERY X OBHE&BRED r=0.82 o
E— s BECAhELLENLEL b L Y = (0.21X + 2.4)x10
AT n, WEERRE -7 EE )

D7+ THEEAOHRNEF LY, L L L L 1
HoTHEDERICE TR 7 F Lk 50 100
FhE i £522nm, HIFHEF£602nm L H Fluorescence intensity
LR & FFice e, Bl &525nm, ¥ Fig. 6. Correlation between *H-thymidine uptake and
FE60nm *HEFRE L TAEYE fluorescence intensity of lymphocytes with PHA.

ML, BENY 7 b LTALBEREBREOHMMCHE VMY RL, SERELCEEYB 2 2BNhE
FaEichotcb o LHEI R,

BB, & bOOTIT1.25 X108, v o T4 X10MEE T, V v ABREEEAITAE IR TRD,
SEDA XRDORETS 2 XIMEIMEBEHAIL T, ChHbDZERIEBROEER I VEBEETS L
DEEZzLRD, SO, BEHEETHDO EBRIERD Y v SRELZ¥EEEIERECEFAL T3
B H10MEU T T 570icid, BEROYUNEMEORAKBEIEEMBROIELU T THAOT, BE
BALARED V) v SEREF10MELU T T 5 2 L0838 E Ly, SEOERICK T S EEEBBEO ) v ¥
1AL TIHEL TR, BORIHIETREN ) v BRYEC L AEBOMMEY FRICKBL T3
tEzZ bR,

41X TORKBERAESRERRBO T L e b BIV Y <~DFREGE KEIXRL, VvV SBREELELRE
KOBMmE LBEUL Te, EBMEEIEESFHFCEHEREZX L, REORAIBEEN PR LD 12T
Hotc, UL LEREORE ) v S HREEK, EBMYEEHNEELhIRENR O,

B# Y v RREBER e b LRI 3 X10° cells/ml TH-7eA, Zhik 3H-thymidine B D ;A RED <
7eAnAg y —ETBOCHAVCORT WS 1 ~2X10% cells/ml H~NEWEESTH -, 3H
-thymidine Bt D ;ALK BT, PHA FERINBEDO dps i, BAB LI OCHEEHLRH DD, 0%k
X v FHHLY, PHA HGinEoO dps MBI LAEVWEERT WS, - TY) Vv AREREBERIEFSVH
7, PHA HmBFcE A En5 Rl 3% < 72 b, *H-thymidine B » ;AL B X A HIBIEK (PHA &
¥ dps/PHA FEGHMBED dps) db@E< b &E2bh 5B, —7, EB #¥k Tk PHA HNEEOM KA
BEn) v HREE LHATEY, Zofd, PHARMFCIS W TEHWV SI #8513, BEERTOMEK
DESPINMEY) v A RBEOEENBHFLBEY R T EE2ONS, ChOLDOENHAUEEORE Y v
RREEDOEL LTHbR LD EELLRD,

SEIORE T, HERCHAE L HREBECFORIEFELLY v RMEYFELCEBORD Y V3
BETRLE, #-oTHRE) v HKREE 3 X10°cells/ml K514, 1 XDV v SBRMEIXT5%R1#% T
HB0H, 4 X10° cells/ml FIFEOMBBEE CHAETHER LSV SINBLhLZ Lick’, LHLRD
V)V AR L CBIRE B LE RS, b P FRERNBELCME CTOBLEL, S0
HORESHCI D FHY v BRMEYTFRAIL, MREELFEL LThEbiw,

REEERRENL, © P v ST TR & HEE L CURREER L hy, BMOLHEE ORRMNELE RS &,
FRRARLA8FFR > HOGRFRNIC T AT L, REAEC L » TR TIRIEBRICEL TV 5 ATk
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LT, L LB B RBE B L T\ 57, SI e — 27 & T 5012018 TH b,
X LI 4B R LT\ e, B, T2RFREAESEICE TS 1 X DSI(208+36) (X b F o4 L h KW EL 218
B ENTEREN -7, 1200 #E il e b OT2RREREE & IFZ L WST (395+36) #RL T,
CRIERBYC L pREE, BAMROME, ZTofE«0BER"DHELOLND, b &y D Sl ZHE
T5 & v b 382+79'7, v 443+1227C¢, Fi v o Tk PHA X b ConA (Concanavalin A) #Z AU
7B D AESI(498+165) R L TWLWAD, C BB Y RIGOBEKEDOI D Z L& R LT
500 Loy,

R OB A GBS IE R IH T 9L T 5 U D EFEBLARWSNLETE30083H B, Larl, O
FIER & X E W RERAZ BN L Tk b, FPERSAEEEBRE UM EHEET 5 0wx L, HERILT72RH
DS ERT O L e BETD L, FBERILRIOLOEE Y5 2 TOIAEEEND 5, 1 X LHFBIROE
AMNE SN D EEOBHADBULETHH 5,

FCSIZIZE L Vr » VERHBZLEBELALRT WAL, SEZ 220 m » FEFER LI, filh
LRVEENB ORI 5T, TOREND, ROV Vv ARGEARKIGIC E - T, 27 BVHEERTAR
Blee v bEETHEE 2D, FCSREMTHY, Bvomy F2BRTALDREBENTE I NI, BE
LTRIFRREI M EbLRES - A MFEOFER D bh b,

4@ o EB #¥#: & *H-thymidine B D ;AR E & OECAHBIE, b b v v LRAEA R BT HETE
X BGEALRIGORIENTRETH D & &I LT\ %, *H-thymidine B0 :AR L, HiN& s RI
DB, BHEIHEBCL > TRATHY, ZOZENEMFEEZEORB AR EELH 2 T\W5 &
EZx bhb, ¥ *H-thymidine B 0 ;A LB RI AW E T 5ERB ORI, EHEOKBRERD
Tl BB E L TRENDIDTH Y, EREINCEBEELYAE TS EB ¥ EOH»EASIEHIC
WHENOBEYRELT\W5HEE XD, &5i12 *H-thymidine B Y ;ALEXY EMT HBE OB L W HIK=e
%, FRICET LM, BF TohZet, BEEORMESITFHAL L ERBCRELREHEYE
Twb, UEDEIHESHD Y v ABRGEACRIGRIE L Z D EB BXELRABF X Ik Rl 2440
o T dDEEZLRD,
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