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Abstract—In vitro somatic mutation induced by y—radiation and pentachlorophenol(PCP) which
is representative of chemical pollutant was measured at the hypoxanthine—guanine phosphoribosyl
transferase(hprt) locus in human T—lymphocytes by a cell cloning assay. Mutant cells were selected
by their ability to form a clone in the presence of purine analogue 6—thioguanine. The mutant frequen-
cies by y—irradiation to a dose of 1.0 Gy, 2.0 Gy and 3.0 Gy were 40%, 400% and 750% higher
than those in controls. Significant changes were not observed in mutant frequencies in the 0.2 Gy
and 0.5 Gy irradiated groups. When the doses of PCP were 15 ppm, 25 ppm and 50 ppm, the mutant
frequencies increased by 30%, 90% and 520%, respectively. No changes were observed in the 10
ppm treated group. Similar types of dose—response relationship were shown in the two different
mutagens. Reverse transcriptase/polymerase chain reaction technique(RT/PCR) was needed for the
mutation spectrum to discriminate combined exposure to radiation and chemicals.
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W& AME-8le] MEe) 274 A7l 0—-3.0 GyE ZABIAL, PCPE MY 27PN HFF=
0—100 ppmZ 24A17t Fo3tgth £l EE 6—thioguanineS 3] 3o ME7} A3 5
gog BEFalych WA 28 SddoMlsE 10 Gy, 20 Gyst 30 Gy AFlA dixFH &
40%, 400% 9t 750% Z71SHAI 02 Gyt 05 Gy AFolAMe #A4 e dsvt A}k PCPE 16
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& Agol AFRE Aold F E9do] 94 BF HAE visd AF-n¥uE oy, §FEA
EAEe] EgaToAM EFuo] 98 FAEI AsiA= AHE T—cell hprt clonal assay, 3 reverse
transcriptase/polymerase chain reaction(RT/ PCR) ¥ direct sequencing®] |3 mutational spectrum®]

2 gol aFHUAh

FHo : AANXE EFdo], Zol4, pentachlorophenol, hprt, T— & Z 7 X, 6—thioguanine, EJ¥o]

e, #3484 5348
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BE8H A H(bioindicator) @ WA ¥ FAE
AEAA ] Zo wel BEAYANA LA=E o
mg Y] 2 Hej 3 H@3k(physiological and morpho-
logical change)5& AATTH1] o1ad WAk
Zof st YERH AFE= N2 5 A cytogenetics)
2 F9 % (immunology) 39 SHE A W) A4S
Hol wet g BFgeA A7HolA . 54l
wel E4aset g4 5o Aoz FHEdA L
B9 ol &7 dad2]. A (nucleic acid) & &
Asle Z2E de novo pathwayES A <Jshad AU
pyrimidine A4 purine AEE A A= sal-
vage pathway”} =0 oj7loll B8l &7} thy-
midine kinase$} hypoxanthine phosphoribosyl tran-
sferase o|th

Hprt A X—gA40) xsin dabke) g
4€ 9130 hypoxanthine(guanine) & purine mono-
phophate El2 AYPAI= 48 P8y o) #
HAAE 28432719 purine $AHA 53] 6—thiogua-
nine?] EA3AME T} 4FF 5= YA ok
o ppnt FANE UL E YAHLJAETE ¥
A3}7] 9% wido 2 Ned T~cell Aprt clonal as-
say[3, 415 Ed¥o] AX9 E/l 4z 1 ¥
A&AQ v gz L L AHoz A3t PAA
HE@ak ol gutdez oy 71X FHSAE
2 ko g AT AHZ A &S B
dom HAZ Bz JYZFAELE ARt o
ZA&AE(5]e dAdez WALASRE A e
4 AR EHAY. 4 BFEHEE F, 53] WA
sZo] PG AR MLe] wie Fodos AL

FX9 Atdolth, WAl g HES HAF Bt
shedl 7HE F8¢ 3 AR AdFe] A o
Zx ZAE & dod 4 AAYE e 83
E48A9 49T TEY F U 38A A
Z& 7HAe 7P o133 30l 27 H ik
29 PCRY &g& T—cell clonal assayS 3 @7
WA A)7)e], RT/PCRY 2% %= genomic DNAS]
FEd] 213 mutational spectrum® FAHoZ WAl
A& u2g BHENELY JYE FE= YA
4ol 7FesA =AUtk

E A7 WAL ZAte) ik T—cell Aprt clonal
assay % mutational spectrum$ ©l-8§ AEE3H
AE AY B4 g wApdd g gdueldd &
FEY 5o ATE AF 7128 2A 4 P
LE9] BEAT] dEFHo 2 ALEHY, Hx B
A $HEF= dFHL, vnd FF {FASYE
Yehe Aoz 48R 383 FRSJEAQ PCP
[61el 2% 2¥4 uldAg Fze EdRolE &
st wag ol

Az A Uy

HE 3 MZULEEX]

Ayl A2 FE M X £ E 3t 36419
gt A YA T—cell WFE 3te] 7w
X 24 RPMI- 1640(Sigma R—5382 5 with L—Gln,
USA) & AEsix, 2 9j¢] 712 A2 2 Dulbe-
cco's phosphate buffered saline(DPBS : Sigma),
HEPES(Sigma), sodium bicarbonate (Sigma)$°]
AHEE A 2, 33k Altu%E 93t RPMI B A]o)

HL—1 medium (Ventrex, USA), calf bovine serum
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(CBS : Gibco, USA), T—cell growth factor(TCGF
. Collaborative Research, USA)E #7135tk X
igol AMR-E Ve BT d434 FEa"gAE
(Nunc, Denmark 5 Falcon, USA) & A3ttt

UxFY ZzFo| Ea|

A 25 mie] AL Histopaque(Sigma) 25
ml7} @7 50 ml AT FFo) ¥, ¥
2014 400g2 A4 3 T3 QY A=y
MEE FAGE. o] XSS DPBSEdHoz 9
A28 3(250g, 10%), 5 ml RPMI 1640 mediumsl
H3A711, 0.1 miE 04% trypan blueZ F43}o
haematocytometer2 ML & ZAH3Ic)

12} wl¢} (Prime culture) : #3238 ) Y=
TFHEE 1A WiFdol 4 48T 40X106(2X 10°
cells/mD A Y511, 50 ml & culture flask 4789
ZtZk 10mli¥ WFch 13 vkl e RPMI 1640
7188 =)o)l 1X nonessential amino acid(Sigma), 20
mM HEPES, 1 mM pyruvate, 1Xantifungal —anti-
biotic solution(Sigma), 0.05 mM 2— mercaptoetha-
nol(e]d 2% HFEE)S Yol RPMI 1640 &4
XS WE, |74 thA] 20% HL—1 medium,
5% CBS, 1 ug/ml phytohemagglutinin(Wellcome
diagnostics, USA) & #7138t 13} ¥) %< (prime cul-
ture$) 22 3ok wFE 37C, 5% CO, wi¥7]
(FX 100%)A 36—40A13t viFst 23} Wik
(plating) ol Soizkeh,

% PCP Xelof 2f3t =¢iHo|
UMY ZARE ¥CsY(11Gy/min) & AHE3HS 0,
02, 05, 1.0, 1.5 20 ¥ 3.0 Gy9 %oz iAo
=&AZon, ole ATAS7 ¢48¥® IF, CBS7H
TEA @S RPMI 71&uiA A 333t A
ZJE AXE k2 14 wigd] itk PCPE 18
50 mg/ml®} FEZ DMSOY wo 7zt Ad7y F
ZF%7} 0, 5, 10, 15, 25, 50 ¥ 100 ppm(w/v)°]
HA 3l 1A vl AR 12241 $5E AREY
24A12E B Ak ch

23 2 3 WG (Adled) © 36—40 AT 14}

Auio] Wiz o] ¥ (D 17

Higo] @ad ¥, AXE dARIHR FASL, 1
YR-E 94, HAEA &S ST oJEL
Edwo] AT deujge] Eo{7p7] Aol 239
AdulFe Fastck olg wWgde RPMI 4
vl x|of} 20% HL—1 medium, 5% CBS, 10% TCGF&
¥ gA)17)1, 0.125 pg/ml phytohemagglutinins 7}
ARk, WFAIFA] M2 FEE 0.1X10° cells/
mlo)Z, BE 20 ml S92 vlF3tgen vFrIte
7} 39 ok

43} w¢} (Mutant plating) : 33} vigo] ¢85 ¥
F, o] AEES F hpnt FAAY EAWC] AEE
A¥at7] 93t 6—thioguanines AHE-3H AHuioF
< FPEFAE AT FEE 5X104 cells/mlZ 96
well plate®] 1 wello} 1X10* cells/0.2mi7} =A 3t
Hch o] wjkRe RPMI $Hddwfx]el] 20% HL—1
medium, 5% FBS, 10% TCGFE X #A]7)1, 0.125
ug/ml phytohemagglutinin & H7HXZHch =3 &
Aio] HE AL 93l 6—thioguanines 1
pg/miZ F718A ) Feeder cell e 36X4 cell line&
olg-slgom, o] WEEZ 9 krad® Zvldel =&
AA AR F, 1X104 cells/wello] A ST
w2 37C, 5% CO, MFWUFEE 100%)9 =4
oA 1085 (A% deEtME 159) TP e,
hprt —negative?! clone forming unit(CFU) &) 24
wEE o

CFU EH, CE plate ¥ S0itHo[22| A4t

CFU (clone forming unit) = =% plating 64 ©]-%
Fashe AXe] Yz AU o]& oA 10
ol clone?) HelES A3k positive wellZH 7]
£3}5th CE plate (clonal efficiency, nonselective
plate) = welld 1, 2 =& 5719 AE e} 1X10° cells9]
vt o2 ZALE feeder cell o] vjFst Aoz
ojufe] ujFo}e 6—thioguanined FF3}A| ol g
ZAE A 93kl mutant plating® A} FL3tc} CE
2 mutation frequency(EG9H0IE I MF) Y A4t
243t th3 3 2ol Attt
(Albertini et al, 1982).

Poisson statisticsE
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Well 3 HX9] 42 1X10* cells¥ 7%,

P(0) =P,=Number of negative wells/total number
of wells

CE=(~In P, in nonselective plates)/(1, 2 or 5 ce-
ls/well)

Mutant fraction (Mf)=(—In P, in 6—thioguanine
—plates)/(1X 104 cells/well)

Mutant Frequency (MF)=MI{/CE

da % af

MEZ Al

LA QA hprt FRALS] A BHWL Lesch
~Nyhan $FF¢] FANAH$E fdsln] 283 2
& FF(gout) I 24 uric acid) 9] AW %
APt oA hprt FAAY o) YL TEYA T-
HIET MM FHP gAWole Ao sbsslv)
w ol WA 5.7, 8], 99, F4l9, 10], T
[11] 2 348 24249 =2[12)% gI3 &
Aol Foll ALl uje} WAL ®mat ol o7
712 Eddole] e FHE 4A 81 4 Q).
e & AHe bl o] #1H BEd] o %
AeER 4 R7tAH 59 A3 NxA=E AT
371 91ste] ALY 2 gEH 3sHEd9 PCP F
2] YEEASF L APl }E EDHo) Wiz E
ZFApstA 89l

Hebd HZ3 pCP MFe T A9 WEge
a9 1, 29 A Aok HEe AS 9-05
Gydlde AEEH CENA EF & 3jolg Holx
22}, 1.0-30 Gy AFNNE WSLH CE &
Tl G448 HF—- v BAE Yo} W PCPY
A48 B9 0-25 ppme A& LA Ho)E Ho)x
%o, CEE ¢49¢ £3-v2- 3418 Yehlz 9l
o EE 50—100 ppmolME HEE 2 CE 2%
B43 "ojXn dewl, o) PCPY AESAL
Uehlle Rz Alase, £ 4804 100 ppm
dqxe] el gl U3l WEY ANE IA B
et
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Fig. 1. Cell survival and clonal efficiencies follo-
" wing ¥Cs y—irradiation in human T—lym-
phocytes.
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Fig. 2. Cell survival and clonal efficiencies by pen-

tachlorophenol treatment in human T—ly-
mphocytes.
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A4 499 Q&S 4¥Td "= FYg
Roje}, Zuld A A4 EQHI S WE o)
0—05 GyolAd & ol Bolx gou 10-30
GyolMdE AF-vkg AE I Jehz glen,
PCPAg)el] 93t Eddole 15 ppmitE F7138171
A&k 50 ppmol el EAMlge] A Hs)
FEHEY. 538 31 AF B TN A9
E@olge Wizl 744 1 background FEH
2 o 750% ¢} 520% F7HE B.lom, o] F 71A
Ay g 7% sddol Yol T—cell hprt
clonal assayv 25 Y3 F¥g HYPe] dF—ut
SHAE B § UAHaE 5.
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Fig. 3. Mutation fractions and mutation frequen-
cies following *¥Cs y—irradiation in human
T—lymphocytes. The symbols represent
mean(+SD) values for independent expe-
riment({n=3). * Mf mutation fraction ;

MF, mutation frequency.
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Fig. 4. Mutation fractions and mutation frequen-
cies by pentachlorophenol treatment in hu-
man T-—lymphocytes. The symbols repre-
sent mean(}SD) values for independent
experiment (n=3). * Mf{, mutation frac-

tion ; MF, mutation frequency.
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Fig. 5. Linear mutatinal dose —response curves fo-
llowing radiation(A) and pentachlorophenol

(B) exposure.
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