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Development of sensitive methods to detect environmental pollutants
which bave affects on genetic material
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Qur research projects supported by Nissan Science Foundation have dealt with development
of new methods to detect environmental poflutants which affect genetic material (DNA) and
studies on the molecular mechanism of action of such pollutants on DNA. The resulis obtained
in the last three years can be summarized as follows.

{1) Detection of carcinogens and other substances which damage DNA structure by SV40

induction

Simian virus 40 (SV40)-transformed Syrian hamster kidney cells produce infectious SV40 virus
particles after treatments which damage DNA, such as UV irradiation or mitomycin C freatment.
We have found that the induction of SV40 by DNA-damaging agents is greatly stimulated when
a typical tumor promoter, 12-O-tetradecanoylphorbol 13-acefate (TPA}, is present in the medium.
Phorbol, which has a molecular structure similar to TPA. but does not have any tumoer promoting
activity, showed no such stimulatory effect on SV40 induction. This effect of DNA-damaging
agents and tumor promoter (TPA} was more pronounced when a tumor initiator, benzo(a)pyrene
or 2-acctamidofluorene, was combined with TPA. The effect of TPA on UV-triggered SV40 induc-
tion was greatly influenced by the timing of TPA addition to the culture medium, which was most
efficient when addition of TPA was 5 to 20 h before UV irradiation. The cffect of TPA, however,
was not observed in SV40 rescue from hamster cells by cell fusion with permissive monkey (C7)
cells. These results indicate that intraceHular reactions triggered by these agents (a tumor initiator
and a promoter) act synergetically in inducing SV40. This finding can be used for a new efficient
method to detect environmental pollutants including tumor promoters and initiators.

{2) A new method to detect environmental carcinogens by utilizing erythroid differentiation

in mouse Friend cells

Mouse Friend cells differentiate into erythroid cell in vitro upon treatment of the cells by DNA
damaging agents. Using this phenomenon, we undertook a series of experiments to develop a
new method to detect environmental pollutants which damage or interact with DNA. For this
purpose, we first applied enzyme linked immunosorbent assay for mouse hemoglobin. g-Galacto-
sidase was conjugated with anti mouse hemoglobin IgG and the enzyme activities associated with
(antibodies immobilized) solid surface by bridges of antigens {hemoglobin) (a sandwitch procedure)
were assayed by fuorometry. This procedure allowed us to detect a least 10° of hemoglobin
molecules synthesized as a result of erythroid differentiation. Among model DNA damaging com-
pounds tested, we were able to classify them into two groups. One group consists of aflatoxin B,
Glu-Pl and AAF which induce erythroid differentiation by themselves. The other group consisting
mitomycin C, UV, neocartinostatin induce the differentiation only in the presence of a low con-
centration of dimethyl sulfoxide. We have studied the biologicai significance of this phenomenon
and have attempted to develop our findings into a new sensitive and reliable method to detect
environmental pollutants which affect DINA molecules.

(3) The mechanism of erythroid differentiation induced by agents which affect on DNA



molecules

We employed in vitre terminal differentiation system of mouse Friend cells as a model system
to study the basic molecular mechanism governing cellular differentiation induced by DNA damag-
ing agents. By employing cell fusion between two genetically marked Friend cells and other non-
erythroid cells, including BHK (baby hamster kidney) and FM3A (mouse mammary gland) cells,
we were able to induce erythroid differentiation indirectly by fusing Friend cells that had been
exposed briefly to dimethy! sulfoxide prior to fusion with non-erythroid cells that had been
trcated with ultraviolet light (or other DNA-damaging agents). The results suggest that two
distinet reactions are involved in erythroid differentiation in Friend cells in vitro. One reaction,
originating from the damaged DNA, exhibits an inducible nature, is non-specific to Friend cells,
and is frans-acting. The other reaction is specific to Friend cells and most likely is cis-acting. We
also present evidence from the cell fusion experiments that a typical tumor promoter, TPA (12-O-
tetradecanoylphorbol 13-acetate), inhibits erythroid differentiation by affecting the later reaction.
Furthermore, we attempted to isolate an intracellutar factor which is produced following DNA
damage by DNA damaging agents or tumor initiators. We were able to detect an activity in the
crude extract from DNA damaged cells which triggers erythroid differentiation. The factor seems
to be of a protein nature judging from its non-dializability and heat sensitivity. Preliminary experi-
ments were also performed to apply these findings to establish a new detection method for environ-

mental pollutants, especially those which affect on genetic material.

AR R ET B R { O pHE,
B TSR (B4 = v — 2 — LB T R E
— & =) OMHET A HA koM Fh
L DMAOHR~OIEBD 4 71 = X 8 OFgeErh
LB TR 3 I do fe - CHIBRUASE I A 2 4T
TR RWThREhbOThS. KE, BES
A, 4 DNA i b 55y
B LTIt Ames A 0F 0 7oA {ES T
HHESLTH ot FEIC 7Y TR,
TR DN, BFEAR S ORBIAE LT
VB, Ak, BMMBRIRERTH ARBE O
BelR A7 7 ) 7 &5 TELEYRE - TR
RTEOEME T RERMSRE Zh, ¥, 3B
7w — 2 —D X5 ST O 20 Ry R
DHHWEDHEHIITSRIEEN B T —H,
S B REEGE QMRS T S EA BB OPIE
B BEHHEREGCH ERLHFATHBOT,
B i REEE SR (= v AT 2 AV
THERCEET 2 REDHOBRHOLH D2 F
A FEOTHEIL & S E, e DNA g% 5 2
HMERHRS G E D L B B ER L Bhk
WEMELE LTHTORERET,

(1) 7 4 a (SVA0) DFERAYFIA LR
A 2 —Z—RXUF - & —OfRHE

SV40 k= v Al T 8L DNA 1ol
el x 2HH (PlAdfEd =v=—~s-)
Lo THESREEREVH, ~axrz—4ills (E#)
T AN S, <A =4 vy Cht &
DNA HEWEC L - THEREN D, Fxizoo
FRESTHM LOREDCFEET 2RE0HEO
MO B E L, 7, SV40 T+ F v
A7 a— ALl aA 2 —HIl (BB 2T
(UV), 2-acetoamidofluorene (AAF), ben-
zo{a)pyrene (BP) @ ) 5 i DNA #E4E <cH 5
EFMRC R A = v — & —CUET B L SV4D
DFEFE (7 4 L ARTOEL) HELRHZD
BT, RAEONBINTIL L Ch 3 e
HE Tl L Lindih, ThibORES =
Yo - & — LR EE e —5— (12-0-
tetradecanoyiphorbol 13-acetate, TPA) # dkfF
EEDHEHFLL SVA) OFRILRES h B & &
D ots (FE1D, oo SVA0 DFHRiE TPA &
e OFERE EFOUL TV B, e - & -
TEHE Oy phorbol TS e, TPA o
S TVWAREE T -4 —EHC LB 0THS
o EvEE RV E BB, Fi TPA O4C
{3 SVA0 DFEFRER L A b D Eh DR A
=vE—g—}r e —OWHEILFEL T

— 22 —



% L SEYHEE X5 SV oESsT Bisd TPA
o)

Plagues

iy Concn
Addition (pgfmi) (pg/mi) Control F{l%gk Pht%gm

ng/mi) ng/ml)
MNone <1.0 <1.0 <1.0
Benzo[a]pyrene 3.75 <1.0 7.6 2.3
7.50 <i.0 18.9 3.6
15.00 <1.0 9.9 1.2
2-Acetamidofluorene 0.3 1.1 6.7 3.3
5.0 1.3 50.5 6.8
50.0 1.3 15.5 5.8
UV (20 J/m?) 9.2 35.7 9.8
+uv
A
51
3
w
o =
. o ° -uv
0 50 1:10 1;o 200
TPA {ngsmi)

B 1 SV40 R Bug+ TPA ORERTE

SVl Ak WV IR TCECTZ -4 %
fEB o EERELTYVH, TPA & SV40 FEC
*4 B EHBE L 100 ng/ml TH - oh, Thik
TPA O L E RS b BE - FROEHR
P LT —%T 5, Bl TPA @ SV40 i%
FT BT AR AR T, FxxEie TPA
O SVA0 FRCHT HIEHEFH Y TPA BRin & 58
A = e — & - TEINOWERIRES AT HE~B &
CE o THEB LM = v =— 5 — (/R
MBOKR (05 O 2 Oic TPA T lit
T, SV40 HRA LD E, 4 =ve—F —WFED
5 WERIAL L 20 BREEIRGIC TPA RN L7oH4
PELAETH D, 4 = v=— & —MEED TPA
DT F ORMEGDE T LT &, 48 B

Dt b AL CBR1EL bR 7 (B
2 ThOOERERIE -2 DR
KL TEERENBRIE: H BT
Ml cHEATC B &, 5 oRmofikAE
R & T SVA0 DFRE L bT o LRI L
T B, s, =@ TPA @ SV40 E3sw Bugd
hHLiL o~ 0 A & —4Rffa . permissive #fETH B
S A-OfllE (CT) L ofillafiaic X5 SV40 OFf
FCRWTIE SR 0T, DNA iz b
PR = v — & T L BB, S
BRLTWBEHEESRS, LkdaT, DR
A & BRI LR BB RIS ==
p—t e g-DRBEREAULTV%D
o, RroBeBWT, @7 = -4 —DFE
THEBEEVCTOAERERTRBH R O K
Y, BV = va— 2 — OIRET SO RE
Az Rt Fee—2—0BMORE LTHEHER
b be PEIROREIEEMMIIAE FIR L ARET T
BT HIRWA 2= s —R IV mE—5—
OREEIT, EEAOBATREOFOS LM,
DI LHRETE D ot 705, REEDOIRT
BLTRoomMEOREFAC I LELLRS
oT, REWEORRE, XToREEROFREK
FATHREE X DEVEFAROIETHHERT
VDT, Z O RVT Sl L4 @ Rl
LiBS (A =2ve—g-bTve—2—-D
synergetic Jrghit) K X B SVAD OFEFELERIE
B, S iEEmEomiis T U EDIERE

PRF.U.

s L L s ‘ x M L 3 x
050 40 30 20 1¢ L] t0 20 33 40 50
Hours

2. TPA FEAToO SV40 FHfcikds TPA
e oo g

— 23 —



WOMMD I LV RAERE T35 L Ebh
BHo Tads, ZOFROFRIATE LT SV
HRE T A NARTOF S~ FRFETTRD o
ARG 2~3 8D B0, SV40
T 2 v s 2T SHfER# - C, ELISA ¥
I E etk T SV BRAY ER{LT B
LTHD b, Db DEHRMMHEO R oL
TIREFRBPTH D,

(2) 7vv Fillad{bofe By RipE
DRI EEDRRS

LR LA SVAQ BEFREFIR Lic S E (B
{avz—g-RIFTe®— & =) HHEOM
AEEF R, =Y A. v v v KM (mouse
erythrolenkemia cell) = 331 2 #illgs L fE8E
E LRSI E o N DR 234 o,
TV PR vy e L AR kT
AL DL LR T B BN,
sulfoxide (DMSOQ), hexamethylenebisacetamide
(HMBA), EsEAD X 5 eip B DNA if(g
B2 BWEKC X » T in vitro CHEY A B,
~% e v VRSEIRR oML LT o
HERT LI D, £l invitro O 4L
WOTPA 7R K ORI 7 & & — & -1 X o TR ERY
CHHEEh ook &R OBBRAYIERT S
OB E LTLHERNCHS & Bloihvi, #4
ooz vy Fiilic sy 3 Mgk S
DNA {HBMEC X 50t Sd Bl e LUFL
VRIS OO AR AT, BT vy
FRRO SR RO~ & = © v DR
TV O TR D IR T R & D B
DL, BORWANCEBEE OB ATk
TET HITEOTEL R TR » 12 EOIHIC,
Enzyme linked immuno sorbent assay (ELISA
B) R OHMOIBERET S & EaT,
TOFER ~v R~z e ik BT b
YH - HEESIEDB LB VYA o
ELISA L »T 10° S FBED~E /oy

FREEANCIHECE S 2 EMNAEE Mot oD
ELISA e AV CHREBCEMOREA = v —

— BRIV DNABREWECLIS~v A 7y

F MBH@@ BT B R W, HEEEy

dimethyl

SRS i R E N B Y | [ |

Effective conc. p-galactosidase

Cempounds

(ug/ml) {units)
None — 0
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Exp. arowing cells (totat 2x10% cells)

Centrifuge to remove medium (2500 rpm, 5 min}

Wash with PBS and centrifuge {twice, 2500 rpm, 5 min)
Suspend in glycerol solution {1 ¥ in PBS,1 ml)
Incubate at 37°C for 15 min.

Add the cell suspension to chilled L-a-lysolecithin
{L-a-lysophosphatidylcholine) solution {final conc.
4 ug/ml)

Incubate at 4°¢ for 4 min.

}

Add the cel) suspension (50 pl) to medium with or
without testing substance (1 ml)

tncubate plates in a [:Oaincubator for 5 days
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