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FADU ASSAY FOR EVALUATION OF DNA DAMAGE CAUSED BY ENVIRONMENTAL MICROPOLLUTANTS

MEME ., JOREE, RE &, BHEZK
TOMONARI MATSUDA, TAKASHI YAGI, HIRAKU TAKEBE, SABURO MATSUI

ABSTRACT ;FADU (Fluorometric Analysis of DNA Unwinding) is one of the most simple and sensitive
methods to detect DNA strand breaks. We tried to apply this method as a short-term test which
detects DNA-damaging environmental agents. An SV40-iransformed human fibroblast cell line WI38-
VA13 was used, and the oliginal FADU protocol was modified in this study. DNA strand breaks
induced by physical and chemical carcinogens such as <y -rays, ultraviolet light, MNNG, 4NQ0 were
detected efficiently by using the modified protocol. We also tried to detect DNA strand breaks
caused by the effluent of a waste water {reatment plant. About 5.6 strand breaks per 10® base
pairs were induced when cells were exposed for 1 hr to water sample which was concentrated 200
fold. This represents DNA damages equivalent to approximately 11.2 strand breaks per average
human chromosome. We conclude that the FADU assay using VA13 human fibrobrast cells is useful
for detecting DNA damaging substances in the environmental water.

KEYWORD; FADU, human fibrobrast cells, oy -rays, UV light, MNNG, 4NQO, effluent of a waste water
treatment plant
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ERUVOHERZRETZEDEE. H<HPOLRAXYPNAYL MHSLATZABEDNAL—~FHEDNA
ERHLT. ThPheEBT5HEPRONTEREDNY, COFEIREMEEIEBEG 2D, BVWERE
2B5-DEH S5 LD ZHNEL ZVIEREFTAY =T TNV ULTBLBERH- =Y,

Birnboin& JeveakSIEDNADER LEEZHET B30I, E ROFIPNRAYAL N HTAEFAVE—T
HHWRWIEEIZEECRERGTE -FADIE - 2HB LAY, BIb=F YT MRS ZRET. $hDEZAR
BEDNADHEEMARESEBEILRZVWHY, —ABEDNADRNADOHAN R _ESBAREIEhE L R
BFNHIHOERHT TR, ZHREDNACEENICES L. 520mDFRE %S T590mOB K ERT 5,
HoT. COEIBREBTCHZAHEDNAOERL T 2HENIZRET 22 LHHEETH 2,

FTHROEREE=Z>0T V-7 OEBRE ZFE T 5. ZAEDNAMAOHBERY R CHED 2L
IFITARE>TELZHENE. HEROBRE (BFa—7) »oRAMS. BFa—T7REMICHE
B 2BEHOLE L, DNAZEWHKIC L, PLAHVTCREI—ABEIENT 2, —EHOXRE (T
Fa—7) TClEELEORHK., Thbs (ZHEDNAILZIN) + (hOBEWIZ L3 2HET 3,
#oC (T-B) BAEDNAI L ZHAERZ LTV, ZEEHORRE (PF2—7) UDNADEERE
LEEZHERDEDICHERAT S, MRMEYNEZVH ) EERTC—EHE A v Fax— T2, ZAHED
NABRARCBRINT—KHic k2, BRENZEAUDNABOYIHHLEE LTS, (P-B)
BERINTUEB-RZZFAEDNARLZHAEEZRL (WD, BREINWT B EZXEDNAOYEEY%
D&UL. YUTFoHTHKT,

%D= (P-B) + (T—-B) x100
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1) #E

F4- & IFHAZLETONAE DO BLGR, DulbeccodiZEMEMIZ R ISR M E MR E R AT OB, PBSIkTaKaRaD %Y
. MU T UVEDIFIOMOBRE 2ENL T AER L,
FRLU-REOHBREZUTIERT, 8. DEOMALIIBirnboind DL LITRELR->T WS,
araC-HU 3%3%9K ; DulbeccodtZSMEMIZEWE, 10%{F4EiMnyE, 10uM arabincfuranosyl cytosine,

2mM hydroxyurea

PBS-EDTA#% ; PBS(Phosphate Buffered Salts,Dulbeccodits)izEDTAZ0.54mMiIz 23 kS22 HD,

hUY > »-EDTA; 0.05%(W/V in PBS) Y XY, 0.05%(W/V in PBS)EDTA
A¥E; 9N IR, 100 KEEF RUT A, 2.50 S 2O0AFY I 73U 0URER, 0.15SDS
Bi#; 0.2NKBB{L - bV T AL A2 11.5:8.508& (H4MiL) TEX 3,
Cili; LM/ NVI—X, UMANVHT b H ) —)
D#; 2 ug/mlB{iLFT I Ah, 13.3mMKE{EF U A
A, B, CilIsET. DIRIREAF CRET 3,
2) Mk

SVAOE WH U A VA TEEERR U/ b MMM VI-38-VAL3ZEWEY , BhTH B VI-38 k. H
AD 3 A AROFFEEHR TS D EEER I L DRAERAHEL 2> R RHAHWI-38-VAI3TH 3, DNAE
HEREET, SARBRNBOFREHDNAGHOEE TH S, MiTE. DulbeccodtZEMENIE R I F4H M
Z 10802 = BB TR LU,
3) yERS

WE7 SR (T5em? ,FALCONRL) IZf8FREE (v 7NV b)) K- %, PBST—MEEEWL, U
S V-EDTATHIE L, 5nmlOMEMEEHK (10%M%) 2Nz, BEERyF 1«7 UCHREZ S8, M
§a ¥ % COULTERCOUNTERCHIZE U 7=, MBI ZZEE L. LEAZEMOBRE, 0°CIZ¥ L=PBS-EDTAMIZ. Ml
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BENE8 x10°cells/ml &R B LD ICHEFHESI 2, MEFEHEEL. MITORVTAEL VBN 7))V (20
1,CORNING) iz A, v-BREEE (1°7Cs,46y/nin) TEALThOBERE Uk, Bi%. BEICX3DN
A—FBEYHOBEKSE <EDIZ, MIEEKR L, TEZLETEDOPIIFANZITR 5.

4) AN, (CEREWELE

BTHICHE®S 4 ¥ 2 (100mm, CORNING) i21.1x 108 @ DB A8 =, 10%IMiE A b OMEMIBEKRT—K
4 ¥ an—b Uk, BB, MEEPBST—EEL., BEOPIZEABRS V7 (254m) THEBEEEY L
{EERIEYEANQD (4-nitroquinoline 1-oxide) B UFMNNG (N-methyl-N' -nitro-N-nitrosoguanidine) IX#0
KPP SEA LR, REVEORE L. SEEOYHEEMEMEMBRESnlIzAEZ Y, Milgs 165
OB T 5 icdoTiTok. MK, H2VIEIREWECTAE LML OEET I araC-HU EE
WwEM2R, 31°C, 5%CODRHTTHREM A VF 2 x—F Uk, BWTUPBST—EFEWL. kU7 v-EDT
ATV v— Lo MifE A LA, B UTHESED, 1.5nlOPBS-EDTAMICEEEL. TEDRETHED
PIZFADU 24T 5 o

5) FADU

FADIO 70 b I -V EMTIRYT. FERTIE. MBEOERERSIZTZ2ENTBimboins DAY ¥+ )V
Taba—N2 kD HHEREKEDR LTV OFHFHBIRERD, 22TCAHYYF VTR OV E
REDBREEZB2HI. HIVREROBRERHEBFH L TIEDIIPFa—TeBFa—-T DA V¥
~—bMEELBHEEZRZhEELE,

B, B2V EREYE COE LEMROEERE, 0.lFTOBXKORYXF UV VBFa—T
(15m1,FALCON) 23 E$ %, =& —f & L. 2h2hT. P, BO3TNV—TIZR%, BLDFa—712
0.20lDABEEMZ. O CTLAEHET S, ZOMICHIBELEDT. £aEDNABBRPIZEDNZ, RiZ
PFa—72BFa—7120.20l0XKe LEBEZEDIPIZINZ %, ZOBPFa -7 Iz#ERLTERS
BVe O°CTIFMEA Fa~x—bL. DNAOEMEHKE TS, COMBEEOp Hidf12.9 (23°CTHIE)
k3, BFa—T7TRER2NEHIE 22D, BEEMAEBLIEIZA L, BEHLE L (BHIEEH
MR PSR EUCD-1308Y, HRWHEH) . FIY 1 kilobase pair (LI Fkbp& &H8) E<XH5WETDNAZBAM
T3, BIERVWT. PFa—7#2°CTA5. BF 2 —7 #60°CTOONR A v F a~x— MT 3, BEHE
25, 0.4nlOXRLECHEMZ., L<EEAL, pHERL 24CTHE) KTTFT, ZIhvuE#kEIE
H2Z, PFa—T7.RBEENE L. BFa—T7TLE{EEES 2%, RiZ1.nlODEEMAL. Ao IeEt
(RF-5000,SHIMADZU) THHZHIE T A (excitation, 520 nm; analyzer, 590 nm) » TFa—TIZIXAEK
ZMZI0DIEE L%, BiK0.20lk CHO.4nl%H 6p LOBEADEEHEM L, BERED» T, DH
EMRAZETOCTHELTEL, #oTCTFa—7TREDNADERIEZSR W, %$DiEZERA. (P
—-B) + (T—B) x100h 55832,

6 ) TARUEKDBH

WA HBRHFTOWOTAKUHEGEIE L UTKEIARCNNIREER» S ORKENERNEL LTED,
BHREEFRELE, 5I2RVWTERLEE UABOLEKEZRIE L Tnd, 19934F2 A2284% 1 BE, BR
MIBEDOBTAKZ201 K Uiz, SEIE. EYEHIAZTVEAEOERY E2EMR T 5EM T, Sep-pak
Plus C18h— U w (WATERS) 2R WCiRME Ulzo $RZAK U F2/KIZEEHE (5A,ADVANTEC) THEEL. HETp
H2I@8ULEE., YxFVx—F10ml. PruuaAy10ml, =4 —)U50nl, FERK100m]% NEZRE L
THIF L7~ Sep-pak Plus C18 I—bF Y w iz 4nl/ninDFHEHETEX Uz, Sep-pak A— MU wIk5 112
ff& 1, sF4fERA LA, BRKORTLAEI—-NI v I 1EIzOE, 20lT >ORBEKE2E L TKEEY
BERVREL. BOPRESFECHBEERI LS, Y Flo—Fh ey ruaRy vEERIISD
BLT. BELEAESYZEESEE, BEBEROI— S Y- xR -y —CHEREE L. BEY%E 1nlD
DMS O (dimethyl sulfoxide) THBRMBULEKML Uik, $-RAROEREL2BRAK201ZH LTIV, 2h
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3. EBRER

Fig.liz'*"Cs v — BB CVALBRHSFMRIZS| SEZ Sh =D NA—-ABETNORE - PHEHE 2R
o ADIIEHB L NHEHO% DEOETH D, 1GyREBEOADEM2 1T, Birnboins DER L IEIER
BEEOSVWEBENBLOhE, Fig. IOADEIIRELERFILEWT, BER2I S LT3 275 v idfafid
BEHB (F—2-@RIRV) . CORRFHTHZLE RO EE 2 7DN AN, YEK2EH
RIZLBB/E. HBEINVETV—FTHVOERIESILENRBETHRZOT, BELHRMICS sEzXh
ZDNASUNOBEELAT 2E{HETE S, ZORECHESVT, KRN TEFig. 10T57%#DNAH
PIOREZRE LTHV. B2 2DNABBHEYEIZL- TSR ZEh32DNAMYKORE, FLAD
HE2EZZ7yBOBETRIILIZL->T. DNABYNBEER 282K

ERBEROBE L ITED. EAROCSDIEREVEIEEDNA#YMESI ZEZ T Tz <.
Z<OBE. MEODNABESBENENABOLEREPE L > TEL-BHEE A DB ERT. D
NABEEWBELRLEZISR TS, oT. ZOHADNABEYNE. Bl LTREZ30TRrEL,
BEERPEH  COBMIEPPZEEI NS, £, BEOBETE UAHEINTHI0T. YRR
EREOSBIZEERTETHADLEIO NS, Fig. 20808 % 6 I/n? B L%, araC-HUEwE [€)
 HEWEBEOMEMEEE (10%ME) (O] CEEHEA Y Fa~x— b UEEDADEETT, £AK
IBaf4&, arabinofuranosyl cytocined hydroxyurea CHIlIZME T 3L, BREBEIZBIADNAGKREE
MHEXNZS D, U UVEAREBEE 2O HIEEEEZINZVOT, DNAFTKEE L. £48
REBDNAGUHERBITRETE LM TEE, BEOEER CLE LM TR, 6BEA VFan
— bhLUTH, DNASEUKIZEM Uo7, Fig. 3Tl BALBEORAB 2MIIZES UL%, aral
-HU BB T IR A X ax— M UAKICE UADNASETNZRY, 75 70OMEIE. SA8RENIZX
-2 THESNEADEE, Fig. ICBWTHUVADEEZS A2y BOBE (Gy) TRLTWS, 2]/
HENESSEOENABIZLZDNABYNOEICRHTEZ L0 TCEE, Fig.d, Fig.5TIk. REBHR{LE
RIEVETHHUNGL4NQODOF EE 2 $DN AN 2R3, Mille2Rc RBEOLERENE 2ETR/IM
EREWPTIREOE L, 51EHNC araC-iU BBET3HES U Fax— U, DNAFTNEE
B U/, MNNG, 4NQOWTHOBE S, BECEENRDNASYNOLREBSEXNE, L6668
BEIIRBDIZON, VI 7OEESHRBOVDLICRIESIBEEIN,

Fig.6lz TAMBEAROREZEEYEHSI X T DNAKTN R Lz, O FANBEIBOBFKFOBR
KEOEEY 2 #ME UK 2. MNNG, 4NQODIHE L RO THIIEIC 1 BASRE U,. araC-HU BBHT
SHEA ¥ a2~ PLEEDNABYNZEE L, 795 7ORBIIAKOBEREREEZR LT3, BEK
FREDNAYELG LR LTWROBBER I . BESER00EIZEIT 2D N ABETNIT, v BRETH
0.56Gy THo ko

4. HE

Birnboins5@A YT F N7 b= N2 Tk, RS VF 4 7 oo FOHIBRZFE>TWBDICH
U, BAOERTIE. MEOERNABSRE MEMEMBAVARZMER LE, S THHOHB2ER T
32D BLOERTRAVIFLTO I-VOMMBEE (5~10X10° cells/ml) OR1/10DEE (
8 xX10° cells/ml) CEBRET o%o 2T, FVIFNERRELHYIZERD, 7O I NVOEES
RERLS Iz BELEEEPF2—T0OA A v¥ax— M BELERMN, BFa—704 V¥ ax— b EE.
EUDEORILTF VI LADRETH 2, FTAYIFNTONI—N T, P, BFa—7#z, 0°C.
30570% T, 15°C. 1A U Fax—bLTWER, BRLAOAWERAETE. 15°C, 1BETCRBFa—
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Fig.1 DNA strand breaks induced by ‘*7Cs y-ray
AD = ( %D of unirradiated group ) - ( %D of irradiated group )
Each plots are mean of three independent experiments. Bar : SEN
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Pig.2 DHA strand breaks induced by UV light
After irradiated 6J/m? 254nm UV light,cells were incubated in
araC-HU mediua (4] ar normal EM mediua (10X Fetal Bovine Serun){D),
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Fig.5 DNA strand breaks induced by 4NQD
After 1 hour trealment with 4NQD, cells were incubated in araC-Hi
medium for 3 hours.

The numerical value at the vertical axis is almost equal to the number
of DNA strand breaks per 10" base pairs.
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Fig.4 DHA strand breaks induced by HNNG
After 1 hour Lreatment wilh MNNG, cells were incubated in araC-I

wedium Tor 3 hours.
The numerical value at the vertical axis is almost equal to the nuaber

of DNA sLrand breaks per 107 hase pairs.
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The numerical value at the vertical axis is almoslL equal to the number
of ONA strand bresks per 107 base pairs.

$SB(r-RAY EGQUIVALENCE.GY)

T T T
50 100 150 200

CONCENTRATION FACTOR

Fig.6 DNA strand breaks induced by the effluenl of a waste water
treatment plant stands in 0 city

After | hour treatment with water sample, cells were incubated in
araC-Ht medium for 3 hours.

The numerical value at the vertical axis is almosi equal

of DNA slrand breaks per 107 base pairs.

to the number
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Fig.7 Relationship between the incubate temperature and the fluorescence

Fig.8 Kinetics of unwinding of control(C])
of B tube

human WI38-VA13 fibrobrast cell line

Extracts were maintained at 0°C for 30 min prior to transfer to a
28°C bath.

TODNAOEMDBAR+ATHD, BRCEMITEEDIC. BFa—TE60°C, 1EHA Y Fax—kF
ez (Fig.T) o 2, 15CEVWHBERED BRI A —F - NI EREL TEED, BED
VA= —NAT, EERCHBERELTRICTIEDIE,. PFa—T704VFaR— NEERCIZH
FUFE, VABIZyBEZhZh0GyE 16yRE ULEBODNADEBR LORBT2Fig.8l2R L, 16O ¥ &
B LZDNA—-KEYH 2+ RBETRETE, LrbHRE (06y) CBI2ERLERDETL
BWEWIEDS, PFa—T0A Fax— MNER2LHESEIIZHE L,

REZDBOEMMZF VY AORETHZH. RAOERCIIMBEEEEA Y YF V70 ha—1D1/10i
BELTVBOT, ¥MDNABIH/WICR>TWBRTTHDZ, #->T. BILzF Vv A08ESE, A
UIFNVEDHELSHEELRTNE, BEORIETF VY AOHTHEDIE N I IO FERBIL
PFEEhE, L23, RIEzFIVLADBELERE VBT 2 LERENFED TR0, HAEIRK
EHOBRHEBEEZR LRTAIZRST, RBROBEMFETFT 32 L83 Nz BEDBORLFY
YABERAV I FINO6. Tug/mlbps 2 ug/mlizEET 32 L CHIFHEREBIE 1=,

YEOMETODNA RS EEZ THYUKOBIIO WTIEWS 2hOENHZM 10 Zhdizkd
£ 1.35~2.5%10"'?single strand breaks (LA Fssb&K§) /Gy/daltonT®H %, LOONSDE2.5x 1072 ssb/
Gy/dalton 25| 32&'?, ZhiZ1GyDHEHL W10 base pair (LI TFbpl k) I—HODN ABELIH %=
BIERCTLVWS L LAETHZDD 5. Fig. I~6DREMOBEIEZDE £10"bpH =D D DN A SN E
LTHBCEMNTES, £ NORBER—FKZITEH LT 2 X105 2->TWADT, v 1Gy Hi0EY
0 BOD NABEIK 25 SR T RBB L DTEB, ZOLH I RRMET R LIzL - T, BEHRDL
FREVECI->TCEERIINZDNABETHOR 2, BECHRVWPEBNCIEET 3 LM TE S,

EABRE L ->TERT2BBOREARICYVITIVIAT—TH B, BNBIZ1I/n2 TR0 bpH =D
IEOCVIV YA —RERTE U, FUIT V¥ T3P OREEENRI LT hHEN
BOT, $RTOEYITIUFAY—YhHEh3 2 $5L, 11/02T107bpdh7= D KI15@D D N AT
PERBIIZ2ETCH%, L23WFig.38RBE. 1]/mH7=00.67ssb/107bpT. #I4.5%0 D N AL
LO#EEX N ok, ZOZ 2. DNARZELEYYI YUY 4 v—D4. 550 REE SBEO-ILRE
BEE2ZY, ZOEBBETEUEZDNASEYKE2RLZIRELTNWEOTH->T. BDOKSKIED N AB TN
EREDRWVEEEZZTED, HEVWEBEINTIZE-S-TVWRIZLEBRLTWS, k5. b MNEREH
FMAIZI0I/m OENARERE LT TBEBIRFIVIAII—DERAELELZS, RSEDEELTW
FEBRELTED'?, COF—YRBLOEBRRREIR LTV, o TEABRCLLENEDOSE. BL

and y -irradiated(1 Gy)(®)
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DR LU TWAD NABUBBOB+HED. DNAZUN2&DRVWDNABEMNEE L THO AR H
BeBERURTERSBRWESS, AR, (LEREDETH DHNG, MRz L->TERLED
NABMOBERRHE TR LN TER, INQUBER T 2ELBEOBEEEEL. ESAEOBELEE
RAULTHBEFEZLNTNEIDT, INQOTINESBREBERBICL-TYOHEIh, DNABEUKEE L
2rEZhD, £/, WNGEZRFNVFIWLAT, DNADT 7=V Z2AFIVILL, EEN-TAFNITT
ZVERERT R, COBMERIIEEOMOY Y oY FEEHFRRET. BREZBEZYV2EZLED, &
ZVWEDNAYYAYT—BirXoTHlEh, BRNICAPY A bV EEH T2, APY A MIAPZ VK
XPVF-EOREEERRIII > TDNABUBEERT S, Fig.4, 5C. REECRZIZHENT. 7
FTDEELBETCRIFZIIOVTR REVEFSEBELLRoTRZ L, A TRA P OBHBEHEL
FRINTDNABENECHHE< R0, BIVEEREOREYEIZL-T, MIlEODNABER
BRYA—-TERITZ-DIZ. RETESZDNAHFHUBBRLT20TRIRVHIEDRERNEZ SN,
Fig.60 FTAMBB R ADOEE. 2005284 LKA el z 1 BRLEULE. 3KRaraC-HUEEH
THETZE, REELDEHIL2EODNAZUKPE U2, BEBZEZOMHELODNABEILED
TWBTHBD L WDIZ Lk, BABOFI SRBIIEBTZIeMNTED, ERIZChSOKIZERRE
XNZAEEOKEEN N T HEEE L EHE. LEDEOHEEAMBREIIT LOERZEIRS RN
DT, Fig. 6 SEREBCBI2HELEMIIHESTZC LETERVY,. SEBEEONZIZLEDEY
BREIARVIEBEOYETH -2, ChHOMBERYEIFEYEMRIZL->C. MANCRAELE
RENhEBEE. EALRDNABEFELL2BREITREHEZILEZLBRES S,

5. ¢

SEEBOhEHEREUTIIELD S,

1) FADU 2., MHEEROBAS 7 MEERHESFMEKVALICER Lk, ISEMHERERRICTSEYD
2. AVYFNVTRMNI-VOUI0OMREETER Uk, HEOHR L. EROFE D LFEMZEZ
LT, VICOMBEBEETHAY VI 7O bV BEEREBEOEWBECDN AU ERHTEZ &
WT&EE,

2) araC-HUBSBECHME A > Fax— T2 LT BAEVLEREYEIZL- B ZR2Zh3DN
AU EBEL<RETEZLWTER, SR YRORBEHMEERER L T2 T, £LUEDNA
OB EZEBT A2 TEE,

3) BABOBEIZ. BADPRHLEDNASTMRE. BBIZECTWEEEZShBZEYIIVY(
— DEOKA ST H oo

4) Sep-pak H— b UwIZRANT, TALEKFOMEBRIEAMEOEEY 25 Lk, 200621288 LR
ekt hoREdks = D EILEODN ABYINARE S hiz, EPBEES2E2 2L, KEEY I
TERIEENERINE, £ BEKATODNABEHEYEERE., FET 501 MEEEEINRZRA
WEFANIBIIERARFETH 2 LEZL o0, SHBLREETRE. BRELOEA B O 2KEKXD
DNABBHOFMEHERETZIHOLEbIS,
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