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The purpose of this work was to examine whether X-Y chromosome dissociation in the primary sper-
matocytes of mice could be used as an in vivo short-term assaying system that detect environmental mu-
tagens.

Four alkylating agents(EMS, MMS, MMC and MNNG) which were known as strong mutagens were ad-
ministered to BALB/c male mice 3-4 months old.

In the control group, the mean frequencies of previously dissociated X and Y chromosomes and au-
tosomes were 7.17% and 2.12%, respectively. Compared to the control group, mutagen-treated groups
have no significant differences in dissociation rate of autosomes, while these groups were about 1.2-2.5
times higher in the frequencies of X-Y dissociation.

Generally, X-Y dissociation frequency increased consistently with the concentration of mutagens
whereas the tendency of autosome dissociation frequency was variable among several mutagens. These
results suggest that X-Y dissociation in the primary spermatocytes of mice is applicable as an in vivo
short-term assaying system for environmental mutagens.

There were significantly distinct increase in dissociation of X-Y chromosome in both the hybrid and
parents but the X-Y previous dissociation of hybrid appeared higher frequency than BALB/c and wild
mice. These results indicate that the factor related to binding X-Y chromosome is specific to strains.

Key words : X-Y chromosome dissociation, environmental mutagens, BACB/c, wild mice, in vivo short-
term assaying system
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uteixl 300F0]4k2] 313HEo] Ames?] A& 98
A= o F 90% o]Ado] Fdueld ez yhsA,
Edele}l Wzl FEA ] AAE S tHMceCann
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TFE A shel dekabgel g AA Ao LEHAY
v}Fujimura et al., 1970; Hirono and Shibuya,
1972). 22} o] 5L A7|7el o] FoiAe Whioz
o] ¥ o] & tjAEy] sl B A FA/ET 7
F AEHEE chFstA A= AHeH 3 .

599



&+ 7 3

co] &1 &

Fig. 1. X-Y chromosomes and autosomes dissociation in spermatocytes of BALB/c at M1(1000x%). A: A
normal cell with paired chromosomes(Arrows; sex chromosome present as a bivalent type). B: A
cell with dissociated X and Y chromosomes(Arrows; Sex chromosome present as univalent type).
C: A cell with dissociated autosome(Arrows; Autosome present as univalent type).

A e g Zeid e AR ookt AAAE
£ qtZe] g Mt 44 HelHdE I3tz A
AE QA dFA A& = g g ALE e
q dFdj4 g4 4 9lthHChol et al, 1994b; Liang
et al.,1986).

Y Ut 13w e 848 FAA 17}
A NEE £319 A 1 Fid o)E7|9) £
A A dolhs X-Y 94 A =82l o s 2715
o old ¥4 d4A Ag A& FHAlcte Hel
B aEe] gkch(Rapp et al., 1977; Beechey, 1973;
Choi et al., 1994a).
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ol X9} YA Aol BYste EA HHUA
9] &g} 2 BolAell #AJ 9 Bufo] vgtew 1
A7t Y A4 AAbo] 28l F3HBoer and
Nijhoff, 1981)% 7] Sxcetx ==t o $X&
A3 vlE glon] XY 444 2r)Eeje 4HAA
271827t A2 4R E Adde 23§ IE 3
g c}Matsuda et al., 1983; Imai et al., 1990).
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E Ao A4 3R FddeldL alkylating
agentsgl EMS(Ethyl methanesulfornate), MMS
(Methyl methanesulfornate), MMC(Mitomycin C) %
MNNG (N-Methyl-N-nitro-N'-nitrosoguanidine)<)
4554

2.2 49 9y
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2] 7+ NG Y FQHolES 1mly E7}FAlslg]
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=Y, A Fo dpE AAE Yo E 94 B8
< 23 sk

g3 8 AL Imal et al(1981)9) WY& thi
WY i ngid

A4 22, colchicine—# AN, A, N2H
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Table 1. Effects of EMS and MMS on the induction of X-Y chromosomes and autosomes dissociation in

spermatocytes at M1

Mutagens No. of cells Mean % *£SD of dissociation
(mM) observed X-Ychromosomes Autosomes
Control 814 7.17%1.44 2.12%1.50
EMS(5.0) 878 9.50x3.18 2.53f1.72
EMS(10.0) 701 14.14+2.52 2.38%1.55
MMS(5.0) 823 15.61£2.60 1.88=1.77
MMS(10.0) 758 15.156+2.17 4.23+1.41

Table 2. Effects of MMC and MNNG on the induction of X-Y chromosomes and autosomes dissociation in

spermatocytes at M1

No. of cells

Mean % *SD of dissociation

Mutagens observed X-Y chromosomes Autosomes
Control 814 T.17=1.44 2.12%1.50
MMC(0.25mM) 1055 8.33x2.20 1.89+1.22
MMC(0.50mM) 753 11.67£3.64 1.53%1.07
MNNG(1mg/me) 650 15.77£1.73 2.26£1.66
MNNG(2mg/mé) 669 17.63*3.64 2.45*1.36

59 FAALE AM AERF4E¢ 92 slide glassi}ol
Hrgz Hyog Ay AE RadE Hilsle H4t
A7) 3, ALl Fwte] B & acetic acid§ A 3}3},
AL A 2447 F7) AFAZ) 3ol 4% Glemsa 4
Aol 17872 A48t
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Y G4:7ke] 71Ae) Y AN Hojnurt I # 2]
2=z 2.

Eodolye aFE v zslr) 93 & 6287709 F
ZIMAZES Aoz Jasigd s, BALB/c(3)¢
wild mice($)7ke] ol gk AFA e 2] EeHl
X ZAE $ 3 BALB/c #7)1A% 950/8¢} wild
mice Z7]1AE 2627 ¥ AF9) F7|14X 39545
gjatog zASIS

3. 43 9 2%

Z4 299 F7] 19A 64 AP dutgdoes
chiasma®?] $|x]e)| o}zl 8418, OAY, —A Y, +A3
9] 47}x) He2 E&Asted ua, A9 —AY
0.2 end-to-end AL 32 ged, X ARALY @
AA 2-3u2] Po]& viehlr] w)Fo FHo] Lo]3]
t}. Fig. 1-& BALB/c Al 54 A3 $7]19] A=
(Alg} X-Y 944 =r18e]7l deld AlxBig A4
A7l 271822 AZCIE 2952 e, XY 94
A 271289 AeAde 2 228 HFe] 1.5-2u 2
Y S48 7 e & F71 sl

3.1 XY |94 Zr1E2]e) Edeldl AEARA
8 4875
4Z 72 Edeolg S AN ¥, HA4¥d A4 F
F7) 1o velbe XY G434 271829 l=E o
73 v 2 Azt o83 2ghd
Table 12 BALB/cg B 231 7Y Sy
o2 <2zl EMSe} MMS AMald] dii F=¥, X-Y o

QA3 A qA e 272 IEE ehd Aol

EMSE thekdlt AEE4 sloir AET 938 F=
Edwio)d 024, Drosophilasi A& A3 dAA At
E fitalm, Al B FAEGHE doved o
& el 7]k €7 F % guanined ethy-
lationA]7] 225 GC-AT transitiong i, olA-&
depurinations] Q7o) Hej @ F714 AAL do
7]4 RcHCattanach et al., 1968).

HA A2 Afel= Al A7te] ugt X-Y
qA ¥ W oF 6.38%0 4] 8.54% A, T o}
7.17%2] NEE vaw, AGYAe Ao 1.74%
ol 2.55%2 HF oF 2.12%] F& Wl E wyrch
EMS A2l F¢ #-$dle 5.0mMellA] 8] Alztel] ulet
ok 7.14% 9l 4] 12.19% 4] FF oF 9.50%2] X-Y 44
A 2E AEE 2o 2T F 1.389 Wl F
715 243 10.0mM 24| 12.03%04 15.15%2
A B oF 14.14%9 278 HxgE v g2
o} 2u2] W% /18 vt &, AL A
A& EMS 5.0mM3} 10.0mMol|A z}7+ ¢ 2.563%32}
2.38%9) ¥ E Be T 2.12%¢] vl&H 43
Al zlol g ellA] odstcl.

Chot et al.(1995)¢] Azlte}l ujms] & o, ICR
straine] EMS 10.0mM& Aag 79 X-Y 944
Z7)1 889 Wxst E dFd4 BALB/cd] EMS 10.
OmM& A4l & Wiz} 248 =& AL & F
9lelm, At Aale 1.49%2 2 A3l 2389 0.6u) 4]
AFsle N2 foAq Ao]lE Byed ol AF
o] W2 EQwWelge 4712t Rold ¥ Aol
Alg "}, o83, EMSS] 4] AA 4 AAHF F
7] stAlQl AAEL AR} AA L Fge] & Zo=
B3asln gled, $444 g9l 84 A,
SLM(specific loci mutation)E =3} v (Antony,
1982), FiolAd & A e W=E oy Z/HAAZENR
2] x ¢lcHCattanach et al., 1968).
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MMS 5.0mMA 9 74, XY 444 27)%e 9
¥ 13.70-16.73% 2 HF 15.61%% ¥ E ¥4
dl, o] A& ol 2T vlste] < 2.2u) A= WE F7}
£ 2o g, Ad A B F 1.88%E =P
ol Hlste) b4 A HUEE Vel

28|31, MMS 10.0mM A 2] Fo| 4+ 14.55-16.09%
2 & 15.15% UEE Rojed o] Hlxe xFs
vl o 2.1608) HlE F71E Relw Aolrl A4y
Aol 27| Ee WEE FF 4.23%E d2F vy
o4 2 WEE el

MMS 2| FollA] Sol¥ w3l HL Az, ¥59
X-Y 44 27189 WlE7} f9HQ 2] E BolA
skthe Aoltl.

Chol et al.(1995)2] «7¢j4] ICR straine] MMS 5.
OmME A=A 92 ZAi}e} BALB/co|l MMS 5.
OomM< A{A 4 AAE vad £ o XY 94
A z71E8] Wew 168 =A4 vebgm, A9
Z71%8 W 2.60A xS FU1E Aok 283,
EMSs$} o] Az} UAAF YA 28} AR -4
AL E4ddie], 44 A, SLM5§ 2k 48
# 9ltHAntony, 1982; Generoso, 1982). MMSsd] 2]
8 dejds A A XA chromosome-type a-
berration& Az} A< A GAdA A2 24
d] alkylated® ¥7]& X3}y DNAe} nonen-
zymatic conversion¢] §X% o] DNA strand?)
breakinge] 2 Mtz AF= 4 w7} slckTanaka
et al., 1981). 18], Nagaos} Mizutani(1983)2
mouse embryo2] hepatocytesell4] MMS7} -#% 38}
embryo lethality2} o 4 o}4}e] caffeinedl] 2} &) 714
HAds 98 37 3.

Table 2= MMC2} MNNGS] rxd gl & o
AN z71Ee Nxe WaE 27 vy Fo)
t}.

MMC+= bifunctional alkylating agent2x] Strep-
tomyces caespitosus (griseovinaceseus)ol] 23] A
S 4549 YFo|9, in vivosl A alkylating
metabolites2 transformationg % ¥ DNA %Ae]
gL F Aoz F g8y 2d(Adler, 1976),
moused) A LDs,0) 5 mg/kgo 2 Busn 3t}
(Bempong and Trower, 1975).

MMC 0.25mM HzlFelA X-Y 944 =7]8=] 4
= A F] A7lo] we} 7.85-8.73%] WHAZA H
T 8.33%= 1.2u]9] Wiz Frp7l eptx| vt 24
Aol NI, AFYAE 1.89%2 d2F3} FA
W E§ vehligdoh. 223, MMC 0.5mM A 2] T4
Jehtbes 37 11.67%(11.13-12.03%)2) A d 42
2713 s d2F9 1.6u)9 Wl 718 By
oY A4 4Ae 27188 WEE 1.53%2 a7
23t A% Byed, Ay F9 AW 2] £
iz o] fo]Hel Hoje Hict. oleldt Z = Table
18] MMS 10.0mM A2 T4 Y& AFqA¢ =7
¥ W= Frle @A o8 A5 dzA ot

£ A3 As-E Chol et al(1995)9] Ao} v]ws)

o]l 1 &

27, ICR strains] MMC 0.5mM-2- 23 3¢, 37
14.82%9] X-Y 44 xr|¥e] WixE, BALB/cyir}
1.28] & YIE2 Jephd ybd, Ard4a39 z7)39
¥l X BALB/c9 0.6u] ¢} 3] 33}= 0.98% 8 B}

3% %9 alkylating agents& ICR 3} BALB/c
strainel] z}z} X 2] & Chol et al.(1995)9] ZAx}so} 2 o
T AE AAA LR way B9, XY 44 =)
¥e W= EMS 10.0mM, MMS 5.0mM., MMC O.
5mM A 2|3 2E# S|4 ICR straine] BALB/cH t}
& 2o ded M Uk, A9y 2y s
+ EMS 10.0mM, MMC 0.5mM o A= 2358 24
F A& Ho]l3, MMS 5.0mM9] 7oAl E 2u)] o]Ate]
UE F718 Jehdls So) A& A1 4 3.

o] AL Eqwol U zg-o] AFZte] o] & Hole
Rez, geld AFT vie} o] 33 Ao WY &
3 $A3) 7)1, 92 DA G AT 455
2} xjolel 23t Holel Alg X}

Adler(1976)2] B3] wt2w MMCE: E4}7]-F7]
194] 1744 4 A, gaps, fragments, Avjd-& A}
€ A7 FA Al E o) Wxr} Fre Azte we} F
7HE A, M 28 iEe Ag¥F 129 Fo Jehld,
MMC:= DNA B o] 43g Fof o] Az7} 4]
o] = AA Y SAXNAE s, Avd, 45A
& f=3ld 4 ¥ AR AYE FEs7E B
€ Zolrt. = o]d MMCx Al ¢4 FHAex 2
Z4-2 Axyt gao, 44 27)dAE A4
SLM9] Hl=g& F7HA71a, F7lele Axdse] e
E Mg 12 E gl

MNNG lmg/ml 32|32 X-Y d4A 7] ¥l 1l
7} 279 2.2v) Fxq 15.77%2] HF HUES B
Qa, AdYA A 2.26%F WE2ZH FAG U
£ 249t 2mg/ml A} F A9 HEE 17.63%3 o
Z79 <F 2.6uq) Gl WEg wxE Z7) 44
€ Boly Wbl A94ilE 2.45%2 Img/mie] A4
o} FARE e E Byt

MNNGe| Eqiuieo|lAd] Fdde APz 24
713 sl A e 9loiA thik BdAY BuES B 4 9
(Park et al, 1976; Kim et al, 1980).

o)Ate] AstolA B 4 gl vie) o] 452 Edul
olel ¥t AMA =y] o) Wk W= FGNA
27182 Ax wWisld] cfazte] Aol AL, 2E
QoY HedA BA FE ol AT X-Y F4H
o] o8 Wsrt Svlsle 42" AYAHE By
ez, AZke] A o daMe 2] £ U=
W3le 4ok

welA, old ARELS F4A S-S A%
3, 9% AEE gollz] 413 short-term S0l
RAEAZA, XY 944 z71287] 44 7Hs#E A
Algle Aolch.

AL
Jn

3.2 X-Y 9444 Al Boste H212S] AE2
o]

wild mices} EAZNAFRS] FFE ol 4ot 9
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Table 3. Frequency of dissociation of X-Y chromoesomes and autosomes in spermatocytes at M1 (BACB/c,

wild mice and their hybrid)

Mice No. of cells

Mean % £ SD of dissociation

observed

X-Y chromosomes

Autosomes

BACB/c
wild mice
hybrid

950
262
395

14.12+4 .98
19.24+3.28

7.33+£0.72 1.10£0.73
7.63%4.27

3.69+2.68

20

15 -

% of dissociation

W

2 '.
%g i Tt

BALB/c Wild

mouse
Fig. 2. Frequency of dissociation of X-Y chro-
mosomes(s ) and autosomes(?d) in sper-
matocytes at M1 (BALB/c, wild mice and
their hybrid).

Hybrid

QA =7 2] HNEE ZAR o] 99 dFeA
AEL FE9 AS A4 &3 FARE XY 4442
Z27) #3 UEE e A4 go, oW AFT
ool g B A H e BE AZAAH 2R
2 AdAANE /HAE A$E glen(Beechey,
1973), &4+ wild mices} FA el AF7ke] anfoff
218 AEoA e 2718 A EolHog 50%014
9 & ¥xE Jehyglckimal et al,1981; Imai et
al.,1990; Matsuda et al.,1982; Matsuda et al.,
1983).

B gFAE §ZA4 ok F4l Mus musculus
subspecles®} FA4| 3u] A £ BALB/c7te] FE& o]
23ty et

Table 37 Fig. 2+ wild mice(Mus musculus sub-
speices)e} BALB/cZbe] A5g AT ¥ 47 L2 g
3 A2 XY FA4A 2y R e AG A =18
£ #4, vizy Az, A4 2o EeNEE 8.
69% 2 wild mice?] 7.63% Xt} 2 w]golA|
BALB/c2] 7ZA$-Brie 2 v$2A U puEe
Z70%E A= Ao e ey, XY 944 20 E
gl ¥ixE X u ol ¥t wild mice 14.12%¢} BALB/
¢ 7.33% 5.t} 1.4u]ol4] 2.6u} =& 19.24%2] ¥l %
£ vl

olzigt ANz e AAY & e AL AFTY
Eoldt AR X-Y AN AP BAdtE HLoz,
ZAZ FAA A ERYAZ AF EF FARES] Udylo]
o] FoyA) 2] ¢o} X-Y G4 A x| ¥ Wxst FrHd
Zolet 2=y,

X-Y 44 Aol B3t Axpl A7 o7 A7
ol APHAR, 2 A&l A 1A 2AEe]
FAs ez ot

Krzanowska (1989)= X-Y |44 =7 £271
t}2 % strain & CBA strain(29%)3} KE strain(7-
11%)8 ol 43t CBAY Y 9442& 7txE
congenic strain KE.CBAE %tE¢] KE strain¥} v
g, e W XY g4 2r]Eert dor},
XY 944 2¢ds QA Y 4A 9 F@scty F
A, X-Y 2459 17149 ¥WxE translo-
cation heterozygosityoll 23 7lo] oluz}, Y 1 A4 4o
24 A ¥t 54 (Boer and Nijhoff, 1981)%} =
AZANA T FAA Abol2l Ao BASste UAE
Sxr2 W EHAd Y d4H Ao slvke FARE st
(Evans and Burtenshaw, 1982; Mahadevaiah,
1988). 28] 3, Matsuda et al.(1983)3 Imai et al
{1990)5 % end-to-end ¥Fuie] ZAge] oW {HUR
(Sxc)ell 8j3te, 221 =I1#EE Auisle KA
o} g}x)9} Al el Aolol] Ta AFI ¥l = AF
9 AL AaRA} X-Y G4 27| ez
glo] A% #HAL 7HA e ¥ (Matsuda et al.,
1092) glout 2 o chabt AERE] AHEYA s
9 #4e) 8 7Ectw B

4.7 £

moused A otz XY 44 zr1Eer B9
o9l F&EAZ &4 75TAE =437 S8 FAX
] A 59l BALB/cE o] &3le], 4F2 Egdteld
(EMS, MMS, MMC ¥ MNNG)& 3§ ¥ A 1
249 Eato] Jelhte XY G4A =89 A A
2713 e d2EH vimega, X-ygdaA 3%
Pof fAL AL BolA & =AsIGI

EMS 5.0mM 2] $£9 X-Y d43 2r|3e ix=
3 79.50%, 10.0mM A2 FodAde FF 14.14%2 9
Z7s} v 2e o, zb7k 1.3} 2uf 8 10.0mMel| A} 2t
z2FH g-2l4al AolE Kl whd, gyl d=
F3 AR HIEE B

MMS H2]F9] A4, XYy 944 =71 #e] Y =& 5.
OmM, 10.0mM xj2] %o z+2} Y 15.61, 15.15%=
NEF v2E o, of 2.2u¢] HI=ZVLE HelAW
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T2, A7 foAQ Aol Rolx) w@stw, AdA
ANl 2R YT 4.23%2 2T 98 o 2.
oo AE2 ¥ WEE Yehyc).

MMC A2|Fe] 744, X-Y 9444 2|88 dEe
0.25mM A2 FeollA HF 8.33% % 272 1.24), 0.
5mM He|FoA HF 11.67% =2 279 1.6v]<] ¥l
E 278 2y

MNNG lmg/ml8} 2mg/ml 2l X.Y G444 =
7182 ¥%Es 7247} 15.77%, 17.63% 2 2T v]s)
oF 2.2u, 2.5u]2) Hl= Fr1E mgon, Adyae
zZ71¥8 dEe = of dzgae] §274 o)
= fe A2z ey,

el Az RE, XY g4 2r|8e] UEE Ed
ol Fxd e} diE v Fr1E vl uwbd 4
A EQHY FFed wel FolHo|4ir). o)y
3 A XY 984 27887} short-term 44
o] AEARA $4715TE AAg.

223 X-Y gAY Agel #od3te 5 A}
AE7 ) B0)A Q)7 E A} sbel =4 BALB/c(7.33%)
¢} wild mice(14.12%)9] X-Y M5 =r|&a Wew
t} o] T AE7H2) AFA 19.24%2 & NE =)
9] AR Hol XY A4 Aol AFA o)A
Ax}e} A=) o] YUvhe AL AR
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