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SUMMARY

The effects of mutagens, MMS and captan, on the patterns of pro-
teins synthesized during the carly developmental stages in mice were
analyzed using two-dimensional electrophoresis. Three classes of pro-
teins were observed in terms of synthetic pattern during the preim-
plantation stages. The first class is synthesized from the m-RNA,
which was made and preserved throughout oogenesis and activated
at the fertilization. The synthesis of these proteins did not seem to
be influenced by MMS. The second class, which may be stage-
specific proteins synthesized by newly transcribed m-RNA, was selec-
tively inhibited by MMS. The third class, the synthesis of which is
also suppressed by MMS, is the proteins synthesized by the m-RNA
transcribed in augmented fashion. While MMS inhibits protein synthesis
dependent on the new transcription, this mutagen enhances a synthesis
of a few proteins which were not observed in the untreated embryos.
Captan did not affect protein synthesis at morula stage.
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Azt whA B4 w4 gdE= gkl £ (Bachvarova and Leon, 1977
Burkholder et al., 1971 3 McLaren, 1976 ; Mintz, 1964 ; Tasca and Hillman, 1970)%}
A AEAl AlARAe] qlelxl m-RNAG] o) she] gh4ls whelAd = of 4 xlvp (Braude,
1979 : Handyside and Johnson, 1978 3 Levinson ez al., 1978 ; Tucker and Schultz,.
1978 ; Van Blerkom and Brockway, 1975 ; Manes, 1974).
ole T BASl AL S T gk AF1) WA E o] Gl AT 27

A4 E4dd 0] A 0] %’%01 Methylmethane sulfonate (MMS)s} captane] -§-x1=} =&

g wm HEEpE TIE 4 0% Aew Auan.
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2o Add e /‘1"%‘?11 i FEAEA A TPk A-strain A F 5 A-Eskglvh. A4
X 2495 ksl Aze] Pregnant mares serum (PMS, Sigma)¢l Human chorionic-
gonadotropin (HCG, Sigma)E =7 5 LU A 48417k 74 o7 8- Fa1gho 2 4 zhvhy
2o - edt R F4A g0k HCG F4F 29, 39, 490 Fof] 2 241 27] wfjof,
v, Za) g guka, 2P, 24 AF s ok 2R g A vkl Cho and
Kwon (1979)¢] |8 7153 wlel 7.

A2 vl okE w4k v ek (Cho, 1974)e whe} 37°Cell 4] 5% CO.F Fiwiar F23
G A EE ATl A wekEtgdeh. wlobE AASAY E W=
(Standard egg culture medium (SECM), Biggers et al., 1971)-& A-83}gl o, wjof
)6l 3= 0.49% bovine serum albumin (BSA, Sigma)E Fr}g ZE) ok & Millipore:
filter = <d3}sled 2}-E35hgd uf

2. 2734 Eedelsl el ¥ Hleucines] E
o)

b2 20mbe] 3 el 4] 2~34 Zkell Az AT 70 A 13070 2] 24 =], 4HE] EF&
A4 7 e] W) olE Kreb's modified Ringer’s mediumel] _w_nL%}Oﬂl vy} Eoluwdo] 8]-8- k8-
g T ofellol] EA Q] gF el ) ekghe LH Folyeldor Arlshalvt

MMS 0.1 mM2] Z5 =2 24715k A e] 5% MMSE A A &k 3 okl of] 4] 100 wCi/

ool
mle} *H-leucine (Amersham England, Sp. Act.=46 Ci/mM)=z 224 7+

N-(trichloromethylthio)-3a, 4,7, 7a-tetrahydrophthalimide (captan).c =
Q-of] 1= 42 7FE- ok WA 2] gk & captan-g- §--§-3F FEa] okl o] 41 100 #Ci/ml
LB 22425k EXsheleh duk ERlE v ebE okl o 7 33] 4)A g & lysis buffer
(O'Farrell, 1975) 25 plel] 4 o] microhomogenizer® H-ai g 5 —20°Cel] zks)ed olr}
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A7 dFgd o
MMSe} captand] A% z2 22 0.1 mMsl 0. 125 mM=z 2 3 syl oF (Kwon, 1978,
personal communication). 24| =], 4427 3§ 2-4d7] 2] violE o2l rpx| el MMS
W} captane = A = el MAS 7 B GREE oAU EE 2ATed
1

AR 5w s A eh,. MMSY 7 el wjobe] whjo] tha da|=i Wiz} 2] kA

—

N

14-'
e "
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ks AL w4 ebed vl Captan
o} A% 0.25mM3l 0.125mME ~pAx AEskedvh. 0.25mMel A= 2 o gFe] A
vz A #A ke Al Rl (eytolysis)E o v, 0.125mMol A& ufE T3k of 3k
FAGe dor ngont 2 A4 9 UEL HeForA captan2] Tbfel AT
Aoz AzEe] 0.125mME Ay rxar 7534 o}

1. 0 u

Mepe] WA the st 2w gEsdde £ 998 FAGL Fre
A sl Ao A we Al uldlwlel R FE 2 gkEsted vk, N-(trichloromethylthio)-3a,
4,7, Ta-fetrahydrophthalimide (captan)2] #-¢% A4 ¥ %5 0.125mM=z A g,
Captano 2 AHelete 75 4475 A2 F captang -3 EFu] ok o 4
100 £Ci/ml¢} *H-leucineo = 224] 715 ok E =] 3+ vt

|90z My 2o Hesa wo wobE a4 4¥T ek o] *H-leucine
bl g O Faxrel (1975) 8] o]z}
(Bonner and Lasky, 1974 ; Lasky and Mills, 1875)c = -

ol z1¢l o1 Isoelectric focussing¢- 140 mm}2. 4 mm L D 2t
Lysis buffer (O’'Farrel, 1975)¢] *olgl= whuladl g% oz Ao '5177]7 4°ﬂ 200
Voltel) .4 158, 300 Voltd] 4] 303, 400 Votoll 4| 307 prerunning st vh. dwk A1 25
A= S31E 550 Voltell 4 15417k, 800 Voltell 4 &4} 7k, 2 9050 Volta] 7o = 4] Isoelec
tric focussing-& 3§ 5}¢ v},

ol A7) FS ety s 4= OFarrel (1975)q) 23 A=zl FHe fE 3t
(1814 cm) 4teld] o] 9em F7 0.7 mme] 9-15% exponential polyacrylamide gel
gradient-& whE3, i}y A% 1% agarose-in-equilibration buffer (10% glycerol,
59 p-mercaptoethanol, 2.3% sodium laurylsulfate (SDS), 50mM Tris, pH 6.8)&
olabsl Ao ARk A G-E AskRel 222 SDS buffer (0.3% Tris, 1.44%
glycine, 2% SDS)& W 3}ck¥eol ZF SDS buffer (0.3% Tris, 1.44% glycine,
0.049 SDS)E d.o v}& A% 20mA2 AFE 2045 prerunning 3¢ of. Al &84
elre] 224 SDS buffer® AlA A7 EF SDS bufferz s-9-o1-& A=k 125 mA=R
64 75k 10°~12°Coll A 71 7] of 5819 o}

Fluorography2 #}»| $1s] 4= A% dimethyl sulfoxide (DMSO)el]l 4  wh=p4] 7] v}-g-
2025 PPO-in-DMSO (w/w)& 34 75k Al st vl A% L2 2ol v What-
man < 7}x (No.3)ell e 71247 Lasky and Mills (1975)¢] wjolwlz} ZE3hat
Ao 2 preflashgr XR/1 X-ray film (Kodak, royal RP XO mat, 5X7 in)el] = &4
A —70°Cell A 4~1094 7 > FA gk

oz EAF T BAS A7) 9w = fluorography
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Hdolale] 7 Aol =B zbel g4 of4k2 Fig. 1A, 2A, 3Ad4 nelFm
& fluorogramxz} 7hc}.

Fluorogramel] vtelut wtelzle] F5-5 926 oo} 2437 S5t A =& fluo-
e 928 1, 2, 3, 4, 5 602 EAg
Bl A}l $12] & &4 3be] fluorogramzbe] =hulA
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Fig. 1A= 241279 2 u] 2 24 729 v ok3l & *H-leucine o & 224 7H5¢F E A
Shed EA Az 28 Z Aol A 44 270 o] 2 sl AR gk Ae] oklg w

T ek olw xkAle] F4 203Folddh. BE 2 A4 A2 20095
o] 2427l 4R whdd ARE dmshe olztae ¥ 4 glo), A
W T b Ae] W zrle TR gl-go] Eeldstgivh old FAEE miue
WA A E G4 459w m-RNAS 15 2427 WA] 4420 ool 345
o] S E7H53 m-RNA9] oste] 415 Aotz A=z}

Fig. 2A+& 4427104 8AlZ 7o) o]l2E 77kt 4% wtwale] okate = Fig
1A Al RE 4427 7hA o] A k4t o] B8 fa} 1071 &)

bl Ao 4] F o] A A Z A o] A Bo] dH4I
o] A4ts]e] 1}-& m-RNAe) & Z etz b7t

Fig. 3Ax 44716l 4 xuj7el] o] 2 Afolel dojrt wbdA b4 okalg med F319)
tho o] I zkEqtel]l 543 4R wwlA 2 A& Fig. 3Ad] VE & &k
FolH Z9elli= 8AlZ 7)o wbwid 4 okdba) o Fabslyl o
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oA At vkl e AF o] Al 2Bl e whulal g4 okibe] n] 3|
© o] e add] Wit d7dgdrl. oo fudow gud gk =
AL Azt FEste] 2 gabE A okadell i Ador 4 Eaiuo]
waom gt S e bl g RS el e dkel e wlwom Bl
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2A 27 o e B 24 ZhE ok MMS®2 2k § 2493k opwla g4 ok4k (Fig. 1B)dl]
o ehe e A7l A Q ko) 4 AR ki Ae] A E A e Hos B o
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E7]6] MMSe] sJahed A% =ude 23 F x4sle] V& m-RNA 2|3t 443
Aol we A4 Fu gehw shach 2eiv oA
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m-RNAo| 2% & 5ol 7dlale A 2ok % 43 mRNAS sj53i5e MMSE

2 JEFe FA gt Aoz R
44276l 4 BA T 6] o El w4 A el s B Aze mhude] $4HT 9l
&% neAFYAUSE o2t bl G4 A%t MMSe] o]ste] ejxls 3 ol (Fig

Fig. 2A¢] V2 £4% @42 ¥} Fig. 2-Bel & Uehda g3 glgoz wepd
Az ko] ot G4 wuAe mEol dAlsE Rez walsh Fig 2B
fluorogram- 4t41 4 Fig. 1B 23} 79| §aehel. Fig. 1Bel 4= uel® wish ol

N

Fig. 2B A% 22 e Xebs EA% 4e] ude odase 948 2 a9
ohooleler Al +3F AL wdRes Gdselor S FFEA T A

Sol o3 m-RNA2S rdo] o oz 45k

ol 4b 44 T ol 4 84| T 4L Duio] Alkx FHe] mRNA¢ 2 4o
AlEhe oz Foldrh 1) $AF AaBE 2425 84T o] 2k o)
of MMSell ¢}ste] ola]5#] e m-RNA. 2) 22 432 712 m-RNA2 A $3F 7|

.
% Alabsle) ot FF 3 Al 549 $9de Y4oht mRNAZA sl 2o] A

A5 E 5ol B

AP el A El 7)ol o] 24 Aolol] FAE M2 WMol 3F<lul ] ale] (Fig. 3A),
of 7| 7EEe] AAlE HuAe) S FH s 2obstd e (Fig. 3B). AAd7]oll 4 Eu) ool
ol e $4SlE D s ohdoh 840 A A% S MNSel o
&% wAwd sh4e) b F Fig 3B 022 EA® wulae] 3hde] xsn gl
SE elsl % k22 AT B0 G40l ARALE A=z ok ol A7
FolE Frel Aol AT 9lee nel Fa gl el 8AxA7X PR
el oAt Az o=E AL e sl F HaRE 45 F 84257
#4¢ 25 mRNAS $o] Bz, S @A Y4es % 2 mRNA
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2 0.125 mM=} 0.25 mMe] A ge] g daue] 4EES z43kgleh 0.25 mMe]
-captan-- Ea““ﬁHOH Heks] A Q3PS Fo] AT A4S oy = Aer nol

& & -"r‘f Aoz 4=l 22 0.125 mMe] captan-g e A&
o 2 J&E FAHGES Brletzl, Az sl 22 AT &

2 0.125 mM2] captan®] g 3}& o 7shgivh 28l MMSE o] -3k
ﬂ captan-g o] &3 o Foll A= captang A P& Pk okut *H-
st Zj7kel £ AlS captanc 2 X #shglvl. e captang wbHA
g of 0011 A2l ot Jgx Fx Xehglvh
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o) 27 g E el w344 YFel Fsh mRNAG @ o]
4
A= = G2 el 43 m-RNAG o3k st o] e, a2 WAty
17k %ol F4 FHE m-RNASE oh& A 2¢ m-RNA gt b ghdejrh. 4
2 AR B A E A 4 F AL ol &t s s a v S A ST
Ak Al zeo] 4 == m-RNAG] o3k shaial gf4goleh olud WA sl =2 =y
FA49 glol4 MMSE: A2 45 m-RNA« 7|qlshe chulxle] 4.2 A =iwdso
2 A Ader uleh ofu] 24 2 A 4AE7] of 2z Abelel] ¥ =t
2l gdo] R 2l AlEle] e m-RNA] 7] ¢lshed 4] =& m-RNA2] A4}y MMSej
gt dA Qg Aelebe F52 vhEd e Rud AL s £AF 4
B o2 stwaAe gAgteta ¥w sty =w) (Cullen et @l., 1980 ; Levinson et al.,
1978 + Schultz ez al., 1979) ‘%] Cullen (1980) 1) 2] 3} Azl A ol v} =4 F 1447k
ofulel] A2 whufde] 4 vk 4AlZo o) 4 84| 276l o} 2 Alolol] A
H oAl Ao 4 EHHﬂOH ol B A Folx 5w A7]e] =& (time-
specific) =balzd o] §Hdef gl A o2 nels, el Al FAo] qAlFe Ao
3 2k v},

Tucker and Schultz (1978)2- 4z 2] 24| =7\ &l 164 7] wotel| A A= k]
FAel W a-amaniting] FgFE oj A8l A7 FEHos Pt 24 =74 = T
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and Schultz (1978)¢] od ol 4 HFd o2 g wrl, 24 F7 o4 Fel 164 7]l
a-amanitine)] &5l 2 o] dAE= cwWAe] EAFrla gt Bachvarova
and Leon (1980)¢] m.are] 2|3ka 43| 2] wxbell 4] Fe] feiqh =A 8] m-RNA= =)
Zlel] o]l Bl= Fol ¢F 70%7tA] ZHAFola shgich o] mm =
<+ fAehe wA¢ m-RNAZE w4 @goenz w5 wAle] m-RNAsH e F57
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MMSe)] &3t 28le] AFA FAE Aol dgivh. oo} frAbgk A-prk A u ot
B A gHAe] X a-amaniting] o] Wik AFNAE way ¥ glvk (Braude,
1979).

A kAdwe] gk MMSe] sl 482 radxtel] AdE FozA delvta gle
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= xdch B FHeAE 4445 mRNAe| st F4a Asle] = S
o AEzA MMSe] 4 49 oz 3 o] elalgy il Eelvh Awsl HF
24 +9e] i m-RNAE W¥doz Aagezd 4Ed, MMSe Aatel o
15 wbulgEelvh olshdel MMS: A2 45 m-RNAe] ga AL 5E whi)d
+ = e, MMSE ]y =] -2 2 4baiql whlof] A= a2 }a} £ e
[e] 0
e

- k=
G494 225 490k dglsh Captane 431 4ddel =4
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Fig. 1. Fluorograms of radioactively labelled proteins synthesized for 22 hours
by 2 cell-stage embryos without(A) and after pretreatment with MMS
(B). Separation of the polypeptides was achieved by isoelectric focussing
between pH 4.5 and 8.5 and 9-15% exponential SDS -polyacrylamide
electrophoresis. Proteins inhibited are marked by V. Six arbitrary fing-
erprints appearing consistently in most of the fluorograms are labelled
with the numericals, 1 through 6, to make an easy comparison among

fluorograms.
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Fig. 2. Fluorograms of radioactively -labelled proteins synthesized for 22 hours
by the 4 cell-stage embryos without (A) and after pretreatment with
MMS (B). Proteins, synthesized specifically at 4-8 cell-stages (marked
by V) and synthesized repeatedly every cell cycle (marked by X), were
all suppressed by MMS.
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Fig. 3. Fluorograms of radioactively labelled proteins synthesized for 22 hours
by morulae without (A) and after pretreatment with MMS (B). In fluoro-
gram (A) proteins, synthesized specifically at morula-blastocyst stages
(marked by V) and synthesized repeatedly since 2 cell (marked by X)
and 4 cell stage (marked by O), are all inhibited by MMS. In fluorogram
(B) the fingerprints marked by V are the polypeptides, the synthesis
of which is enhanced by MMS.
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Fig. 4. Fluorograms of radioactively labelled proteins synthesized for 22 hours
by morulae in the absence(A) and presence of captan (B). Protein
synthesis is not inhibited.
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