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Adaptive Responses on Survival and Mutagenesis during
MNNG Pretreatment and Lethality to UV and MNNG at
Different Cell Stages in Aspergillus nidulans
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AEEe MNNG7 Aspergilus nidulans®] AEXE 2 Edwo] foo 7= JFL FAEAC
Nontoxic8tiL submutagenic® F59 MNNG A HEyr ¥& 72 A8 A8 HAE 2 EdW0]
gute vEx 2t ol st A= Aspergilus niduiansl = MNNG o 2]¥ adaptive response”t
dojux] gEthe AL AAbstm ok @ol #Ae 3 WA AAE FdelA, APER MNNGel
g3 XALSS ZAMSER Uvel olg A&EXe uludeh UVy MNNG HEl Al AA&e S HX A
7} AA7A Z7pstA Tl DNA B4 Al 2438 JeEhdAeh. MNNG A8 Ale uvet 238 G2
HZE Ao ZArge] 7HE #doh

We have examined the effects of low concentrations of MNNG, alkylating agent, on survival and mutagenesis
in Aspergilius nidulans. Pretreatments of cells with nontoxic and submutagenic doses of MNNG did not reduce
the cytotoxic and mutagenic effects of exposure to a high concentration of drug. The results imply that
adaptive responses on survival and mutagenesis for MNNG treatments do not occur in Aspergilius niduians. In
the first mitotic cell cycle during germination, the sensitivity to MNNG has been investigated at hourly time
interval, and compared with that for UV irradiation. In both UV and MNNG treatments, the sensitivity increased
till S cell stage, and decreased while DNA replication continued. Different from that shown for UV iradiation,
lethality to MNNG reached to the maximum at G2 cell stage.
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LA &

DNA#H9] strand breakagelt §71€4 &4
adenine & cytosine®] deamination®. 2 <Igt
Al AR 2 MMS(metylmethan-sulfo-
nate)t MMNG(N-methyl-N’-nitro-N-nitrosogua-
nidine)®+ #& alkylating agents =% 4-NQO
{4-nitroquinoline 1-oxide)s} 2& 3Htd Zdw
o], UV light ¥ X-ray 59 £33 £d¥o]
Ao o)sf WA H o (Miller, 1983; Singer$t Kus-
mierek, 1982) ¢]2] ¥t o] EdWo|dol] 23
4€¥ DNAE 318A7IE 7]1&E5o] #do %
A7 go] Y=o grh(Friedberg et al, 1995
Prakash et al, 1993; Walker, 1985). *&loll &= &
Az Az HHE o433l DNALEY 3 H
#A"E FHAES cloning@dozM  E4E
DNAE 3 Esx 71&n =dd dg £33 #
T"‘]’W«} o] & o} *“ﬁriﬁ; At ol A3y

Tt EF dde Agse ME DNAEY
°ll oJste] of7|& i f wkgel #AHNEL Fi
=ul, E coliol AolA DNA&EGg] o8 2
SAAGEe] YREL & F 712 networkel 4]611
z2-50jxch 1 AME RecAs) LexAel o3 =3
¥ SOS networkelil, S8+ Ada wridel] s
245+ adaptive response networke]tHWalker,
1985). SOS network:® wwr AB,CD w33 &3
excision repair(Kenyon and Walker, 1981), recA<t
ruw FAARE] 93t daughter strand gap repair,
recNF73Akol €13k double strand break repair
(Picksley et al, 1984)%} umu CD FHA g &g
Eddo] §¢ 5 DNAZE &48 B%g A E3}
=o) Ao oy fAxREY 2¥ 9 {2 ¥
3tal 9lev, adaptive response network:s alkyla-
ting agentoll 2% DNA2] methyl, ethyl7]19] 213
A A Aol #FosE methyltransferaset} alkylation
g 4719 AAC BAEE dkA FHA AEY
3-mA glycosylasell o f+& =H3la 9lch

Adaptive response¥ A ¥£E nontoxicd *& F
‘LA alkylating agentsell ml@l &g F toxicd
i&i% Helsd HE XA 2y 5duo]
Nert gasE @48 2y 19779 E
colt(Samson and Cairns, 1977)elA & <&
ole} Bacillus subtilis, Micrococcus leuteus(Ather
et al, 1984)¢% 2] T HF MEoA 1 HAdol &
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#HA 3 Ao} E coliol Q1A adaptlve responses=
alkylating agent2 <% DNA 49 0°-mG, 3-mG,
7-mG 53 & &4% O°-methyl guanine
transferase®} 3-mA glycosylasell(Cairns et al,
1982)8] {2 Qs FHEHFHE Lair, ol A
3134 Aol o8 FAHAG shR R %"*Olh’r
o5 e BEo|Me] DNA&E/G o Uit 2 kg
o] A ARE =9 gl Hol gon 53
alkylating agent®] %+ adaptive responset> Saccha-
romyces cerevisiae(Maga and Mantee 1985) ol M
AT QA Fe HoE nFo] BE ME F
BAQA kgo] ofd HAoeg FEHN YT
Fiole] glojA DNA 3 H7]2He f8 QEoy
I&F MEE st ofF Uizl wirt Mo}
recombination®] T FHEAQ FAje] folaim
2 DNA3|E 7]zto] AE®H Be EQno] FEof
recombination 713t¢] A3E Y& Ea B4AH
&t AA=Z Ustilago mayvdis(Holliday, 1967),
veast(Haynes and Kunz, 1981; Prakash et al,
1993), Neurospora crassa(Schroeder, 1970. Baker
et al., 1990), Aspergillus nidulans(Shanfield and
Kaffer, 1969; Han et al, 1983; Chae and Kafer,
1993) & A -5"3151 DNA&A 3j87)gte] &g @
& EARo] FEo] fHEA EAE Faf, w3

2
A4gors 7

it _(-11"

198 o]&38 o8 =&l cloning
o] DNAEY &5z digh olsj& F7tA7] 1
Ak DNA&EAY #8713k Edwe] 9 recombi-
nation 3 4% 1¥ B33 Adde] e
g DNAEAete] 43 ZABoAMm AEe] Y58
w9 T 99 7]'7‘] AE Adtge] geiAa drt
(Friedberg, 199). 53] cell cycle® ﬂﬁﬁ}oﬁ DNA
3] % 7] 2K Barale et al, 1982)°]u} E¢mo] fitel
et A7t Gl, G2 stagedl A 2] recombination
mode(Fabre et al, 1978)°l thatel 1 F 8ol &
#Hz b ot

B Agd M= Aspergillus nidulans® ©] &3}
o] alkylating agent?l MNNGeol 3 adaptive
response®} germination AlZF H2 AEL XA &
I EQdo] S WEE XA
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Aspergillus  nidulans FGSC  168(suAladE20



Chae : DNA repair in Aspergillus nidulans 47

adE20 biAl; sB3; choAl, chaAl)& W T#F2
ARR-BE T AE 9] w2 37TelA A=) (CM)
of 3dUz s A7IE AT A CM
o} sodium deoxycholate(Sigma Chemical Co.)&
HE F% 500 mg/l HA HrIst AL
CM< dextrose 10 g, adenine solution 4 ml, yeast
extract(Oxoid) 15 g, casamino acid 15 g,
vitamine solution 10 ml& /ol 59 1 liter®
A 8 % WF3td minimal salt stock solution 20
mlE YAt FLuA(MM)E dextrose 10 g, 3l
G Y 8FES ¥ FHFF 3o 1 liter
HA4 & ¥ PF359 minimal salt stock solutiong
20 ml ¥3%. ¥ #XE Azg H$ agard
2% = HrietAch B A A ALE3 MNNG
= Aldrich Chemical Co.olA FYstgon,
MNNGE o)zt &R/ 5o ARE3tt

2. MNNGOll CH 8t adaptive response2| ZEA}

FGSC 1689] ¥AtE 83t 4 HA) wijx)oA 1
A1y 843417 ¥ nontoxic, submutagenicdt e ¥
T 05 1 2 5 (pg/mhE 7] Mgdted 123 2413
E= 4AIZE B9 uvlekgt ¥ toxic, mutagenic® ¥
¥ 400 pg/mE 0EIF A

3 XM AP gy

0.08% Tween 8002 %4 XA4Z $83 9
0.05 M cold Na-citrate buffer2 A3 F 2 x
107 cells/ml®] ¥ 2 EdE petridishol 8 mlS
2.2 5 magnetic bar® EEWA 4A A A
A& ZAFSIE Y. UV lampse UVP INC.(CA.
01778 USA. lamp No. 3400801) #AEE& AL&3A
oo 29 M ZAMES 16 erg/mm?/secol it

4. Chemical mutagen2| 2|

2-3 x 10 cellsy/ml®] FHEAE H AA wj=]d]
A 227 B9k 843514171 ¥ MNNGE 0 pg/mld]
ez syt MutagendzlsE AEZE 006 M
Na-Citrate buffer2 38 MH3o 24 S AT

L. 2 3

1. MNNG 4 Melot 4&ETol ojxle 53

A. nidulans®) MNNG9l ™l & adaptive respon-
sed EA HHEE ZFA87] $138] bacteria, yeast

2 FFFAA ALERY adaptation protocold] &
3t AEE Askdc(Ather et al, 1984; Maga
and McEntee, 1985). 3tA| % 6217k o] 48 A 23}
£ protocol®l W3le, A niduluns® coenocytic
fungi® FAHAZAE 6A17F o]d AA uwiz|olAq u)
F3tE the] FAAE PAIEE RE APL
6A1ZF Wl atdth. 2z whgel gleid MNNG
05, 1, 2 (pg/mDE 1A ZHFig. 1-A), 242 (Fig.
2-A) & 447 (Fig. 1-B)&¢ A X 3 & =
zt#H o 2 (Figs. 1,2-A.C), 1At F(Fig. 2-B) &
£ 25217 F(Fig. 2-D)oll 400 pg/mlE A=
Aot 2 Fxo MNNG AgE 87 @& =
ol HlSted MNNG A A& & Axe 2%
%7} adaptive response?] A2 Az & $
Aoy A nidulansol = MNNG A Al A Ay
FTEE d2A4 g4 dd, 71E 28 AL ol
T EF 2 FRE Ayste A7E A7INES
A= E731 MNNGE 4 Hejdt Axe &
T F7HE EE F UG

100

% Survival
o
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0 200 400
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Fig. 1. Effects of MNNG pretreatrnent on cell sur-
vivals, FGSC 168 spore suspension was
divided into five eppendorf tubes and incu-
bated for 1th in MM broth. Then, 05, 1, 2
(ug/ml) MNNG was added into four tubes
and incubated further for 1h (A) or 4h (B).
Cells were collected and resuspended in
Na-citrate buffer. Immediately, celis were
challenged with 400 «g&/ml MNNG.
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Fig. 2. Effects of MNNG pretreatment on cell survivals. After 1h germination, cells were incubated further
for 2h (A, B) or th (C, D) with 1, 2, 5 («g/ml) MNNG. Then, cells were challenged with 400 reg/ml
MNNG immediately (A, C), or after 1h (B) or 2.5h (D).

Table 1. Frequencies of acriflavin resistant mutation.

Acriflavin resistant colony/107

Cumulative Incubaton time after Incubation time after )
MNNG exposure  first MNNG addion  first MNNG washed ~ SUnvVors @t a challenge dose
(ug/ml) (hours) out (hours) Liglmi) for 30mins.
0 400
0 0 0 0.55 17.3
A 2 1 0 0.83 18.1
5 1 0 1.04 241
0 0 0 0.41 19.3
B 2 1 25 - 18.2
5 1 25 - 15.6
0 0 0.31 517
C 1 4 0 - 5.66
2 4 0 - 4.98
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2. MNNG M Hza|7} geido| {ehol o|lxl&

k-

Adaptive response®] ® ©W& FAL adapted
Ao oixe EdWol W&o ZHiolt
(Evensen and Seeberg, 1982; Maga and
McEntee, 1985). A. nidulans®l %114 MNNG®
olgt E@Wo] H2¢] adaptation protocolE A&
T ZAF A AR WY FYskA sz
acriflavin A ¥4 EdWol gL EAEY] Y
acriflavine] 0.05% X3 ® CMel 3-6 x 10’
cells/plate A4 HFa Ao =EHQ acriflavin
A =dde] WNESL 013-055 x 10 oI
o MNNG A A8 5% 1, 2,5 (gg/mhe] &
dwo] WERL 083-1.04 X 10792 submuta-
genic¥ FEAL & F UAUTH

zb o] 9lojA] MNNG A o= &3}
1 HelshA e gEgol HE Ed¥e] N g
o ZAiE BAXA %tHTable 1). =
MNNGe] 28 Edwo] 3 3= 24133 €4
312121 ¥ DNA A HHdol 400 pg/ml A
Eqwo] ME g ETHTable 1.A) 5A1ZF o A&
& ZA(Table LONAM #A8® A& ¢ & UATh
1AL UVE Q3% Edde] f1A DNAEA 3
Ao 1 NESF 7H EA JElde 23 98
3¢ kA3 Qedlgt AZEo(Han and Kang,
1985) =3  MNNG2 alkylation® A==
replication forkel] $Adxoz &8 Rojes A}
Az dxéx UrHDrake and Baltz, 1976;
Miller, 1983). Table 18] Bt & batch® 43¥
A#nzAM A CH AYHez vuses dv
2 got A CY FUdT ADE BHAh

]

N

>

3. ck2 ME AlZjoflAMel MNNGeF uUvoll cf st

PA RS

DA ZRAE oAzl FOING Fe=
MNNG& UVell €% AE AL &34& FGSC
168% o] &8 ZAIGT AXE Hik A wA
o)A} do} AT MNNG 400 pg/mis 3087
A9 e, 5 erg/mmYsecE 3B AYME
zA e AEE A3 8 28 cHFig. 3). MNNG
U Uvel] TEH o2 DNAEBAZ dojutr] AZ
st 2542 AA e #FH4E BYed S
stagedl e 238 AFAPE YEHo oHE
satd zavo)delt UVl tid A¥o XAk&

o] DNAEA g AHT #™AE 23 Qe HAS
AlAbe] F3 ik 23y MNNGOl oig Ax 8
€L UVIAg 28 G29 M stagedld v 2
Ze4€ Yedn ed olRAL  postreplica-
tional repair systeme®] alkylating agentsol] 2}%
48 a9 oR FEIRA E5AY, MNNGY
AX AR 28] A W3 £ Wolr] 93
Autel ®gE MNNGY F0] did Ad3d
Hatel] 7] RoZ AlRET

1001

% Survival

10 T T T

Time (h)

Fig. 3. Survial curves after treatment of 400 wg/mi
MNNG (open triangles) and of UV (closed
circles) during germination of FGSC 168.
Treatments of MNNG for 30min, of UV for
3 min were carried out. UV dose was 5

erg/mm?/sec.
v. 2 &
1. DNA £4tol i 8t inducible response2l =X
75

MNNGS+ ¢ alkylating agentv= Ed %ol
drobe] F9IQle] HlE O-mGE EET e
alkylpurine €42 9otk o# bacteriadl A+
T&H AEE DNAYY o8t e FE9
methyl7] & & A9 cystein residued] 23 &3t
= transferase$} base excisiondl & 3HE glyco-
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sylase® 7}A 3 9o}, %3 transferaset} 3-mA
glycosylasell 8] ¥X% nontoxic, submutagenic
& MNNGE 4 HgAl Frtste @48 Holy
A A o]¥l adaptive responses E. colidll 9ol A
0°-mG transferaset} 3-mA glycosylasell ] A3
‘38 1008} o} F7HA171a uch

A nidulans®l 01X MNNGo| & adaptive
responsed] in vivo 482 bacteriatt ET-HFF A
oA AR o] WHE AL PLEE ETE
L AX XA Zne 5dwol fde oy
adaptation® #2E F g =& split dose
protocol & ©] &3 SOS 3 E 7]zte] fFuto] st
in vivo d8ANME A nidulansol A+ inducibility
& Jeidilz A %v Aoz 9 Exu gl
(Han, 1986) A. nidulans®l]l 114 DNA £4}ol
gk F%¢ W3S bacteriadl A LEA S0S
network“} adaptive response network®E THE
U448 g1 U FEgolWrh Yeastll M E
SOS  networkelYt  adaptive responseo]| o3k
inducibility 2] Z o7} 98 1 2 (Maga and Mc-
Entee, 1985; Siede and Eckardt, 1984) gtH o &
MNNG, UV, 4-NQOE°l 93l F2=+= trans-
cripts & DNA damage response gene(DDR)E ¢
gt A7t A&E o] st (McClanahan and Mc-
Entee, 1984; Maga and McEntee, 1985). o] #
DDR#AAE, & DINI, DDR48, DDRA29) 7|
T2 obA Al YA FAW E colidl A9
SOSHAAET B8t A, DNA &4do dig A
X ubgo) B Azhs oA e £g MNNG,
UVy 4-NQOo 98] aadez fadgdug Uv
U alkylating agentsell 9% DNA 3] H7|zte]u}
Ed WHo) F28 ojd DDRFAAY inducibility
o Aol A Aolgkes FFE st Uk X
5 M EZol o)A 9 inducibility:s ASME Z
A}gE virus® o]l &3l Weigle reactivation @4
o7 7tHAHor FHE i 9.2 (Radman, 1980),
Vaccinia virustt Polio virusE o] &% A @A
= Weigle reactivation®] 3=z ¢gonmg
DNA$/go] t$k inducible ¥H8-9 E£Al % &
otz AA L =& diide] Hau v wekA A
nidulansol 41 9] DNA$Arel digt /% ukg3
DDR #AdA¢ 22 transcripts€e A R,
3k o] &EAT repair, mutagenesis}e] F&
Fdo] digk AL FAE 27 AME in
vitrooll 9] #& FAH, AsEA HFo] 53

Hojok & Aolgtx Atg g

2. Ch2 ME A[7|oflAM{e] DNA #£=4&bof rfst
wrg 7|t

wgolol A Xxztel FALA 9= HepH, Al st
o, AztetA atelrl glon ¥ae weldAw
Aststd wslyr Fukgelgol  dEd g
(Oliver, 1972). A. nidulans® o} }A oA
DNA EA7} Al&tEE S stage:s T2 A 3
A wiR A 7187 Aztsle] 150-1808 Alo|of
A8 FdsA dojus aF G2 stageE AR

AR Eo] AlAHE M staged] olE&d], A&
o8 5 e o] f|AHE AL 270-300F
Ato] o] t}(Bainbridge, 1971). %3 quiscent spore
germinating spore ‘3ol = DNA3ZE 72
THER obYet MZ & e o3 24
ﬁ"]f’/}-L AztEla 9la 53 DNA EA 9

77128 @ F@wo] $¢ recombination® A

Ut UVel it z
F4 Xl AA

ﬂm&‘li&-&‘l

% 051 Bgo] F Aoz Y

742 Gl stagedl A&

-~

T T
Bt om, S stage F Mol o] o2}

2 AgoAME MNNGel s, FHEAE 2
ORAIZL F IAZF AR MEY AFHL EH
aE Tt MNNGel oigt 245 23 bt
A& S stage A ¥ #AFAEL vEhyAR
Aol e a8 G2 stagedld AdiAowm o =

< S JERUAL olek e #Arol dis
A& bacteriatt E£F55F M XA E o}alztz B
18 b7t fle Ro2H G2 stagedlld e
F4E& Bole ofE MYy YaMe, EA
olFE dEiME Yol AdFPEo] FaHor ¥
‘3}" AztEly, MMSY 4-NQOst 2 333
sARol el et A A7)e} AdE o9 e
au-‘z oinlg 7td Aoz Alg g

FE-.

V. 349

=R 19969 wiAideta astedp
8] Aol ot £ R

VL Fu&d

Ather, A., Ahmed, Z., and Riazuddin, S. (1984)
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