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ABSTRACT

About 40 temperature-sensitive mutants have been isolated as a preliminary step
to study the spore germination, the cell cycle, and the control of macromoiecular
synthesis in Aspergillus nidulans.

To obtain temperature-sensitive mutants rapidly and effectively, the selective
enrichment method using antifungal antibiotic nystatin was developed. Based on
the data which had applied to the concentration of auxotrophic mutants by the
earlier investigators, the optimal concentration and the time of treatment at the
nonpermissive temperature were determined as 50 to 100 units per ml and 4.5 hr.,
respectively.

Out of 41 ts mutants assigned to the strain symbol PK, thirteen that seemed to
be arrested at the earlystage of spore germination were subjected to the further
cytological and genetic analysis. Eight of these mutants are able to form germ tube
and five not.

Staining with acid fuchsin for the 5 PK strains shows that one irreversible
mutant, PK6 strain able to form germ tube, accumulate mitotic spindle, being
arrested in mitosis. Another PK15 and PK23 strain have more than one intact
nucleolus without germ tube formation at the restrictive temperature.

The temperature-sensitive mutation in PK12 strain, the only strain which is able
to grow on the temperature shift from permissive to restrictive, is thought to be
occurred in certain gene specific for the germination of spore.

All of the ts markers are recessive and complement each other in heterokaryon
between two different ts markers at the restrictive temperature.
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Fig. 1. The effect of different concentration
of nystatin for 3 hrs., on the
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PK6 strains in separate(upper) or
mixed(lower) culture.

Tor

—t it type(an)
pasen ts matanc(0R27)
L.t

Pt of o rwen

s 1 Linglchment
gy 110 Lype{af} Tactor
wo=% ts ulor mutant {10
[ ("h2dw)

20

Mystatin conc.{units/ml)

Fig. 2. The effect of different concentration
of nystatin for 3 hrs., on the
survival of conidia of wild type and
PK23 strains in separate(upper) or
mixed(lower) culture.

Ab-8-3ke] ol

=2

Zo] 7}A &3 ql nystatinyFE &

s} F A5 4 PK283FE
__<_,] :r_

'}



September, 1978]

A4s4. FE5AEEE Hz2TE 1= T
goz nAY, AT W TEIF A
wo] 79 & vpehdic}, PK 65 slAl
B, obgFe Bk At el
% 79, =% nystatin 5% 100units/ml
qA ANz $&sn dokFig. D, ¢
PK 23%¢] 7 $% 50units/mlef A} & 2HH
ol AL o 4 Ueh(Fig. 2). olsh LA
s olrte Az obE FAH A 7HA

Park and Kang: TS mutants in A. nidualns. 115

Age Ad LxAFAROIFI 50~100
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Table 1. Concentration of ts mutant using antibiotic nystatin
Concentration Germination at Incubatlon . y
of nystatin rest. temp. ith EO'tOf %oll'onilsess r/;;ugfniz"
(units/ml) (hr) nystatm(hr) est. ermiss. a
Control 6 or 0 0 2014-29% 253422 12.5
50 3 3 5647 77413 5.9
4.5 1.5 21-£5 32+4 29.4
100 3 3 5.2+2.2 7.6+3.9 13.3
4.5 1.5 6.6+1.5 9.8+3.7 20
a. determined after duplicated plating
b. mean--standard error
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oA, dAFAE 5EE @ ASdE  NIGE Ed€el® §UAA, CAA
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2] (10~20% AEF)Iske]  gelvt B4
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A Eawol st HAtR ZEEQHFE &
2] 5t o} (Table 2).
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Table 2. Genotypes of ts mutants isolated
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Symbol Temperature-sensitive Additioqal color Addition_al auxotrophic
genetic marker mutation® mutation?
PK 1 ts 1 white or yellow No
PK 3 ts 3 " No
PK 5 ts ” yes
PK 6 ts 6 " pyridoxine or nicotinic acid
PK 12 ts 12 o No
PK 15 ts 15 1" No
PK 16 ts 16 " No
PK 22 ts 22 ” No
PK 23 ts 23 r vitamine-requiring
PK 24 ts 24 ” No
PK 34 ts 34 1 No
PK 38 ts 38 1 No
PK 41

a. in double mutaﬁt:“

ts 41

" yes

b. in triple mutants

# Linkage group of any genetic marker has not yet been assigned.

Table 3. Cytology of ts mutants at the nonpermissive temperature?

T " otse maciolus " Genotynes
PK 1 + ND ND
PK 3 + ND ND
PK 5 + ~? ND
PK 6 + - bim 1
PK 12 — ND grm 1
PK 15 + lto4 nim 1
PK 16 - ND grm 2
PK 22 - ND grm 3
PK 23 - lor2 grm 4
PK 24 + ND nim 2
PK 34 - ND grm 5
PK 38 + ND ND
PK 41 +

a. at 42°C after 20 hrs. cultivation

b. ND:
grm .
bim .
nim

not determined
mutant defective in germination
mutant that is arrested in mitosis

:mutant that fails to enter mitosis

3. BEZMMBOIT HEstY 24
13 PRkl 8o} AlgLee] A ozt

& ©.
d4 & =

e} 7ol

Abgtel m), Table 34 4 e
AL ol dg A etA] ok

Sk, whebA] o] -2 wholo] ojsti g
Zhell 2R A A Edw o7t oo ek 44
ek, = o] 52 Table 56) Aol zho] Az
e AR $3ma gudorn Az
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o} & cistrone ® A 7= odd Az oE
grm2] ZAFAZ = W,

N. cracssa(Charlang & Williams)i}
Dictiostelium discoideum(Ennis & Suss
man, 1975; Cotter & Dahlberg, 1977)4j
Az ol zapdole] A Aol 47
wol Frh s o] glom, Az A=
Azerol olw @ £4e e Aolwhn 4
Fel o gn, FAAAE gele wA =
activation, swelling 2l amoebae %3 %
A7) s she Mol FE An gk,

Table 3o 391 T«Hﬂ W o] ol o 8 o=}
aotel A 4AS T Az 2047 o
gl ® BFsn 2% 39 B,C,DIA 2
o whsh o], ol zAel B EE 9g
7 ohueh, o & emel A 847 wloF PK
¥e(Fig. 3A)st lxA4 & oF 4 k. of

Fig. 3. Temperature-sensitive mutants of
A. nidulans grown at 42°C for 20
hrs. except A which grown at 35°C
for 8 hrs. All were stained with
acid acid fucnsin. -

(A) PK23 strain(x2000)

(B) PK6 strain(x2000)

(C) PK23 strain(x800)

(D) PK15 strain(Xx1500).

Az ALw vhaa s 847k uﬂ ofshe
23 3Ash o] dol AW £AW Aeal

2 o} (Bainbridge, 1971) PK 6}7}1(01] A =
ole] ol ga wriAtet A7s e &
Aol ol Aoz mot HEZ Y A A
o7} ot Aoz A=, Morris(1976
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a)e] ¥l w2l bime] Y 3Gt
E Aoz noley, 2@ PK5#(Table 3)
A wE wheh 2ol HRAY EAE
7 e AL =AE 1AY o] &
w7t a3 S A= A Z(Ro-
binow & Caten, 1969).

PK 15(Fig. 3D)s} PK 23(Fig. 3C) ¥k
WatatAl @A ol4g ool EAs] HE
o @ %do] oln Azs Aoz gzt
webd gobiel HAT dyde A
Az S9den dofd & 9& Aoz u
olgk, z vt AlxF-dAel ale %o of
2 HEstz] gomz o AFE A A
Frye FHHE o8& A ZrH(Ro-
binow & Caten, 1969), Hartwell (1974
a,b)& Saccharomyces cerevisiaed| 4| 148
o w743 cede(eell division cycle) £
%% yelshz AEydst DNAGA =
Ag s AR Aol FAL &£ 2t
9148 skl v A nidulansd
A sk 2 Al 27F 53R 2 DNA
RNA, w4 49 Asksts 43 &
A%A P ngske) LAEA B
o] 2] Wl o] 7 (exccution point)s: A Fhel

ok & Reltt,

PK 5¢} PK 4139 A =83 ZAL of
A gatd TEHA @gker, PK 157

s} Ph7bA 2 o] =A X leakydr E4uie]
b ooyt Aoz Az},

4. 2= gghol 3t Ho|F2l YT

11 PKF% 25+ A G4 3§25
29 2% g o8 AL FHA G
% Rl7tq A al iz} (Table
4). olgH oz A4 EAFAwld
vl7td g o TR 4T & &
Aolth., AAE xRl dold
ARl FAA AR HANA ¢ UA
v, AR AGERAAY ol 17w of
of Zlold AMEAAY EdY oz AAAE
7 v el 2 wEy 7 9o A sl
224 PK 63]1uF PK 166 WA 4%

wehe 2ele Tl S3te Ader AR

E.H L Heola
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Table 4. Growth of ts mutants on the temperature-shift

From restrictive to
permissive temperature

ts mutant

From permissive® to
restrictive temperatureb

RK 1
PK 3
PK 5
PK 6
PK 12
PK 15
PK 16
PK 22
PK 23
PK 24
PK 34

++ 1+ + o+

+ o+ o+ o+

a. at 35°C for 20hr.

t

v}, & Table 42 11 PK#: & PK 12%
= g R A Agerz 2x A
E'i AAdAel AL Jeped ol o)
Erl9le Aoz Table 394 2ol o}
A grm FAA ol FoA grm Inlo] &
Z ke gl AAS xmel Ao, whehA]
grm 1 A2 AAAETAG e Hodt
A G 7l s AR geon] wabst el
Sty Fokdwt TEHE ARE S5
St BE grm $42 2L A
Az rlEdx dEgE vlAe Aos
AAE 4 gleh. webs Zxpot detste,
4G FEshe dle dotd FolHql §A A}
Hrtotd el A4 2o Foste FAAL
Al Bl Aol F-3h7t A} et
Zzpolel] FolFql fazte] wde] oA
2} A 3} (activation) s

—JOY‘_‘L

m'o

>~

(reprcssmn)i A vk,
A gAY F Aot
Jarvike] Botstein(1973)& e =

+ 33317 7 = (biochemical pathway)sj
RAelA, A4S genetic evente] %% A
Aste 298 FAHY A9 A e
& nedsA W Aetad Sdu
ol F 7t taat sk v %
AR £JAAH, T ALLE Aol
d X WgE AA A4E 2AY H, F
712 Byl FAE AR Ao, &

o b

b. at 42°C

o] 34 et o] F AL
2 g o] F Ake]d) reco-
mbinant& w= o] 7H5g AEA =
oret A& 4 ek, wetA Ads
Aol 39 ¥e|vh(Dorm, 1965) recombi-
nant g o] He| g A. nidulanso) = 2 &
o}, &2 EdwolEd AR
AE A Hd $AE 24T F US
Aolth, = WAz} BEEL S A&
gtel owl AR Az AxE FR A
7] 3 (Kessel & Rosenberger, 1968) =%
LxT 2% 2 1;1./\]9] e, AL ZAF
e = FRAEY LxisEy B4
o] & A st AH4-5 2 ¢lvk (Nishimoto,
1978),
5. Fst2EoiMel ARY o
Az & exzteyd A FHAE A

e LEFSY
o nl REAFR E
& A

W AA Abole] dwAE B ELHAG Z
5 25 Agesds AA4dozs AR5
Ao Rot mE FAFAAI dAd
& o § ek (Table 5). FnAg A& A
= 2 AuFe £% H8] Fu, =d
o] =A atolrt e 2xztea 44
o} F stoldl A& Awstdch, zEv 2x
A EAFARE A A Abeld &
AR R EgAdd A2 o8 "8y E
A ¥z Table Sefl A} 3.i= uhs} o] ok
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Table 5. Complementation and nuclear ratio in heterokaryon at rest. temp.

PK1 PK3 PK6 PKI2 PKI5 PKI6 PKz2 PK23 PK24  PK34

PK 1 + + +D +
PK 3 U + +D +
PK 6 U +D ) +
PK12 \'s A% + +D
PKI5 U B +D .
PK16 \4 U + + +
PK22 v B + +
PK23 U U U +D
PK24 U - B B U
PK34 U B U

B. balanced heterokaryon U. unbalanced heterokaryon

V. PK12 strain grows only D. Formation of diploid sectors
aT4 Edulolsts o A4S el obA T At 2 vt Az 4L e
% 9w esd EAWelF AoldA ol A4, Agd AEA AL Aoz
deo 2wy B TgAs AN3AL A4 o e Ao FE d &3
o A ’%-*-01 g dah Az AsAgd 124E dFsted T8 F F dE Al

N
o

3
1313t Aol obdsb A4, = olF & o,
pal s 9 colonyel Al PK 153-9] A4 Fold x4y Eddol e BIE
B kel ol ks TA FA fAZKE & d% AXFHoz I AdAE FHY
Ag A A9 A¢Reh, Al Iff x4 SdwlolF Atolel olw A E 3
pol sector’t HL MEE HAEE AL, A 5 AdzEd Ay dA9 243 S
e 74 Edwlold s zElxl 9 vnsteE PHE =298 4 & Aol

iy

H 2

406 257144 Edule| F7t Aspergillus nidulans = e FeHgis. 584 q 24 49
wWo| e el Siste] FAFA nystating o] &8 AW s Add A3}, 50 dA 100
units/mle] Azl w8 LAY 4552 7ke] S AP A 2B vEEEh,

ey exxtsa welFE 5 Epwtol Arldl W FE Hor Molk 1354 st Alxdd o f
A AL A As), dobng FAste A 8F A4 YL 2 55U R on, Azt Fa
L PKS 3ol A = WA Aol olste A os dop Axidadad §4% ZAyge] 42 Heoz
FZ3 .

Fatel] &3l 28 TFeNAv TolRE FAGEUE Al AL al g el Ao uol Fobd
P47 475 A4 F43 Aol 2Ad Aoz 44

woba g FA % PKI2FF A9 s 4ex2 8 wsexns 2xige st A4Ha
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