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The Protoplast Fusion of Aspergillus niger

Moo-Sung Kim and Yong-Keel Choi
Department of Biology, Hanyang University, Seoul 133, Korea

Abstract: Conditions for production, fusion and reversion of protoplasts of Aspergillus niger

were investigated, and an attempt was made to enhance fusion frequency. Auxotrophic mutants and

morphological mutants were induced by U.V.

irradiation (9.8 erg/mm?, 13min) on Aspergillus

niger. Maximum yield of protoplasts was obtained from 21 hr cultured mycelia by using 1% drise-

lase in 0.6 M KCl or 0.6 M NH,Cl as osmotic stabilizer. The optimal temperature for mycelium

digestion was 30°C, and the optimal pH was 6.0. Protoplasts produced at different digestion period
showed heterogeneity in size and vacuole content. Maximal frequency of protoplasts reversion was
obtained on 0.6 M KCl stabilized agar medium at pH 5.0. Reversion frequencies of protoplasts
produced for 3hr and 1hr mycelial digestion were 8.0% and 15.3%, respectively. The optimal
concentration of PEG(m.w. 6000) for protoplast fusion was 30%, and that of CaCl, was 1~50
mM. The optimal pH and period for the reaction of PEG solution were 8.0 and 10 minutes,
respectively. Fusion frequencies between auxotrophic protoplasts produced for 3 hr-mycelial digestion
were 0.06~0.42%, and those for 1 hr-mycelial digestion were 0.09~0.54%.
Keywords: Aspergillus niger, Protoplast, PEG, Fusion frequency.

19743 Kaogl Michayluke] &l&f A1 &4 oA pol-
yethyleneglycolPEG) 9] 43 &u) =Hgo] iz ¥
A5 AZAAE PEGY % &9/t 4444 wet
(Anné, 1975,1976; Ferenczy, 1975) 943 34 $3
e dTe 53 TR vgE FAT 2 49
S TF At Azg AAE ARk

A AF QoA Aspergillus, Penicillium 49 o2
Zo] F%=o](Anné, 1975,1976; Ferenczy, 1975) <l
¢l parasexual cycled FE7F FA5A B old,
Aspergillus nidulans®) incompatibled FFz+ §3
© 2 incompatibility systemo] u}3] 3] 32 (Dale, 1980),
Cephalosporium acremonium®] 8% .22 cephalosporin
BAFe] FAR AzxFA g FYo] 2andE F B
Fol A AP A FI FFAY EAo] o] F

E o= 198dE g3 ER 3R

(Anné, 1983; Ferenczy, 1984). % Penicillium chry-
sogenum> P. roqueforti (Anné, 1976), Aspergillus
nidulans€+ A. rugulosus(Kevei, 1977), Mucor pusillus
9} M. mieckei(Ohnuki, 1982) 5 %7 9324 €%
o2 A2 TFPHol AsA Y

olsizol YAA FF e FAA A2 58
Al Sz Jx, §448 FRdA4 HRE Hof
Z AATgGg2Y, o H F¥AYS F € F4E 9
A= 1A F Fel et 2&Ad AgAA 94,
24 9 5% 240] FFH ok 35 53] U=
Z7t Aol Adslolel & Aoz A
2 AQdAE %_@"élﬂ | &% Jsg o] &3te 44
Aoz A F&
9 fAA Ag <

r

o

r°“

TF9 sl Aspergilius niger

AT F4 9L citric acid

O

/q

r
np o

FARY 47 nzel e 4952,

— 166 —



Kor. J. Mycol. Vol. 14, No. 2, 1986

AT FAAD Bo 2, A nigerd 4¥AA ¥
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WA EGHNA FF)E AL
L

TF 2E % conidia AEH Fu o) & malt extract
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Table . Characteristics of isolated mutants.
Mutant number Characteristics
¥ 1 Histidine requirement and conidiation

defective

Arginine requirement

Methionine requirement

Arginine requirement

Lysine requirement

Arginine requirement

Lysine requirement and conidiation

3 AR Ak 4 3F Ak ab
N OO W

defective
8 Leucine requirement and brown
conidia
¥ 9 Light brown conidia
%10 Brown conidia
#11 Yellow pigment formation in
mycelia
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Fig. 1. Effects of mycelial age on the yield of
protoplast for 3 hr incubation time.
-0 : Total protoplast yield
a-a : Dry weight of mycelium
o-0 ; No. of protoplast/mg dry wt. of mycelium
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No.

1 . 2 3 4

Time ( hr)
Fig. 2. Effects of concentration of driselase on the
yield of protoplast.
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2.5t Peberdy(1976)¢] A =19} §Absig o €xpo-
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3 BEAA gkewt o Ayle AZW wall-bound
Iytic enzymes] FAE7} = A (Bartiniki-Garcia,
1972), melanin®] ¥4 =& A Fxo 93 4 Ty
& ol 4 (Bull, 1970)F A zHe Fa 3y Y=
HE7 Adale Aoz Add g (Fig 1).

AIAA G4ol A 28Ad driselased FE B
WAL 1% FE2 % 347 3 AAS W2
Ehtos (Fig. 2), o] ¥ o8t 2702 99448
4474 et olud Hzm 4P 2.75x10°
pts/ml $FL A. nidulanss] oerskovia R
Azlste] AL 2.5x10° pts/mle] }(Van den Broek,
1970), Trickoderma komingiio| driselase™ A 2] 3t}
2 1.6x107 pts/mle] (Cho, 1981) ®j5] A3 &
2 FELE driselase FE Agol & A nigerd
AZY e vlad 284004 23 Ao= ngy
At (Fig. 2). WFEY 25 2 9L FLd ot
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2 9%L vAEe Aos d#x] 9 h(Benites, 1975;
Peberdy, 1976,1979; De Vries, 1972). olo] we}l o
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Fig. 3. Effects of different osmotic stabilizer on the
formation of protoplast.
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Fig. 4. Effects of concentration of osmotic stabilizer
KCl and NH,CI on the formation of protoplast.
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Fig. 5. Effects of pH on the formation of protoplast.

8 T/ 571974 sugar alcohold duld ez F
S+ F2 0.6M =2 H=g A= (Fig. 3), KCl#
NH(Cle] 7}% osmotic stabilizerz A @& gon, &
F9 77l 458 F2EE A Y A5 (Fig. 9, 0.6 M
FEAA ¥ =3 HAd EFE g oHE A
= A. nidulans® 0.4 M NH,Cl, Penicillium chrys-
ogenums) 0.6M KCl, Neurospora crassad 0.6M
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Fig* 6. Effects of reaction temperature of driselase on
the formation of protoplast.

NHCle] &z &5% 712 o+E Peberdy(1976)9 At
W Aspergillus & F59 7% 0.6M KClo] #H= &

& 7t e Ferenczy(1976)9 A#et FA3td =
(Fig. 3,4).

AYAA YA vHN= pHY JFL =z=Ag A
(Fig. 5) pH 6.0e14 73 aspzgelgon, L=
F¥g 248 A3 (Fig. 6) 30°Col gt AE A&Hq
FAF F4E gy 35°ClAE A go] A3

ol wet FA4 % x5 G g, ol E pHY
259 &3+ Cho(1981), Rhee(1984) %-o] driselase
E Agste] A3 A vzd fFASgey 2
AGAA 30°Col Az PA ko] Zadx & AL
Rheeo] Astel ol % vrebuglon, ]7/1% A3 4
A FAA pHet 2x9 AL Fe i EJB o
Yk F5el FrJrE AFAA L 7AA E/ﬂoﬂ A=
AR JFq Aoz ALw d(Fig. 5,6).

o] A=t 7E‘°] B #F9 A nigerE A&l 39
ZA8elA 7 FgaTre AYAA J4FE 24
3 A7 (Table 1) 4 #olFzhel JAFY ol &
veE ek o)A wWelF Axy 74 4 AR &
= 59 Aold g Aoz AR webq zgd
d 9492A 5L ddAE 4 welFd we =4
o] zAs ool & Aoz A,

APAA P4 34L& plate 1,2¢] vhebyt upel 7o)
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Table . Efficiencies of protoplast yield and reversion
for strains of Aspergillus niger.

Reversion

Strains onryrnzrie:lg\\}::n E;Ogrlotyc:sllgst fr;g&i%fzst of

(mg) (x10% (%
Wild type 31.8 2.75 8.0
#1(His) *® * 0. 9%
#2(Arg™) 8.7 0.20 1.4
#3(Met™) 35.0 2.79 7.2
#4(Arg™) 31.6 2.01 5.9
#5(Lys™) 32.0 1.60 4.9
#6(Arg™) 28.6 2.53 6.0
#7(Lys™) Not tested Not tested Not tested
#8(Leu™) 33.3 3.05 9.0

2. 2~2. 4% 10° conidia for each strain were inocula-
ted in 25 ml AM broth and incubated for 21 hr
at 30°C.

*: Protoplast was prepared in other way
Faure 15 B3 FAA A 96l A bud like W
Aoz AFAAI Verl ARstd wpEAzte] A
o wat FA 4% FE EQenH, T4
Bz g4 =k uk3 Azl #ek 34" 43
FAE a7 AZ Fhd JAA HolEF 2
S 1AL AY 98FAE AT 7.1 pm 72 AL
o] AAY gldles, 34z A9 YFHAE F
T 9.0 pm 2712 2 JEE A Ao Bl UER

oj2l e AP AA FA FAL Isaac(1978), Gibson
(1972) Zo| A. nidulansd| A #23 A w=4 #
A% A3% pged 4944 Erd4L 44 ¥
el g7 AenA 49449 A= £ 39 FHd
G A Aoz A3E o (Isaac, 1978; Necas, 1980;
Peberdy, 1971) (Plate 1, 2).

HEEA 2

42 = A2 244 AxgE AL3hd
A AA4A TAR 4L F Jdox, o 49 A
42 39892 4 F9 39 224 #w= & R g
2oy Aeg B3z =9 v (Benitez, 1975; Garcia-
Acha, 1966; Peberdy, 1971).

WA o 4 7}5 osmotic stabilizers] &S 2 A}
H8 KCl# NHCl& %E‘%i A=e 25 (Fig. 7)
—174' 0.6M ¥=dA 713 =& Y ES e
F7 479 AQE Aol T4dg oyt NHCIE
A WA A A FAE Fu oz dH9 T
A ol Z 2o o] F KCI& A= d wlAwtE A4

-1n
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Plate 1

Plate 3

Plate 2

Plate 4

Plate 1. Protoplast protruding from hyphal tip.

Plate 2. Protoplasts protruding sequentially.

Plate 3. Aggregation of protoplasts after PEG treatment.
Plate 4. Aggregation of protoplasts PEG treatment. Bars reprsent 10 um.

gtk (Fig. 7). #9a e pHE 5099 7% 24
Fo] Egtosd (Fig. 8) ol& A. nigerst QoA w]
24 Z At 7 A A 9= Aoz A9
o #94 SANAG HaAd BE AYES A
ol veA skskh(Fig. 8).
7t dFaTFd 9944 345 F9e

Aol %A% A (Table 1) T3] wet @43
ol & vehglon, olAL HeF AMe g
9 2 44 AAdA 48 49LAY 54 Fo] &
P oz FEsted Yebd A2 pebe o (Table 1).

48449 A4, A48 492447 YHE T
A B9 9 9344 R g, £7# 59 &A%
Fo @l FFF Holrl Y& ALz maEHged
(Garcia-Acha, 1966; Isaac, 1978; Necas, 1980; Pebe-
rdy, 1971), =, A XY 23 Ha9 d§ Azke] 2
B Fao] A QE FYRA L x5 F
Gol o8] 434t =AW A, lipoprotein Fo] 3
Hel 4¥AAS A4, FQd dFL wF F A+
Aoz 2xsE Y (Gaupy, 1982). ¢l & &0 ¥ g A
ol 4¥AA % F9 AE£FIE FFL vA F
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10¢

Reversion frequency ( %)
w

0.4 0.6 0.8
Concentration of KC1 and WNH,C1 (M)

Fig. 7. Effects of concentration of KCl () and
NH,Cl (B) on protoplast reversion.

0.50

0.257

LI |

20 30 40 50

PEG concentration ( %)

Fusion frequency ( %)

Fig. 8. Effects of pH on protoplast reversion.

gx Acz sEd old Wit A, nigerd A H

2 FgARd HE d¥AA FEHE =AY
A Z2 et dFAAE 94

AA FAH

33 L8 AA A
.3%, 347 wEA7L AelA 8%

3(Met™) ¢} #8 (Leu~, brown)Z AF
mge"4 APAA o o HA =24
zArstel b9 AnE gejlldT. PEG Fxd
FEL 30% w24 7% wsko (Fig. 9,
FE THFY 4% duld e 30% TE
Al PEG®] aggregation %3 3 osmotic stabilizing &

Reversion frequency ( %)

10 ¢
—
M
5 -
0 H
4 5 6 7
pH
Fig. 9. Effects of PEG concentration on protoplast
fusion.
0.50¢
_ r » [] ]
=
e
O
< 0.25
2
&
U
Y
Rl
g M
@
o}
3]
0
0 1 5 10 50

CaCl, concentration ( mM )

Fig. 10. Effects of CaCl, concentration on protoplast
fusion.

7 A2 E7] v £9 A (Ferenczy, 1976; Peberdy,
1979) e = werd 9 (Fig. 9).

PEG &£¥d] A74 CaCly F=e wE FFEHA
E(Fig. 10) CaCl, A P& AS9 ALHsA gdd
Ao Hole AATY o1t CaCld ¥ (1~50 mM)
o @atAE & ol F HolR %%D}(Flg. 10). PEG
folo pHel w2 §FEL2 pH 8.014 713 &
-1 urawu}(Fig 11). ol& dz8 A=A PEG
9} Cato]l 2ol o8 HFAA & Fz7 H3ateg 4A
%9 7 ;l—‘:— A2 Hy] dEd AoE fddd
(Fig. 11).

PEG £8¢ wg Azt #E §¥E(Fig 12)
WS F 108A A Fged 30%E Zl‘a“ﬂ w}}
A4H oz Zaddnh. o zZ.& ubg Azte] %
wel PEGo] ¢3 98 AA 9 aggregatione] A <= o
#A 47 ZaHAY, PEG Fddeld AFAAA
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0.50f

Fusion frequency ( %)
=)
N
(i)

|

4
=]

Table II. Fusion frequencies between protoplasts of
auxotrophic strains of Aspergillus niger.

Fusion frequency(%)

Pts from 3 hr Pts from 1 bhr
digestion digestion

#3(Met™) X #8(Leu) 0.42 0.b4
#3(Met™) X #4(Arg™) 0.30

#4(Arg™) x #8(Leu) 0.20

#6(Arg™) x #8(Leu™) 0.06 0.09
#1(His™) x £8(Leu™) Not detected

Protoplast pairs

6 7 8 9 10
pH

Fig. 11. Effects of pH of PEG solution on protoplast
fusion.

~0.50f

0.25F

LT |

5 10 20 30
Exposure period to PEG soln (min)

Fusion frequency (%)

Fig. 12. Effects of exposure period to PEG solution
on protoplast fusion.

lysis®| 7] &£ Aoz fdda = (Fig 12).

oj4e AY ez AR §FFzAe #e g 4
2T 4944 §9& 493 24 0.06~0.42%
o §¥EE el Aok (Table ).

ALY A7 §¢e] A8 44 A7 F ALE S
HAAE nt 2€4q §F PHez §9EE ¢
A g7} oo, electrofusion(Zimmerman, 1981), spore
protoplast fusion (Toyama, 1984) 59 ¥ o] 25
govt, oHlg YL 9dE Fo S Az
ZA& Az o dukdez 5849 §9%
A otE A 449 99dAE Adee
£L Ae® %}341‘} %) oo (Ferenczy, 1976), ©f
= 99449 49, Y4 5Y 9 media] E£E9
9 A E Aoz -‘?}?l'%l‘;}. £ AJAE
B Aspergillus Fo] ¥8 ®vlad ¢ Wzt 2o
(Ferenczy, 1976) A. nigers] £ EE Eol7] 94

o0 He M

—

)

LYAA R BFLAYo) vizA Az FLF 2 A
oz @a=E, f42 0E F 1A AY 49ZAL
$3¢ AEded(Table ) 34 A< 9334 €%
Exr 1.29~1.508 4" $FEL LA H
(Table 1).

ol Ae AY AAsHA A nigerd 93FA  §FF
Az Egasd s 276 49 4¥AAE
A83E Ao e Aoz s, oHE A
fzk*é° e ¢ 44T JeAAE AL Aol

% Aoz JqdE

5 2

2 AL Aspergillus nigerd L3 AA F4, 34
9 §F 2A¢ 2A%9e obgs §F UEE F
ol7] #1& #¥g mAg.

A. nigere]l A A(9.9erg/mm?)g 13 £} A8
o dFeFA WolF % Pul WeolFE F=, 2
At

TAA g Al o8 4PAA FAFL 21 A4
7 g FAAAA HAAAE debigieh AEd
EHEAQ driselaser 1%FTEE 3A% AP L A
73 #Z3A o] 9 on osmotic stabilizer® = 0.6 M KCl
= 0.6 M NHClo] 743 . 54 493 A 7] &
Z 345 99478+ Vg AE FHFd Yo &
TE4E dehi gl

AYgAA 9 FY4EL 0.6M KClo] I714 pH 5.0
9 WA A 74 &gkt

My THass) 93Azd #Het g48 943932
A9 AR EL, 347 H-FAA 49 LI FAGNA
8.0%, LA a+-5A7 AAA 18.3%A}. dFaT
4 #olF7e 99dA F¥ FeF PEG MW.
6,000 HA FEE 30%8 2 CaClhy FEE 1~
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50mMel 4 Bl A9 &2d4F Jehgich §§ 9
<9 A4 pHE 8.0, A4 wh& 7L 10 Folglth

B ube Az wet Y49 99A4AAL §HEL
FAelg vel, 34 EAA 4D AFAANE A4S
e A 0.06~0.42%, 1A 1A AL 449
= 0.09~0.54%% o}
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