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ABSTRACT: Interspecific hybrids between Aspergillus niger and Penicillium notatum (Tyr-),
hyperlipolytic enzyne-producing fungi, were obtained by nuclear transfer technique. Optimal con-
ditions for formation of intergemeric hybrids were investigated. Maximum production of pro-
toplasts was obtained by 1% Novozyme 234 at 30°C for 3 hrs and the most effective osmotic sta-
bilizers for the isolation of protoplasts were 0.6 M KCl. Frequencies of hybrid formation by nu-
clear transfer were 3.8X10°°~1.3X107*. From the observation of genetic stability, conidial size,
DNA content, and nuclear stain, it was suggested that their karyotypes are aneuploid. The hy-
brids showed 1.2~1.7 fold higher lipase activities than parental strains. It was strongly supported
by results of this study that nuclear transfer technique is much more efficient in the formation of
intergeneric hybrids than protoplast fusion and is very useful for the improvement of strains.
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Lipase(Glycerol-ester hydrolase, Triacylgly- 2+, Chromobacterium<:, Achromobacter<:, Mi-
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o] 14 (Demain, 1976)=]¢] B} #2132l 21414
A1l A whe] oAl Fol wet §3A Az
et 3 LYAA 7o) Bol o] g=
gith. AFAA §3714L Kaosl Michayuk
(1974)1 2]5}o polyethylene glycolPEG) A&
o SJsked A1) AAA $3ho] F& NER of
Fo13E Bt ol FAE B o) W AE
A% o]-8E¢)=d| Ferenczy 5(1976) A
Fold 222 PEGE olgale] 48UA 4ol
AFA, 2 F DY RS B, 209
A5 §3ko] 01501 zicHPeberdy, 1980). o] %
3l 938AA lee] FAEL ALE AT
83 whsle] WA =3 FRel ol A
At 9EAA] 92 9] fAE 0] 7bs
33 Ao F-83 e FTY SR o]
£33 4 9180 1A (Hopwood, 1977; Ferenczy,
1983)=] ¢}

Geid, & d7E F50 S5l 4T
22 9d dHolE o] 43l Aspergillus nig-
er$} Penicillium notatum Apold|A] AFE& =
&3, A8AA A A2 2 APEE
s, 5o F3A A, 2R =27 F
DNAA = & &3t A5 ¥AE 3, o2
2] lipase@A ¥ =i =& ZA3s}o] lipase
AL T S Al Esks o
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ASTE U Al

2 A3 A4l #Fel Aspergillus niger,
Penicillium notatum(Tyr-)= PDA(Difco) Ap= el
Aol Z}z} A F-ate] 30°Cel|A] 447k Aluiofat
4°Coll BAshaA] AL3lsict. S| 2+ PDA
WS AHgERden, colony 7|5 AlgHsl] 4
3 0.2%°] oxgalls AH7isiglch FHiwiR2=
dextrose 10 g, minimal salt stock solution 20
ml/l, 7ol w2 °doF 27-F, 18] 7 colony2] =
7]1& Algsl= sodium desoxycholate(SDC)
0.08%% Egslel Azt BYGuA2E o
Aufz|e} Faufz)e A5 A KCLE 0.6 M2
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Ao AA wxe EAER P=HY(5.0x10°
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o}, 0.5%2} 1%2] Novozym234 £-<43} 2-deox-
y-D-glucose(25 ng/m)Z #2]3}ed 30°Collx] 34|
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sucrose’} Z71= SMC II(0.6 M Sucrose, 0.5
mM MgCls, 0.1 mM CaCly) 2 ml& 7}shed &
kX7l &, sucrose discontinuous gradientol] A]
E 0.36 ml& 7I8}3 Z2414#-2] (Hitachi, 90,000%
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mM CaCl,, 0.05 M glycine, pH 5.8) 1 ml-& 4]
2374 &85 ohe 30°CollA 1057F Hke Aj7)
¥, 0.6 M KCI1& AlH3le] 318 shHullx] e} 3
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gel electrophoresis(SDS-PAGE)S A|3}3}5it}.
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Mgl s, ¥ whid 2= carbonic anhydr-
ase(M.W. 29,000), egg albuminM.W. 45,000),
bovine plasma albumin(M.W. 66,000), phos-
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A 87} stacking gel-2 F3sl7|17HX= 100 VE,
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st} 7 A3} Penicillium notatum] 32

5o tyrosineo|ich. mahA, B A& F
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YEIAN A

T LFAA Pl sl 71 gol o853
gl Ax¥ ZsEA Novozym 234(Ferenczy
X 1976; Peberdy %, 1976) 2}-8-8lo] 233 2
#5 Fig 1o vebfigdeh. 2 23 1%2] No-
vozym 23494 FA o]}, o] Saccharomyces
cerevisiae®} Aspergillus oryzaedlx 0.5%(Svo-
boda, 1981; Rho, 1991), Aspergillus nidulans
o4 0.5%2] Novozym 234 *zjstd-&, A
(Lee 5, 1989)0)zh= ¥w 53} wlatste] Eorh.
ek Ay RHEsel] oE A9 Y
2, 1%2] Novozym 2342 A#]3}3lgw), 8x
107 pts/ml 2 71+ =4 velge). Candida pseu-
dotropicalisol| A& 0.1~0.3%2] 45 st
6057} LA S, 97.6%% M =& HAS
& welew, P. verruculosumd|AE 0.3% oA+
9] xxoxE 47t ZH(Chung %, 1982)3kch=
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Fig. 1. Effect of Novozym 234 concentration on the
formation of protoplasts from A. niger (O)
and P. notatum (®). The reaction was per-
formed for 2 hrs at 30°C with gentle shak-
ing.

23} AR, A PAEE Bl 1% o3 F
Zolle Zaske S & 5 el

AYAA YA ol F3g-& A e AdFHAA ] 2
o} 5= &3 Fig 200 vehiigie. dukd e
2 AMHERE A AARAAl s 19 R, 5l
Al e 2 2 FLEF7E 29 ANeval-
ainen¥} Palva, 1978)2.2 <2 glon}, & Ay
A& 1% Novozym 2348 24|17} =) uk-g-A13)
24, A. niger?] 7% 0.6 M KCl, P. notatum<}
7$-llA= 0.6 M KClo| 718 & 335 ey
ok oleldt Aab= Aspergillus%, Penicillium
% Z¢] A% 0.6 M~1.2M KCle| 7} &34
o)el= v (Chung =, 1982; Yang <, 1989)9}
Trichoderma reesei®} Penicillium verruculo-
sum?2] 7§19 0.6 M(NH.:SO} 71 &5} o]
2= B v (Bradshaw 5, 1983)8} Ux|=Ei= Ao]
o} olabe] AFAE B RE FAllA AFAAES
HAAZIAL DS FAAA Tt TEAE
AHA QY AR A= EAIEA] dong B Al
A= F FFelr] 25 vlad YA JA&
o] $& 0.6 M KC15 dAo| & 3 AFdRA =
A st
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Fig. 2. Effect of concentration of different osmotic
stabilizer on the formation of protoplast of
A. niger (0) and P. notatum (m). The reac-
tion was performed with 1% Novozym 234
for 2 hrs at 30°C with gentle shaking.

o] A7kl uhE A3AA WAL M3}
5 AR A3e Fig. 3l viehd vle} 2. vbs
A7 308 HHe2 EErl 60, 120, 180,
240% 712 vRSAIFIHA A8AA FA S ]
wale] B A3} A niger, P. notatumolA 247t
120, 180&-<lA o] PAE-E vy o, Al
| aae MeAzhe 29 45 A3AA YA
fo] JolArl= ¥ 7 (Bradshaw =, 1983)8 =
g3l Ao A7hE 180822 A3t o)
gt A3}=, A. nidulans?] wAFA| 9] Oerskovia &
2F A7 B3t A et S (Lee 5, 1989) o)
o] AES ¥olow, A nigerst T. reeseiolA
Dricelase & 22l 3 zHz} 30°Ce) 28°Col|A] 34
7t HRSAI RS F o) A¥AA PSS Bt
= A7 (Park, 1985; Min, 1987) 9} 4-AKt 75
€ H9on, A nidulansol|*4] Novozym 2343
37°Cellx] 247H(Yang =, 1989), A. awamori
var. kawachi®} A. usami mut. shirousami+=
35°CollA 1A17E vb3A1AS o HA oz 23}
(Rbo, 1991 ch= Agiet. o]2fdt EaAee) &
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Fig. 3. Effect of digestion time on the formation
of protoplast from A. niger (©) and P. no-
tatum (®). The reaction was performed
with 1% Novozym 234 at 30°C with gen-
tle shaking.

= 2 X A7ke] Aol AME- FFe) AlEy A
T, Azl ase] 543 A 2% S 7al
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(Fig. 4= Aspergillus%2] 73%- pH 5.5~6.0x}°)
2] Wt Ayt L& 02 Yepted a3
Az pH5.80] A AR ey} ol A
nidulans®| 735- pH5.5~6.8 %ol LA A
Aol & o] Fozrk 3= ¥ 1 (Yang 5, 1989)
<} A niger®} 73-9-% pH 5.6~6.0 H$jel4] 932
A FAgo] E3tchs B (Rho, 1991)9} 541515
o} 027 A= AEH Hallol Tl T4 A
2] A whg pHel 3344 UlR-o] pHe} fA}

soed QYA W4 2 A 427 PeR
Ao 40}

HEFH T

A FAE d¥AAE oA el FAAR
A= ojo} shedl AHAA Al F2T AL
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Fig. 4. Effect of pH on the formation of proto-
plast from A. niger and P. notatum. Reac-
tion was performed with 1% Novozyme
234 and 0.6 M KCl at 30°C.

A 2] defole} & 4= glrt. Table 204 viehd ul
9} o], B Aoz A A HAo A3t
0.6 M KClo|Aq =2 &S Hylew, 1 Ay
48 39.1-564%3ith. ol2ld AYEL 06M
Sorbitol 2 A3 7% T. harzianum-&
0.68%, A. niger+ 15.3%, 0.6 M KC1-&- A}-£3}4
& 7% A oryzae 1.46~13% 73 (Min, 1987) &
B} & %S Ve A oryzaeolA] 0.6
M KCI& AH83ksds A% 15~25%2 A&
Jellgleh= 23 Rho, 19915 e Egkc). o]
g Avhs a5l WE AL AFIIAAY F
Froll whet 247] o8 walect

Table 1. Frequencies of hybrid formation bet-
ween A. niger and P. notatum by nu-
clear transfer

Crosses Frequencies(x 10 %)

A. niger (wild) X P. notatum 29
(Tyr) w0

38
™ ®) "

21
(N): donor nuclei, (P): recipient protoplast
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Table 2. Effect of osmotic stabilizer on protoplast
regeneration of A. niger and P. notatum

Table 8. Conidial size and DNA content of trans-
formants

Osmotic Regeneration frequency (%)

stabilizer A. niger P. notatum
0.4 M (NH,.S0, 42.4 26.8
0.6 M (NH),SO, 53.2 18.7
0.4M KCl 28.3 37.6
0.6 M KCl 56.4 49.8
0.4 M MgSO, 20.1 21.2
0.6 M MgSO, 114 52.3
04M NH,CI 9.1 134
0.6 M NH,Cl 19.5 7.8

A7} A ER A AR ABE F
Sav) o2 Jsch 642 Fo Pyriform e
3 A3}, 8417k Foll+= yeast-like form=} abber-
rant tube& 345}, 27 ¢] normal hypha2
AARste] 3073t Foll= AAFH QA A E AL
9Jt}. Park(1985)& P. verruculosum F-39] #AL
A LFAA A el ZA AAE 453
A9 B EFE2HIF I, AZke] B
we} Ao s Fwucke] FRAVE AEAES
HAae, 2 AFEARE Follx B dHAS
(abberant tube)e] FAF QI 270] 2AES]
witH o] FAE FA =3 244170 of] S’ FAL
A 2oks B givka s 2t XA 4
2AAL A KA Cho 5(1982), Park
(1985) 53 2-& dubd Hefo] QA3 Vil-
lanueva$} Gracia-Acta(1971)2} 7to] UHAAZ
FE A AR FAHR whdo] o] Fo|x dulsk,
o}k a2y WAl e g AlFfe] o] Foix|= H
2] F71R] PAleg AAge] o]Feizlcia d}ich.
ol gt Al okl WARSY FAL ANAYA AE
W AEol AZ 3Al%|v], Beniteze} Garcia-
Acta(1988)= ©]213} ¥ Al Fof| chitin A ¥-o0] 24
Hol gl musigdct webd A AFAA=
A 93AARe & 2 AE AR FAA
o2 qlgjo] wWAF FAge] ¥ AL 1Y
& % slsiek

sizololl ojst AE| 8o
#xle]ol] 2]gt ¥ A -2 Sandwich methodE

. Mean conidial DNA content/
Strains

size(um) 10" conidia (ug)
A. niger 6.9+0.3 1.69
(Prototroph)
P. notatum (Tyr-) 45+02 1.41
TANPN 1 6.8+0.2 145
TANPN 4 7.1+05 2.51
TANPN 5 7.5+0.3 1.37
TANPN 6 7.0£0.3 1.84
TANPN 8 45+0.2 2.03
TANPN 10 6.840.3 1.73
TANPN 17 7.31£0.2 2.11
TANPN 18 7.1+0.2 2.54
TANPN 19 45+0.3 2.01
TANPN 21 6.2+0.2 241
W A7) PHOE A nigers] opY dFE FH
#-g wpRelsiy YAPHA 7|24 ske P no-

AE QA F IS Pst

g
I
3
Lo
r-!o
ol
)

3
T, oo Aol olae] FUPBLE ASsct

(Lee 5, 1989). ojela & Alge] JAH3E
PAARE =
AL SRt FAF

£ oF 1.3x107*~3.8x 10742 Yehfigi =, ol
A. nidulans 5149} ofQ3 TF7ke] ¥AATE
4.8%(Yang =, 1989)¢} T. koningii opZ9} Wl
]2 CUT 121 Alolellxl2] 31%(Hong %, 1984)
Bole ggror) A usamiis} A. oryzaerlo]9
A E-g 0.17%(Rho, 1991) ¥ches 2 Holgl
t}. o]elzto] e HAMSE- 7t FAAFOE
Qg kAT FFY @A 3 zles
Azt

aEe) 24

sdolol elaje] o1zl HES HAH PYYE
ARG A Q917 Beplel AT fH A
o] 1% vzl WAWYA 3 #5 &, TANPN 5,
TANPN 17 2 TANPN 21¢ g53lgdc}. =3t =



Development of Lipase Hyper-producing Strain from Hybrids 149

Fig. 5. Photography of nuclei of parental strains and their transformants. A, A. niger; B, P. notatum; C,
TANPN-1; D, TANPN-4; E, TANPN-6; F, TANPN-8. Equal bar is 10 pum, Arrows indicate nuclei.

T2}t 2314 2] conidia®] =7)9} DNA &
< 5A381o] Table 3¢ Velligles] 3ol v
sle] HAABAEL conidia®] =7|7F 1.09~
2.090 A= How, AGA S sof v|wate] 2 4
& Fig. 5o Yehigl=d], 1.09~2.32 ) A E &

Fig. 6. SDS-PAGE patterns of total soluble pro-
tein in extracellular extracts of parental
strains and their hybrids. Lanes, 1, 8:
Molecular weingt marker, 2: A. niger, 3:
P. notatum, 4, TANPN-1; 5, TANPN-4, 6,
TANPN-6; 7, TANPN-8.

7¥ste] Al ghA o o] mFFol nlste] fAls)
At of7k & AEE welch o|ake] Az e
HAAgA ] 3L aneuploid® AT 5= gl%)
t}. o2l AL A nidulans®} A. rugulosus %
2 §8HAlelA 2.0~2.38] 2 =|¢] aneuploid ]}
the Baeke ze|rl gJslert A nigerst A
ficuun 2 I FFANA 1.6~2.28] Frlz]o]
aneuploid ©|%ith= B 1 (Rho, 1991)9}= -F-Ak3}

Table 4. Lipase activities of transformants

Lipase activities Protein content

Straing :

units  units/mg pg/ml
A, niger 0.19 0.65 292
P. notatum 0.29 0.88 326
TANPN 1 0.37 1.10 335
TANPN 4 0.36 1.12 321
TANPN 5 0.33 1.10 299
TANPN 6 0.32 1.03 311
TANPN 8 0.28 1.01 278
TANPN 10 0.28 1.04 269
TANPN 17 027 0.82 331
TANPN 18 0.26 0.86 302
TANPN 19  0.27 0.95 285

TANPN 21  0.26 0.95 274
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Fig. 7. Comparisons of lipase activities from pa-
rental strains and their hybrids on the
Rhodamin B plate. A, A. niger; B, P. no-
tatum; C, TANPN-1; D, TANPN-4; E,
TANPN-5; F, TANPN-6; G, TANPN-8; H,
TANPN-10; I, TANPN-17; J, TANPN-18.
K, TANPN-19; L, TANPN-21.

gt =g 2FFe) FAAA Aol Az 5
44 whaldel ofAle wiwslr] $3le] SDS-
PAGEE 33} 2 3% Fig. 69l vJehliglc}.
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Aspergillus niger$} Penicillium notatumZ}2)
lipase -+ 44 7t JAHBAE 537, &
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Tyrosine 874 YUE & 5 lsdc}. FAdol & 917t
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2340} FX 1%, A5k 7E 0.6 M KCl, 549
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3.8x10%22 w3 e ot} £ A
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