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acctic acid 8-l o] Faslgd e, Beluco-
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nigerel A= 85 &, MAN 28(Phe . Tyr ). MAN
42(Leu . Glu ), MAN 61(Met . Glu ). MAN 73
(Leu . Trp ). MAN [01(Ala ). MAN 119(Met ).
MAN 124(Trp ). MAN [41(Arg )& 25819
o]% MAN 101, 119, 124, 1412 b 5= #o] o)
wa] trd 97 AS vJehledel Pooverruculosum 2]

A$% upARvz 2 65 & MPV 17(Phe . Lys ).
MPV 31(Ala . Gly ). MPV 69(Lcu . Mct ). MPV
86(Ala . Leu ). MPV [57(Ala . Mect . Leu )

MPV 201(Ala )& 35kl o] 5% MPV 1572
4 2748 MPV 2012 ghel 87A vhehd
oleh zbzh xuabxl HelF=2] back mutation {re-
quum\ £ 2abgk A3 A nigerell M= 36X 10 "~1.3
X 10 7. P overruculosum F-3ol A3= 23X 10 "~ 17X

10 t9] pEoil vheh} Hfis kAol miany

Table 1. List of isolated mutants of 4. niger and P
verrucuiosum F-3.

Back mutation

Mutants Phenotype Mutagen -
© frequency
A niger
MAN 28  Phe . Tyr  MNNG 24X10
MAN42  Leu ,Glu UV.MNNG 19X10 *
MAN 61 Mct .Glu  UV.MNNG 20100
MAN73  Leu . Trp  MNNG 40x10°
MAN 101 Alx UV.MNNG FAXT0
MAN 119 Mecl uv Joex1o”
MAN 124 Trp UV.MNNG 1.7X10 °
MAN 141 Arg [0AY 18X10 "
P verruculosum 1--3
MPV 17  Phe .Lys  UV.MNNG 23xX10 7
MPV 3l  Ala .Gly UV.MNNG 32Xt
MPV 69  Leu .Mcet MNNG 41X10°
MPV 86  Als .Leu  UVMNNG 2410 7
MPV 157  Ala . Met . UV.MNNG LIX10®
Leu
MPV 201  Ala UV.MNNG L7X10 ¢

Abbreviations are as follows:

1) MAN. mutant of 4. niger: MPV,
verruculosum F-3.

2) Trp. Tryptophan: Lys. Lysine: Leu. Leucine: Met.
Methionine: Arg. Arginine: Phe. Phenylalanine: Gly,
Glycine: Ala. Alanine: Cys. Cysteine: Tyr. Tyrosine.

mutant of P
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Conc. of Novozym 234 (24).

Fig. 1. Effect of Novozym 234 conceniration on the
formation of protoplasts from MAN 31 (O) and
MPV 42 (@).
The reaction was performed at 30C  with
gentle shaking for 2 hrs.
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Conc. of osmotic stabilizer.

Fig. 2. Effect of concentration of different osmotic
stabilizer on the formation of protoplast.
The reaction was performed with 1% Novo-
zym 234 for 2 hrs at 30°C (.} for MAN 31,
m for MPV 42).

Table 2. Effect of osmotic stabilizers on regeneration
of protoplasts of A. niger M-42(MAN 42) and
P. verruculosum M-31(MPV 37)

Strains Stabilizer* Regencration
frequency(%)

0.4M (NH,)-SO, 11.3
(.6M (NH.).SO, 19.1
0.4M KClI 36.1
0.6M KClI 54.6

MAN 42 0.7M Sorbitol 16.4
0.4M MgSO, 211
0.6M MgSO, 19.1
0.4M HN,CI 12.7
0.6M NH,Cl 14.2
AM (NH.).SO, 26.8
0.6M (NH,).SO, 18.7
04M KCl 36.2
0.6M KCI 39.1

MPV 31 0.7M Sorbitol 24.1
0.4M MgSQ, 21.2
0.6M MgSO, 523
04M NH,CI 134
.6M NH.CI 17.8

*Each stabilizer added into RCM.

e un 4 SR dvhe wa@e} 2xe
sk MAN 422} MPV 319 184 84 \ZH P
ARF-PERle) FFE(KCL (NH,)SO. MgSO,)
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Table 3. Frequency of hybrids formation between A. niger and P. verruculosum F-3 by nuclear transfer.

Crosses

Frequency (X10 )

A. niger(wild) x MPV 31 (Ala

(N) MPV 157(Ala .
MAN 42(Leu”. Glu ) x MPV 31 (Ala
(N) MPV 157(Ala .
MAN 73(Leu , Trp ) x MPV 31 (Ala
(N) MPV 157(ALa .

. Gly ) (P) 3
Met ., Leu ) (P) 7
. Gly) (P) 1
Met . Leu )} (P) 4
. Gly) (P) 2
Met | Leu ) (P) 1

(N), donor nuclei: (P), recipient protoplast.

Table 4. Genetic stability of transformants

No. of colony Segregant

Transformants Genotype mean

M MM (%)
TAPW3I[-1 Ala 153 38 248
TAPW31-2 Gly 133 6 4.5
TAPW31-3 Ala 131 11 8.4
TAPWI157-1 Ala 136 81 59.6
TAPW157-2 Leu 136 54 39.7
TAPWI157-3 Met 164 109 66.5
TAPWI157-4 Met 111 17 15.3
TAPWI157-5 Ala 161 99 61.5
TAPWI157-6 Ala 157 98 624
TAPWI157-7 Ala 108 53 50.9
TAPA31-1 Gly 101 24 238
TAPA157-1 Leu 129 18 139
TAPA157-2 Ala 136 54 397
TAPAI157-3 Met 122 9 74
TAPAI157-4 Met 167 29 174
TAPB31-1 Ala 141 27 19.1
TAPB31-2 AlA 139 27 19.4
TAPAI157-1 Leu 129 51 395
TAPW31, transformants between A. niger and MPV

31: TAPWI57, transformants between 4. niger and
MPV 157: TAPA3IL. transformants between MAN 42
and MPV 157 TAPAIS57. transformants between
MAN 42 and MPV 157; TAPB31. transformants
between MAN 73 and MPV 31: TAPBIS7, trans-
formants between MAN 73 and MPV 157,

ErE04M, 06 M) B35 Fig 20 wER =
1%2] Novozym 234% 3417} dF3-A12& o 0.6 M
KClo) MAN 42¢] 745- 32X 107, MPV 312] 7%+
11><107g:’;l_ 714 F Ao ]04 MESOJ]’ 7wk

& vehddeh gt ’*91 2] 417kt pH+=
P(’III(I”IM)H-L]r AspergillusZrol 4 @751 Chung(5)#}
Rho(23)8] ®.nel Fabe] 2417k pH 8% 3] 3
shodc) 1 A Ay vEg T 734%~Tabla 20
veh gl Ed MAN 429 75 3 adde)l el
deldm 1A @A mAelddxl 06M
KClo) 54.06%5 7H4 5o &g viehde] A5 24
Az QA B A AR Ao H e A e 1.3~
36.1%= vl T2 5-&% el vk MPV 31

Table 5. Conidie/ size and DNA content of hybrids
obtained by intergeneric nuclear transtfer
between A. niger and MPV 157

DNA content/

Strains Mean conidia size 10 conidia ()
A. niger 53205 13.2
MPV 157 2607 5.7
TAPWI157-1 5.6 0.5 14.1
TAPW157-2 51207 273
TPAWI57-3 53£05 17.0
TAPWIS7-4 6.5+0.5 164
TAPWI57-5 54207 11.2
TAPWI157-6 5907 33
TAPWI57-7 32205 6.3
AAdE 0.6 M MgSO.7) 523%%2 2|5l £5% e}

Wedgof whated KCI3F (NH,)-SOse= f&e] Az
sledc). oli= Hong %5(14)0) Trichoderma koningii®
sz e] deAad gAY A A7 06M
NH;Cl3} 0.6 M MgSO,& 3% Aot A7) ohE&
HopEk A3 8-akEkgic)
rEo #Hod 9 4

A. nigeret P.verruculosum 2 1 W0l Ale]g]
QA g3 ddeld &g 47 el fu
AHE Table 3o viefhligle=dl Q8Ha &l
olgk AH£9] AL A o]Fofz| x| ¢t wiul
Holof o5l 47 IE Fh AE-E T.0X10 T~10X
10 2 vlelyhd o)li= A usamii®t A onvzaerlel €]
E7b aEe] frrod lEAlA F3he o]l 74
ori= whwl Aol 20X 10 “~7.0XI0 ‘2 AEF

- =

nq

l

o

el RIS} FAssieh, e o ol
% QA F i o R SN T ek
\r] x]_A 74(1 19. 33)945;. &g /L&]L} §l‘ k] _\ral oiolr
& zEg of¢ HEHOoR genotyped f:*}

A AE HES ZibE Table 4o L}L"PH
Qi=d] zped FRF-2]} Aol Fo) 50% o]
T TAPWIS7-1(Ala ). TAPW157-3(Mct ). TAPW
157-5(Ala ). TAPWI157-6(Ala ). TAPWI57-7(Ala )
5Eg 2E Avbetsich B Ayl A Mars ARg-xl
A niger @ MPV 1573 = A stae] DNA &
k3l conidia®] Fv)E wliwgr A Table 5o
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Fig. 3. Photography of nucler of parental strains and
their transformants.
A. A niger: B, MPV 157 C, TAPW157-1; D,
TAPWI57-3: E, TAPWI157-4; F. TAPW157-5:
G. TAPWI57-6; H, TAPW157-7..
The bar scale is 10 yum and arrows indicate
nuclei.
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et dedl 2dFet #AASAN conidiag) =
7l 26207~65+05 HMEA 12~188 HE =
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ARt TAPWI157-69] 7$-& BF53] 4. nigerich
of 2501 A= gheke] Ho Ao ehyton] ez
HAAEAH o] DNA e wi@gFel wla) 12~2.1
el F7HE M R gl ARE Fig 3ol
vetdisled) o)4ke] Aate e a3 sy
& okt 7ol 4% 4 9lelrh. TAPWI157-13.4.57
2 HEpAlel 7l7be- aneuploid® M ZbEm. TAPW
157262 wiHo| 717+ aneuploid® 343t
ew, ol A nidulanse} A, rugulosus % 1
Ao A 2.0~23u 2 =o] aneuploid o]glrh=
aeh= zle)rt glglent 4. nigers} A. ficuum 2
FHAAA 1.6~-2.29 Z7}5]0] aneuploid o]¢gth=
HA(19)9h= f-Alstgder sidolo 9sle] odojn)

4 fe dlo

Fig. 4. SDS-polyacrylamide gel electrophoresis pat-

terns of total soluble protein in extracellutar ex-
tracts of parental strains and their transfor-
mants.
Lanes: 1. 10. molecular weight marker; 2, A.
niger: 3. MPV 157 4, TAPWI157-1; 5. TAPW
157-3; 6. TAPWI157-4; 7. TAPWI57-5; 8,
TAPWI157-6; 9. TAPW157-7.

Table 6. £xtracellular enzyme activities of hybrids obtained by intergeneric nuclear transfer between Aspergillus

niger and Penicillium verruculosum M- 157,

Strains Avicelase CMCase B Glucosidase Protein content
(units) (units/mg) (ug/mf)
A niger 0.14 0.48 0.51 1.75 2.61 8.94 292
MPV 157 0.18 0.55 041 1.26 1.15 3.53 326
TAPWI157-1 0.37 1.10 0.54 1.6] 5.29 15.79 335
TAPWI137-2 0.30 0.88 043 1.26 5.07 14.91 340
TAPW157-3 0.28 0.88 0.89 2.81 5.30 16.72 317
TAPW157-4 0.27 0.87 (.68 2.19 5.01 16.16 310
TAPWI157-5 0.24 0.76 0.67 2.11 4.99 15.74 336
TAPWI157-6 0.28 0.92 0.84 275 5.23 17.09 306
TAPWI157-7 0.19 0.56 0.87 2.55 5.34 15.16 341
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Fig. 5. /sozyme patterns of hybrids obtained by inter-
generic nuclear transfer between A. niger and
MPV 157,
Enzymes: A, CMCase: B. f-glucosidase.
Lanes: 1. A. niger: 2, MPV 157: 3. TAPWI157-
1: 4. TAPWI57-4; 5. TAPWI157-5: 6, TAPW
157-6; 7. TAPW157-7.
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ABSTRACT: Formation of Intergeneric Hybrids Between Aspergillus niger and Penicillium

verruculosum by Nuclear Transfer

Yang, Young-Ki*, Yeol Park, Sung-Joon Kim, Hyeon-Suk Cheong, Chae-Young

Lim and Young-Ha Rhee'

(Department of Genetic Engineering, Chosun

University and 'Department of Microbiology. Chungnam National University)

Intergeneric hybrids formed between Aspergillus niger and Penicillium verruculosum were
obtained by nuclear transfer technique. Nuclei isolated from wild type and auxotrophic
mutants of donor strains were transferred into the protoplasts of different auxotrophic
mutants as recipient strains. Several auxotrophic mutants were isolated from conidiospores
of the two strains mutagenized with ultraviolet and N-methyl-N'-nitrosoguanidine. Optimal

conditions for formation of

intergeneric hybrids were investigated.  Frequencies of

intergeneric hybrid formation by nuclear transfer were 7X 10 *~1X10 *. From observations
of genetic stability,. DNA content. nuclear stain and conjdial size, it was suggested that

their karyotypes are anecuploid. In

addition, the hybrids possess the 1.1~2.3-fold higher

cellulase activities than those of parental strains. It was also revealed that some hybrids
had different isozyme patterns compared to those of parental strains by CMCase and p-

glucosidase activity assays.



