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The Hybrid Formation between Aspergillus oryzae var. oryzae and Penicillium chrysogenum by
Nuclear Transfer and the Production of Alkaline Protease. Yang, Young-Ki*, Hee-Kyoung
Kang, Chae-Young Lim, and Myeng-Nim Moon. Deparfment of Biological Science, College
of Natural Sciences, Chosun University, Kwangju 501-759, Korea - Interspecific hybrids between
Aspergillus oryzae var. oryzae and Penicillium chrysogenum (Tyr), high alkaline protease producing fungi,
were obtained by nuclear transfer technique. Nuclei isolated from the wild type Aspergillus oryzae var.
oryzae strain were transfered into auxotrophic Penicillium chrysogenum mutants and selected the new
strains showing an increased protein degrading capability. Maximum production of protoplasts were ob-
tained by 1% Novozym 234 at 30C for 3 hours and the most effective osmotic stabilizers for the iso-
lation of protoplasts were 0.6M KCl. Frequencies of hybrid formation by nuclear transfer were
1.3x10°~2.8x10*. They could be suggested as an aneuploid by the observation of genetic stability,
conidial size, DNA content, and nuclear strain. The hybrids showed 1.1~2.2 fold higher alkaline protease

activities than parental strains.
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Fig. 1. Effect of Novozym 234 concentrations on the forma-
tion of protoplasts from A. oryzae var. oryzae (O) and P.
chrysogenum (@). The reaction was performed for 2 hours
at 30C with gentle shaking.
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Fig. 2. Effect of concentrations of different osmotic stabilizers
on the formation of protoplasts of A. oryzae var. oryzae (O)
and P. chrysogenum (R). The reaction was performed with
1% Novozym 234 for 2 hours at 30°C with gentle shaking.
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Fig. 3. Effect of digestion times on the formation of proto-
plasts from A. oryzae var. oryzae (O) and P. chrysogenum
(m). The reaction was performed with 1% Novozym 234
for 2 hours at 30C with gentle shaking.
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Table 1. Effect of osmotic stabilizers on protoplast regenera-
tion of A. oryzae var. oryzae and P. chrysogenum

Regeneration frequency (%)

Osmotic stabilizer

A. oryzae var. P. chrysogenum

0.4M (NH,),SO, 13.4 14.2
0.6M (NH,),SO, 10.0 12.2
0.4M KCl1 12.1 ) 20.6
0.6M KCl 18.0 30.8
0.4M Mannitol 11 13.0
0.6M Mannitol 1.3 12.1
0.4M Sorbitol 1.4 0.9
0.6M Sorbitol 1.4 0.8
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Table 2. Frequencies of hybrid formation between A. oryzae

var. oryzae and P. chrysogenum by nuclear transfer

Crosses Frequencies (X 10™)
A. oryzae var. oryzae (wild)" X 1.3
P. chrysogenum (TyrY
15
3.8
1.6
1.9
a: donor nuclei, b: recipient protoplast.
Table 3. Genetic stability of transformants
Strains No. of mean colony Segregant
c™’ MM° (%)
HAP*-A36 997 262 0.26
HAP-A31 903 681 0.75
HAP-A39 936 655 0.70
HAP-B5 962 222 0.23
HAP-B6 723 245 0.34
HAP-C2 664 752 1.13
HAP-A34 927 226 0.24
HAP-A2 1,000 746 0.75
HAP-A23 303 828 2.73
HAP-A17 981 755 0.77

a: hybrid between A. oryzae var. oryzae and P. chrysogenum
(Tyr), b : complete media, c: minimal media.

Table 4. Conidial size and DNA content of transformants
Conidial size (um) DNA content/10’

Strains (mean =+ SD) conidia (1g)
A. oryzae var. oryzae 7.1+0.5 1.49
(wild)
P. chrysogenum 3.9+0.3 0.84
(Tyr)
HAP-A36 44+0.2 1.13
HAP-A31 48+0.3 1.52
HAP-A39 52402 1.04
HAP-B5 44+0.2 0.99
HAP-B6 44+0.3 1.87
HAP-C2 42+0.3 0.97
HAP-A34 4.9+03 0.84
HAP-A2 4.6+0.2 2.18
HAP-A23 44+03 1.52
HAP-A17 45+0.2 0.85

31%[81¥ k= et ot, A usamiish A. oryzaerlteld)
HAAEHE 0.17%[19] Brhes ¥& Holdth. o]} o]
2 JAAES 27 YAASHoZ Qg kAT
T2 FA@A ] 2% A= A=t

Ad

50| =4

Al

Fig. 4. Photographs of nuclei form of parental strains and
their transformants. A, A. oryzae var. oryzae; B, P. chrysoge-
num; C, HAP-A36; D, HAP-A39; E, HAP-C2; F, HAP-A34;
G, HAP-A2; H, HAP-A23. Bar is 10 pm and arrows indicate
nuclei.
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i 2 3 4 5 6 7 8 9 10

Fig. 5. SDS-PAGE patterns of total soluble protein in extra-
cellular extracts of parental strains and their hybrids. Lanes,
1: molecular weight marker, 2: A. oryzae var. oryzae, 3: P.
chrysogenum, 4: HAP-A36, 5: HAP-A3l, 6: HAP-A39, 7:
HAP-BS, 8: HAP-B6, 9: HAP-C2, 10: HAP-A34,

Table 5. Alkaline protease activities of transformants

. Alkaline  Activities Protein content

Strains .

protease  units/mg pg/ml

units* protein

A. oryzae var. oryzae 0.17 1.47 365
P. chrysogenum 0.07 1.27 263
HAP-A36 0.56 297 1662
HAP-A31 0.53 2.11 1481
HAP-A39 0.50 1.37 1457
HAP-B5 0.50 1.89 1456
HAP-B6 0.50 2.01 1406
HAP-C2 042 1.29 1207
HAP-A34 0.41 155 1172
HAP-A2 0.40 1.67 1136
HAP-A23 0.38 1.48 1053
HAP-A17 0.37 1.78 996

a: unit was expressed as the amount of enzyme which give OD
660 nm equivalent to 1.0 pg of tyrosin in one minute.

olo] Axel S84 WAL L kA ki),
ol 7t TR W Ay W Ful7late] mE Ho]Ql
Ao ®alth
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2ot 324849 alkaline protease & =
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[o)
gL =
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Alkaline protease J4FHe] 5% ofd¥Hal A
oryzae var. oryzae®] & o5 Felsle] JFo 7AW

Fig. 6. Determinations of alkaline protease activities from
parental strains and their hybrids on the casein plate. A: A.
oryzae var. oryzae, B: P. chrysogenum, C: HAP-A36, D:
HAP-A31, E: HAP-A39, F: HAP-BS, G: HAP-B6, H: HAP-C
2, I: HAP-A34, J: HAP-A2, K: HAP-A23, L: HAP-A17.
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