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Breeding of Aspergillus oryzae for the Alkaline Protease Overproducing Strain. Lee, Byung Rho
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Han Jin Lim’, and Chang Kun Sung*.

Department of Food Science and Technology. Chungnam National University, Taejon 305-764,
Korea, 'Division of Biotechnology and Environmental Engineering, Woosuk University, Chonbuk
565-800, Korea, *Hanlim Technology and Research, Korea —Aspergillus oryzae M-2-3 strain (argB)
was transformed with pTAalp plasmid which was constructed for expression of the alkaline protease
gene, alpA, and 16 transformants were selected on arginine minus medium. When these transformants
were tested for productivity of alkaline proteases using agar plate containing skim milk, the halo was ob-
served around each colony of transformants, but not observed around the host strain in this condition.
Southern analysis showed that the pTAalp plasmid having alpA gene was integrated into the chro-
mosome of the host strain. The highest level of alkaline protease production was obtained in the culture
filtrate of the transformant No. 14, which was estimated to 80-90% of total secreted proteins, and the
enzyme activity was 64-450 times higher than those of host strain and industrial strain. Total nitrogen
content and the digestion rate in soybean Koji extracts were also increased to 1.5 times in Aspergillus

oryzae transformant No. 14.
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Tetav| =2 ARgsldct. A vieks $l8i4= YPDu)
2] (2% polypeptone, 2% glucose, 1% yeast extract)-Z-,
F AR i) 24 = DPYHIR] (2% dextrin, 1% poly-
peptone, 0.5% yeast extract, 0.5% KH,PO,, 0.05%
MgSO, - TH0)E AHe-3isich. Halo AA-2  Czapek-
Dox, 1% starch, 1% skim milk, 0.5%(NH,),SO, 2%
agar, 20 mM Tris-HCI(pH 8.0)¢] wj=]ol| A 323},
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Aspergillus oryzae® alpA §-3A7} pUC1189] Sacl
F9ell Asl® ZFelavl= pAlp[5]12%H single strand
DNAZ 2% ite-directed mutagenesis[6]ell )3l
alpA®] 7fA] Z= ATGY 14 97] upstream region®ll
Xbal AREL FHE =948, o] FAHAE Xbal2E
et F2FAAE £33 1.7 kb DNA =S o]
Klenow E42 *2]3}o] blunt endE W=t o] 1.7
kb DNA =H-& A. oryzae®] 743d wWE] pTAex39]
amyB T2 RE|9} E]v|v|o]E] Alo]e]l blunt-end liga-
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Aspergillus oryzae M-2-3 153 YPDulA| oA 30T,
24417t iRt off FAAE sl ZRE SR E
£ ubEgitt o37]dl Zetarl= pTAalpE €3 Gomi
9] w3190 &3k A. oryzaes FAARAZH o §
A Adel FX] markerZAE Aspergillus ni-
dulans®] argB(ornithine cabamoyl transferase)-%-%2}
£ o] &3lgr). o] FAAEA L] homokaryons 7] ¢
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Halo formation
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Southern blot analysis

HAHHAE YPD wiAlellA 30T, 24417F wiekat o}
+ TAHAE F g8t AAA LS| Y2 FHAZ o
YA Halg o] gste] FA whssladch o7
DNA F&& =q(50mM Tris-HCI(pH 8.0), 20
mM EDTA, 0.5% SDS)& #7}ste] DNAE F+E315>
 HE FE9 ) o ehg A 2sle] genomic
DNAE #AAstsdtt. Genomic DNA 1 ugd Kpnlo =
Axrste] 0.8% agarose geldl 271953 F YU 2
&l Hybond-NTell ZAFs}dct. Southern hybridization
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Sact 0.0 all 2.8 coRI 9.2
19.2
ﬁ{na{ 0.5 i
alpA .~ ORF pUC118 pA'P
9.2kb
Xbal Tl
--TCTAGATTGTAAAGATG TCTAGA
created Xbal site by site-directed mutagenesis
Kpnl 7.60
Smal 0.02
EcoRl1 7.60 ™ Xbal/Smal 9.30

PamyB TamyB Smal/Xbal 7.60
Kpnl 7.60

EcoRI 7.60

Fig. 1. Plasmids used in this work. Plasmid pTAalp was constructed by inserting the blunted 1.7 kb Xbal fragment from site-

directed mutagenized pAlp into Smal site of pTAex3.

Fig. 2. Halo formation of A. oryzae transformants harboring
pTAalp.

All transformants were grown on Czapek-Dox medium (pH 8.0)
containing 1% starch, 1% skim milk, 0.5% (NH,),SO, and 2%
agar at 30°C for 2 days. Transformants denote by number and
control strain, A. oryzae MC, is center of right. This control
strain is A. oryzae tranfomed with pTAex3.
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Fig. 3. Southern blot analysis of chromesomes from A. oryzae
transformants.

One pg of each chromosome DNA extracted from transformants
was digested with Kpnl and seperated on 0.8% agarose gel.
Southern blot analysis was done using the enhanced chem-
iluminescence detection system according to user's mannual
from the supplier (Amersham, UK). When the 1.7 kb Kpnl frag-
ment from alpA gene was used as a probe, the signals at about 1.
7 kb and 1.2 kb corespond to the 1.7 kb Kpnl fragment of the
chromosome DNA and the 1.2 kb Kpnl fragment of the pTAalp,
respectively.
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Fig. 4. Polyacrylamide gel electrophoresis of the culture fil-
trates of A. oryzae transformants.

The transformants were grown in DPY medium at 30C for 3
days. Ten pl of each culture filtrate was seperated by native po-
lyacrylamide gel electrophoresis, and proteins were stained with
Coomassie Brilliant Blue. AP and ©-A denote alkaline protease
and o-amylase, respectively.
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ANz alkaline protease®] ¥-H] it AEE FA}s}
7] 915t} $AAEH 2 DPYEIA o)A} 30T, 39 E-t W
oFsta 1.2] iy 10 uiE- polyacrylamide gel 171%
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S3F FAATA 2FA FAE o) (FAYFH
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5ol gatslgl o) daed] frof o) Bx1=F 35
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Fig. 5. Alkaline protease production of A. oryzae transfor-
mant No.14. The transformant was grown in DPY medium
at 30°C for 6 days. Fifty pl of aliquots from the culture
broth were assayed the protease activity by the modification
of Anson’s method.
Symbols: —#—, A. oryzae transformant No.14; -, A. oryzae
M-2-3; -, A. oryzae from Whayoung Foods Co.
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Table 1. Comparisons of TN and digestion rate for soybean
sauce materials

TN (%) Digestion rate (%)

Strain at salt concentration at salt concentration
8% 17% 8% 17%
Transformant No. 14  0.521 0.466 454 40.8
Industrial A. oryzae* 0.368 0.313 320 273

*A. oryzae used for soy sauce production was gifted by Hway-
oung Foods Co.
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Alkaline proteaseS WAL= Aspergillus oryzae
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