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SUhlMARY 

The gene L&A encoding Aspergillzrs or?;=ne alkaline protease (ALP) was isolated from a genomic library of an industrial 

strain used in Thailand by using oligodeox~ribonu~leotide probes based on the published cDNA sequence [Tatsumi et al., 

Agric. Biol. Chem. 52 (1988) 1887-18881. The entire nucleotide sequence of the genomic clone obtained was determined. 

By comparison with the published cDNA sequence. it was found that ALP is encoded by four exons of 314,445, 89 and 

35 1 bp. Three introns, which interrupt the coding sequence, are 50.59 and 56 bp in length. The gene contains a typical TATA 

box 103 bp upstream from the start codon, and a consensus polyadenylation signal, AATAAA, 189 bp from the stop codon. 

The trfpA gene, introduced into a protease deficient strain (A. octsne U 1638) by cotransformation, directed the secretion of 

enzymatically active ALP into the culture medium. Cotransformants of the high-level ALP-producing strain U2 12 containing 

multiple copies of the ulpA gene were able to secrete up to five times more ALP than the parental strain. 

INTRODUCTION 

Soy sauce production is a solid state fermentation, in 

which many proteolytic and carbohydrase enzymes are in- 

volved. The alkaline protease of .d. nr>-cle is a crucial en- 

zyme in soy sauce nlanufacture. It is considered to play a 

most important role in producing the taste of soy sauce by 

hydrolysing the raw materials (Tatsumi et al., 1989). Im- 
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provement of A. ocr;ue in order to increase the amount of 

this enzyme has, in the past, been carried out successfully 

by mutation and selection (Kalayanamitr et al., 1987), and 

by protoplast fusion (Furuya et al., 1983). Besides these 

techniques. the development of transformation systems for 

A. otyne (Cheevadhan~ak et al., 1991) has made it possi- 

ble to apply recombinant DNA techniques in efforts to 

obtain further improvements. 

Increased enzyme activity as a result of gene amplifica- 

tion has already been observed in filamentous fungi. In the 

case of penicilIin-producing strains it appears that the entire 

gene cluster encoding the penicillin biosynthetic genes has 

been amplified during strain improvement by mutation 

(Smith et al.. 1989). Using recombinant DNA techniques 

specific amplification of the expandase gene from Ce&t- 

lo.~p~~riut~z wremoniwu Was carried out and resulted in in- 

creased activity (Skatrud et al., 1989). 

The genetic basis of alkaline protease overproduction in 

A. oqxe is of considerable interest if a new approach using 



molecular techniques is to be applied to future strain im- 

provements. In order to understand the ALP structure and 

function at a molecular level, information on the nature and 

function of the enzyme, and the structure of its correspond- 

ing gene must be available. ALP from A. OYJ’-_LIP is known 

to be a serine protease (Nakagawa, 1970). Tatsumi et al. 

(1989) have reported the structure of the N~A cDNA and 

its expression in Succhurmlyces cerevisirre. 

The aim of the present study was to isolate and charac- 

terize a genomic clone of the ALP-encoding gene of 

A. oq’rue U212. The expression of the dpA gene in an 

ALP-deficient and a high ALP-producing A. ogxe strain 

was also studied. 

EXPERIMENTAL AND DISCUSSION 

(a) Isolation of the alpA gene 

The A. oct-ae alpA gene was isolated from a ;1EMBL3 

gene library by hybridization with two synthetic oligos 

based on the published alpA gene cDNA sequence (Tatsumi 

et al., 1988). Two recombinant bacteriophages were iso- 

lated from the screening of 12 000 plaques. Restriction ana- 

lysis of the two clones indicated that they contained the 

same insert. Southern blot analysis showed that the two 

probes hybridized to a single 8.5-kb BunlHI fragment 

which was subcloned into pUC 18 generating pAP7 (Fig. 1). 

Subsequently a 4.0-kbX’ba1 fragment, containing sequences 

downstream from the a&A gene in pAP7, was removed and 

the resulting plasmid was designated pAP71. 

(b) Structure of the alpA gene 

The sequencing strategy used to determine the nt se- 

quence of the alpA gene is given in Fig. 1B. Comparison of 

this sequence (Fig. 2) and the cDNA sequence published by 

Tatsumi et al. (1989) revealed a complete homology within 

the coding region. The only difference is the presence of a 

single triplet TCC located 43 nt upstream from the ATG 

start codon which is present in duplicate in the cDNA 

sequence published. 

The comparison with the cDNA sequence also indicated 

the presence of three introns (designated 1, 2 and 3) within 

the alpA gene. These introns have the characteristic features 

of intron sequences characterised in other filamentous fungi 

(Gurr et al., 1987). First, they are small in size (50, 59 and 

56 bp, respectively). Second. the boundaries are similar to 

those of S. cerevisiue and other filamentous fungi in possess- 

ing the nt sequences GTNNGT and YAG bordering the 5’ 

and 3’ extremities, respectively. Third, within each intron 

lies a sequence close to the consensus sequence 

YGCTAACN, thought to be necessary for intron splicing. 

These internal consensus sequences are located 9, 13 and 

12 nt away from the 3’ splicing site in the introns 1. 2 and 

I kb 
- 
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Fig. I. Restriction maps of pAP7 and p.4P7l and sequencing strategy. 

(A) Restriction map of pAP7 and pAP71. Single line. pUCl8: box, 

A. or~~tre DNA; hatched box, region sequenced. Methods: .4 genomic 

library ofA. or~:ue U212 \vas constructed by cloning BrrntHI fragments 

of genomic DNA into a iEMBL3 vector. .4fter transfection into E. co/i 

Q359. 12000 resulting plaques were screened with two ‘I-mer oligo 

probes corresponding to the 5’ and 3’ ends of the published cDNA 

sequence (Tatsumi et al., 1988). The nylon membranes (Hybond N. 

Amersham) were incubated overnight at 65 ‘C in the prehybridization 

solution (6 x SSCj0.l O0 SDS/5 x Denhardt‘s solution/100 pg per ml sal- 

mon sperm DNA). The prehybridization solution was then removed and 

filters were hybridized in 6 x SSC/O.l”,~ SDS/5 x Denhardt’s solution, 

I-10 ng per ml “P-labeled oligo for 2 h at 65’ C. Follo\ving hybridization, 

the filters were washed four times in 6 n SSC:O. 1 ‘I,, SDS. at room tem- 

perature for 5 min each. and were then washed once at 65’C. The 

membranes were exposed to X-ray tilm (Kodak X-AR) at -70.C. The 

positive plaques were isolated and characterized by restriction analysis. 

An 8.5-kb BumHI fragment was subcloned into pUC18 resulting in the 

plasmid pAP7. The orientation of the rrlpA gene was inferred from 

Southern blot experiments using probes specific for either end ofthe gene. 

A 4.0.kb .YboI fragment containing sequences downstream from the cr/pA 

gene in pAP7 was removed and the resulting plasmid was designated 

p.4P71. (B) Sequencing strategy. The nt sequence of rrlp.-l gene was 

obtained by sequencing the l820-bp X/WI&~/I fragment of p.4P71. The 

0.7.kb .Y/wI-SalI. 0.3-kb SalI-EcoRI and 0%kb EcoRI-StilI fragments 

were subcloned into pBluescript (pAP72. pAP73 and pAP73. respec- 

tively). The sequencing was carried out according to Sanger et al. ( 1977) 

using Sequenase (U.S. Biochemical Corp.. Cleveland, OH). The oligos 

used to isolate the gene were also used in sequencing pAP7 1 to determine 

the sequences overlapping the fragments. B, BtrrnHI: E. EcoRI; H. 

HindIll; S. Sull; Ss. SstI; X, ,YhoI; Xh. .YhoI. 

3, respectively. The four exon sequences are 314, 445, 89 

and 351 bp, respectively. 

Sequences thought to be involved in the control of gene 

expression are indicated in Fig. 2. The sequence TATAAA 

has been found 103 nt upstream from the ATG start codon. 

Translation of most fungal genes begins at the first ATG, 

and there is usually a consensus of DNA around the start 

codon. The nt located 3 nt upstream from the putative start 

codon is an adenosine. This is commonly observed for 

genes from filamentous fungi (Gurr et al., 1987). 

In common with some other fungal genes (Ballance, 

1986), the predicted polyadenylation signal AATAAA 

(Proudfoot and Brownlee. 1976) is present within the 3’ 

flanking sequence of the d,uA gene from A. oqzcre U212 

185 bp downstream from the stop codon. 
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____.____+_________+____.____+--__.-_-_+___-.____+ 
CTCGAGAACAGGGAAATATAGAACTCCTGAAGGTTATAAATACCACATGC 
ATCCCTCGTCCATCCTCACTTCCATCATCAAGCCAGCGGTTTCTATCCGA 
CTTGAGTTGTTCTTGCGCATCTTTACAATCTTCTCATCATGCAGTCCATC 

AAGCGTACCTTGCTCCTCCTCGGAGCTATCCTTCCCGC~GT~CT~GG~GC 
krtllllgailpavlga 
CCCTGTGCAGGAAACCCGCCGGGCCGCTGAGAAGCTTCCTGGAAAGTACA 
pvqetr raaeklpgkyi 

TTGTCACATTCAAGCCCGGCATTGACGAGGCAAAGATTCAGGAGCATACC 
vtfkpgideakiqeht 

ACCTGGGCTACCAACATTCACCAGCGCAGTCTGGAGCGTCGTGGCGCCAC 
twatni hqrslerrgat 
TGGCGGTGATCTTCCTGTCGGTATTGAGCGCAACTACAAGATCAACAAGT 
ggdlpvgiernykinkf 

TCGCCGCCTATGCAGGCTCTTTCGACGATGCTACCATTGAGGAGATTCGC 
a a yagsfddatieeir 

AAGAACGAAGATgtttgtggtcatccgctcgcatttttgaatgacagcta 
k n e d 
actcgcgcccagGTTGCCTACGTCGAGGAGGACCAGATCTACTACCTCGA 

veedqiyyld 
TGGCCTGACTAC~CA~AA:GTGCCCCCTGGGGTCTGGGCAGCATTTCCC 
glttqksapwglgsish 

ACAAGGGCCAGCAGAGCACCGACTACATCTACGACACTAGTGCCGGCGAG 
kgqqstdyiydtsage 

GGCACCTATGCCTACGTGGTGGATAGCGGTGTCAATGTCGACCATGAGGA 
gtyayvvdsgvnvdhee 
GTTCGAGGGCCGCGCCAGCAAGGCCTACAACGCTGCCGGTGGTCAGCATG 
f e g r a skaynaaggqhv 

TGGACAGCATTGGCCATGGCACCCACGTTTCCGGCACCATTGCTGGCAAG 
dsighgthvsgtiagk 

ACTTATGGTATCGCCAAGAAGGCCAGCATCCTTTCGGTCAAAGTTTTCCA 
ty gi akkasi lsvkvfq 
GGGTGAATCGAGCAGCACTTCCGTCATTCTTGACGGCTTCAACTGGGCTG 
g e s s stsvildgfnwaa 

CCAACGACATTGTTAGCAAGAAGCGTACCAGCAAGGCTGCAATCAACATG 
n div s kkrtskaainm 

AGCTTGGgtgagtttacattgttcttctctacttggaatcgagagtcgct 
s 1 g 
aatttcaaaaacacagGCGGTGGCTACTCTAAGGCTTTCAACGATGCGGT 

ggyskafndav 
CGAGAACGCATTCGAGCAGGGTGTTCTCTCGGTTGTCGCTGCCGGTAACG 
e nafeqgvlsvvaagne 

AGAACgtacgtctcccctccatcgcgcaaagacgaattcgtaactgactt 
n 

gattttcttagTCTGATGCCGGCCAAACCAGCCCTGCCTCTGCCCCTGAT 
sdagqtspasapd 

GCCATCACTGTTGCCGCTATCCAGAAGAGCAACAACCGCGCCAGTTTCTC 
a i tv a a iqksnnrasfs 
CAACTTTGGCAAGGTCGTTGACGTCTTCGCTCCCGGTCAAGATATCCTTT 
nfgkvvdvfapgqdils 

CTGCCTGGATTGGCTCTTCCTCTGCCACCAACACCATCTCTGGTACCTCC 
a wi gsssatntisgts 

ATGGCTACTCCCCACATTGTCGGCCTGTCCCTCTACCTCGCTGCCCTTGA 
matphi vglslylaale 
GAACCTCGATGGCCCCGCTGCCGTGACCAAGCGCATCAAGGAGTTGGCCA 
nldgpaavtkrikelat 

CCAAGGACGTCGTCAAGGATGTTAAGGGCAGCCCTAACCTGCTTGCCTAC 
kdvvkdvkgspnllay 

AACGGTAACGCTTAAGTACCAGGAGTACGTCGCAGGATTCTACCATTGTT 
n g n a 
ACTGGAATACAATGATGATTAGAAAACGAAGAGCGTTATGATTCGGACGG 
ATATATGCATGGCACCCATACAGCGTGATACATAGGCTGTTTGCTCAAGA 
ATTAGGATTTTATCTGAATCCATGTACAGAGTATACTTATGTTAGTAGTC 
AATAAAATCTTGGCTTTCTAATTTTGTCCGATCTACAAGGGGTCGTCGAT 
CACAGAACGAACTAGATGTGCAGGGGACGATGATCACCCGTTCTTAGCAA 
GACCTCTAGTAGTTGTCGAC 
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Fig. 2. The nt sequence of the alpA gene of A. or~zae U212 and deduced 

aa sequence. The putative TATA box and polyadenylation sequences are 

underlined. Lower-case letters in the nt sequence are used to indicate the 

position of the introns. 

(c) Expression of the alpA gene in Aspergillus oryzae 

U1638 

The dpA gene was further characterized by expression of 

the isolated gene in A. oqzrre strain U1638. a protease 

nonproducing mutant (Kalayanamitr et al., 1987). Trans- 

formation was conducted as described by Cheevadhanarak 

et al. (1991). As pAP71 contains no selectable marker, 

which can be expressed in A. oryzae U1638, the pOBT, 

containing a PhR gene was used together with pAP71 to 

allow the screening of the transformants. The PhR trans- 

formants obtained were screened for protease production 

on skim milk plates (Kalayanamitr et al., 1987). After incu- 

bation at 30°C for three days, two of the transformants out 

of 36 obtained were producing protease, as assessed by the 

clearing zone around the colonies. 

To investigate whether the clearing zone was due to the 

ALP, the transformants were grown in liquid medium 

(Kalayanamitr et al., 1987). The supernatant collected after 

72 h incubation at 30°C was tested for alkaline protease 

activity using the modified Anson’s method (1938). In both 

cases, the transformants secreted enzymatically active ALP 

into the medium. This ALP activity was completely 

inhibited by the presence of 0.1 mM PMSF thus further 

indicating that the enzyme produced was a serine protease. 

1234567 
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Fig. 3. Southern-blot analysis of transformants of the A. or~zae strain 

LJ212. Total DNA was isolated following the technique described by 

Picknett et al. (1987). The DNAs (5 pg) of the transformants were 

digested to completion with BarnHI. The fragments were separated in a 

O.S”, agarose gel, transferred to a nylon membrane (Hybond N. Amers- 

ham Int.) which was then hybridized with “P-labeled BarnHI-Xbal 

fragment of pAP7l (see Fig. IA). Hybridization and post-hybridization 

washes were conducted as recommended by the manufacturer. The posi- 

tions ofthe size markers are indicated on the side ofthe figure. Lanes l-7 

contain. respectively, U121 (a PhR transformant from U212, which does 

not produce higher ALP levels), U212. U721, U82l. U921, Ul421 and 

Ul521 DNA (see Table I). 
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In addition, Southern-blot analysis was performed to 

confirm that the increase in the ALP level was due to the 

presence of additional copies of the a/pA gene in the genome 

of the transformants. In both ALP-producing transfor- 

mants the hybridization signal obtained, using the radio- 

labeled 4.5-kb BnrllHI-XbaI fragment from pAP71 as a 

probe, indicated the presence of additional copies of the 

gene within the transformants (data not shown). In these 

two transformants, the presence of an intense hybridization 

signal at a molecular weight corresponding to that for the 

linear plasmid indicates that the plasmid was integrated in 

tandem arrays. Interestingly, one transformant isolated 

after cotransformation contained additional copies of the 

rtlpA gene but did not produce ALP. In this case it is 

possible that one of the sites of integration was involved in 

the regulation of ALP production. 

(d) Expression of the afpA gene in Aspergillus oryzae U212 

In order to investigate whether or not multiple copies of 

the ulpA gene would affect the level of ALP produced, 

transformants of the strain U212 \vere obtained. Four 

transformants out of five selected were able to produce 

ALP at a higher level than the parental strain U212 

(Table I). 

Southern-blot analysis sho\\,cd that the strain C921 

TABLE I 

The .ALP level in U212 transformants 

Strain,’ 

__- 
Lr212 

u721 

Ll821 

u921 

u1421 

Ul521 

ALP activity” Inhibition b) Number of copies of 

(u/g wheat-bran) PMSF’ (“<,) the ulp,4 gene” 

8143 80 I (Control) 

17100 93 ND 

32816 Y9 3 

x224 90 I 

I8730 92 3 

11529 99 I3 

I’ The strain U213 is a high protease producing mutant obtained by UV 

mutagenesis (Kalayanamitr et al., 1987) which produces &vice the ALP 

level of the wt strain. Cotransformation was achieved as described in 

section E with pOBT and pAP71. Six PhK transformants out of 40 were 

selected for their ability to produce more protease on skim milk plates. 

Five ofthese transformants(U721. U821. U921, U1421 and U152l)\vere 

then tested for their ability to produce ALP in solid state fermentation 

on wheat-bran (Kalayanamitr et al., 1987). 

h The wheat-bran extract was assayed for ALP activity according to 

Impoolsup et al. (1981). One unit of protease activity was defined as the 

amount of enrymc that liberated 1 pg of tyrosine in a reaction mixture 

per min at 40 ‘C. 

’ The PMSF (0.1 mM) was used m the inhibitlon test of ALP activity. 

” The dpA gene copy number was estimated by slot blot hybridization. 

Serial dilutions of genomic DNA from each strain were blotted onto a 

mtrocellulose filter. Hybridization was conducted as described in the 

legend to Fig. 3. The intensity ofthe signal on the x-ray film uas measured 

using a densitometer. The strain U212 \vas used as a control. 

contained no extra copies of the dpA gene (Fig. 3). The 

number of copies of the integrated pAP7 1 was determined 

by slot-blot analysis in the transformants U82 1, LJ 142 1 and 

U 1521 (Table I). No linear relation between copy number 

and ALP production was observed but the strain U1521. 

which contained an estimated twelve copies of the plasmid. 

produced five times the amount of ALP, when compared 

with the parental strain U212. 

(e) Conclusions 

(I) The ulpA gene from A. oyxe contains three introns 

of 50, 59 and 56 bp, respectively. 

(2) Amplification ofthe a&A gene by transformation can 

result in elevated levels of ALP in transformants. High-level 

ALP-producing strains such as U212 obtained by UV 

mutagenesis can be improved further using this cloning/ 

amplification method. 
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