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Penicillium oxalicum HCLF-3425E{ Acid Proteinase2|
E27HXt Cloning ¥ Sequencing
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Acid proteinase= Aspergillus niger (acid protease A)2} Cryphonectria parasitica (acid proteinase EapC)oi] A £-1] 3}
=AM N Z2F A2 o o] 431 A o]t £ AF|ME Penicillium oxalicum HCLF-342.%-¥] acid
proteinase?] F-E-F-AA}-Z 7] Eof 48] 2 acid proteinase2] homology 3 X2 3] degenerate primerS- A 2}-5} o
PCR '] & ©]-4-3}o] cloning}$ v} Cloning ¥ -f-AH 246 438 bp F71 - 4 & A 3192, o] 47149 &
146 71 8] o}w) Al A ¥ 2 ¥ 313}« acid proteinase family2} homologyS- ¥] 2.8+ Z 7} acid protease A2} 71% ¢}
u) 3=AF A9 2] homologyE Y} %132, EapCs} 67%2] o}v] At Ad homologyZ} &= 1.
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HdEFe TS dAlshs At B2 I7AEQ0e &3
A7} FY o)z A, Aldo] HEe|g Blshe Fie o
3 FRF MEHo] BajHs AFe wshy, 531 FBol
(169 3t A= F53 Aol

B AxEd ofs] B2 U FTHIO) Penicillium oxalicum
HCLF-34& Th 8 $/9 A7Esd 37 $248 & S5, 37
v}, BEvlE T W& dovle AoRE B2l HeleH,
g FAEES] AR # o} ¢ F A A= Penicillium
spp. el 2lgt s2E-2] A e}t PaTe] FRol
aflatoxin, secalmic acid D, penicillic acid, fumonisin 5 1Al
A2 545 Bolste o= 4HA Advk®). g, ol5 A
7ol Sold A & & Al diF WAdde 28 JAsH
7] $Jte] H Funte] B0 ZAdol, 2k Al2E AR
71 2 A5 Z8f FAe] FA0) g A B s
Soll Tt A7vt EdshA AT Avh23). F2EE] A

ZI3F & Penicillium spp.E°] THI3I= chitinase, glycerol

oxidase 2} alpha-galactosidase(5), serine proteinase(25), xylanase
(2), phospholipase B(15), B-glucanase®} alkaline protease(1),
thermostable acid protease(6)°] B3t 2] L EAdol] #A3t A4
7h &) A1 k. 53] FEFFol7t Az - S= 28]
T ©lE B A2 TE metalloproteinases, aspartic proteinases,
aminopeptidases, acid carboxypeptidases 52, 5)°] ¥#HA ¢l
autolysisE €2 7]= galactanase(17), beta-glucanase(4), chitinase (18)
55 sk 2102 welA it A 2 AFAEd w2Eo
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AA] B Sk A2 acid proteinaseS #2](10)
Rlop, o Fxo) SA4E FYa] Feled & Aol 2
F21A}2] cloning % sequencingS A= aFHEL

gl H g4

Mz ¥ aHy
At 3! plasmid

23o]] ALE-3t acid proteinase &9 T £ AFAE 9
3 28] 2 ZAHE P oxalicum (HCLF-34)% FZA3ZS 93
@2 = FE coli DH5o0 [supBE44 AlacU169 (¢80 lacZ AMIS5)
hsdR17 recAl endAl gyrA9% rhi-l relAl}E A&} om
cloningS $]3} plasmid= pET22b(+) (Novagene)E AF8-814t}.

HiX| ¥ HE=H

P. oxalicum HCLF-342 potato dextrose broth (PDB)°l 453
o] 25°Co| A Al YBIATE E. coli ¥ LB (0.5% yeast extract,
1% tryptone, 1% NaClyell HZ-3te] 37°Coll A Rl s o,
3 Hau A= PDBY LB HiAo) S 1.5% (wv)yEA 3
7¥ste] ARESITE BAAEA Y] AES Hsixe SR
ampicillin (100 ug/mlyS- 73l A-8-819 0

A

R

Degenerate primer2| g4

2 dAFte] AREE primere Table 1942} 2ol forward
primer™ P oxalicum HCLF-34¢] EH]&}= acid proteinase®] o}
uedg JIIMEADERE 27merE A FBIAIL, reverse
primer= ¥ 500 bp downstream®]| 4] acid proteinase family =%
Bl Y olv|xit A EE ZEe 29mer®] degenerate primer
(Bioneer Co., Taejon, Korea)yE A|Z}s}e] A&35F3 ). CloningS
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Penicillium oxalicum®] acid proteinase F-5 F244 &1 13

Table 1. Derived degenerate oligonucleotides from amino acid sequences of tryptic peptides from aspergillopepsin and EapC

Peptide Amino acid sequence Oligonucieotide
Aspergillopepsi EEYSSNWAGAVL
’Fsgzrgl opepsin VES%SSNWAEAVLi 5-GGAATTCCATATGGG[ACTG]GC[ACTG]
wkil T A e~

22 GT[ACTGICT[ACTG]AT-3

Pen ESYSSNAAGAVLI IACTGICTIACTG
Aspergillopepsin SEFDEVIWEANTE 5 CCCAAGCTTGGATCCICTITCIACTGIAC
EapC EEFDEVIWEANLE [ATG]ATCCA[CTIT-3'

Underlined amino acids indicate the sequences used for the construction of degenerate oligonucleotides. Underiined nucleotides indicate the
restriction sites used for cloning of the PCR products, coding nucleotides are indicated in large capirals.

$3}e] upper pimer2] 5TEE EcoRIF Ndel A|Fraio] 2
4225 down primer®] 5TWHONE Hindll1$} BamHI #3824
A E 72 214 Zrrstkrt.

DNAS| £2|2} PCR

AAA DNASl E2]E P oxalicum HCLF-34E PDBol| 3%
3t 25°C Wigr|olA 4L3b vl & AEF ool s}
of D& TAl WA HAE H7VshAX 48t CTAB (cetylirim-
ethylammonium bromide)& ©]-8-3F Murray2} Thompson(14)2]
WS A3t &89k PCR 220 Pfu Tag polymerase
0.5ul, PCR buffer 2 pl, dNTP mix 8 pl, template 2l (150ng),
primers= ZtZ} 2ul (10 pmoly® 478l 94°C 35 cycle 13
P SIaL, 94°C 13, 52°C 1%, 72°C 13 30% cycled 303 &
gt & 720Coll A 587 HEWRS-S YT} PCR SEo|A
A& 27} DNAT 1% agarose gelollA] 100 VE 2887 F7)A]
7 A AAEE 500 bp 2719] bandZE F)5EHATE

M=%} plasmid M= ¥ #E TS

PCR 2HE F ©F 500 bp &ZF DNAS} plasmidE Ndeld}
BamHl ASEA-TE A #|5}aL, plasmidE alkaline phosphatase
(APYE- A3} plasmid®}t 500 bpe] 7} DNAE 1:6°02 &
et 16°Cl A 18A17HEQE  ligationdl T FAHES
Sambrook 5(22)2] W) 23 Ar] F2 WS o] §38le] 1.8
KVE &M 29 E coli DHSaol 8 AEA A, ampicillin®]
Z3Hd AR mdsit.

ZZ DNAS| 7| M ZH

4oz PHAEE HFEE BioneerrH(Taejon, Korea)?
PrepMateE ©]-838td  plasmidE E2istx, B2 ¥ plasmid
DNAT T7 forward primer2} T3 reverse primer® ©]-85}¢]
DNASIS/PROSIS (Hitachi V7.06)2 @714E& 454t ¥
AE d7iMEe NIH  GeneBankoll4]  homology search$}
CLUSTAL X algorithm: o]-8-8fo] EA3}9ic},

2 o

Degenerate primer2| &4
B A7zl o8] P oxalicum HCLF-3425-E] REalg vz

2] oln|i=Al M FS NIHY blastpE homologyE ZAM A3}
Aspergillus niger2] aspergillopepsin I precursor (acid protease
At 13748 obr|at B 117084 )] FAEE UERiRIAL,
Cryphonectria parasitica®) acid proteinase EapC precursorZ} 13
N 107081%)9) FAEEE e ATHFig. 1). £4€ o)
et 13 i) MG A niger 2 C. parasitica®l FFH-E<I
yssn 47019) ofu|=4t M<E-E upper primer (Pen DNE A|2bEHaL,
down primer (Pen 2)= 2F 500 bp ©}eiZl A. niger®} C. parasitica
o] FEHELRI wive 4719 ojn|xgt MEZHE Table 13} o)
degenerate primers A &}she] A3l TH

Acidic proteinase 5 X}2| cloning

P. oxalicum HCLF-342%-E] %3t genomic DNAE template
= 3l A|ZE degenerate primer® PCRE 83t 43} o
el FE-AEA7Y SFEHUS 3] 500bp, 1.2 kb R 4kbé]
band7} FB8HAl SFHALY JAEHE F 500 bp2] bandE
acid proteinase®] F-i-F-Ax2 BHste FAHT] ARSI
(Fig. 2A). PCR 23} 500 bpQ) band® 3473} Ndel#} BamHI
AREALE APdty FYS AFgdEALE ATs pET22b>H+)
plasmid®} Ndel/BamH1 AF&]o] Adstdct. H2AZE cloned

&SP MKFSTILTGSLFATAALAAPLTEKRRARKEARAAGKRHSNPPY I PGSDKEILKL----~-~ 54
CRY MRKYATVVAALLGANAALGARFTEKRRERNEARLA~-RRSGSVRLPATNSEGVAIDAAESR 58

Penl
ASP NGTTNEEYSSNWAGAVLIGDGYTKVTGEFTVPSVSAGSSGSSGYGGGYGYWKNKRQSERY 114
CRY NDTTNVEYSSNWAGAVLIGSGYKSVIGIFVVPTPKSPGSGN-— === =~ - - === TEY 1C2
EEN ESYSSNARGAVLI i3
hkkk kkAkkk

A3P CASAWVGIDGDTCETAILQTGVOFCYEDGQTSYDAWYEWYPDYAYDFSDITISEGDSIKY 174
CRY AASAWVGIDGDTAQNSILQTGVDFYVEGSSVAYDAWYEWYPDYAYDFSGISTSAGDTIKV 162

Per2
ASP TVEATSKSSGSATVENLTTGOSVTHTFSGNVEGDLCETNAEWI VEDFESGDSLVAFADES 234
CRY TVTATTTTSGTAVVENVTKGT TVTHTFTG-QSAALQELNAEWIVEDFEEGDELVPFANFG 221

AS? SVTFTNAEATSGGSTVGPSDATVMDIEQDGSVLTETSVSGDSVTVTYV 282

TRY TVTFTGAEATTSSGTVTAADATLIDIEQNGEVLTSVTVSGSTVTVKYV 269

Fig. 1. Blastp search results of acid proteinase from P. oxalicum
HCLE-34. ASP, aspergillopepsin II precursor from A. niger. CRY, acid
proteinase EapC precursor from C. parasitica. PEN, algal lytic
enzyme from P. oxalicum HCLF-34. Asterisks and dots indicate
identical and similar matches, respectively.
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M1 M P1L P2 P3 P4

500 bp

Fig. 2. A. Agarose gel (1%) electrophoresis of the amplified DNA
after PCR. M, | kb DNA molecular weight ladder. 1, PCR amplified
DNA from P. oxalicum HCLF-34. B, Vector and insert of clones. M, 1
kb DNA molecular weight ladder. P1~P4, clones.

837] Bem, o] F 4719 cloneC 2HH plasmidE 3|43}
Ndel#} BamHI AR E4E e @ 5 primer® PCRE 391
3 A AlE BRG] 2707k N o] gl it
(Fig. 2B).

Acid proteinase FHX}2| 17| tid AH

RS cloned] B7INB-S 15T NIH GeneBankol A &
AAZE B4 3} Pl clone 4%} P oxalicun HCLF-349]
acid proteinase®] - FFAFDe] BRI, P2, P3 ¥ P4E
P. oxalicum HCLF-34¢] T8 §374¢] 22}q]0] :‘}ml‘qmﬂr Pi
colne®l= P oxalicum HCLF-342] acid proteinase H-5--Ax}7}
438 b7} AYUE RS FIME BEOFE ERISHAT

Acid proteinase FH A=} H| E A

E4E 438 bpe] B7IMEL obiAl MER @3l 146
NY ofulieit P2 WYL, GeneBankS o] &35 A
niger®] aspergillopepsin I precursor (acid protease A) 282 71|
ol =4t MEH} C. parasitica®] acid proteinase EapC precursor
269 7N9] opm)i=it MET £ AFNA clone® oFr|ugh A€o
FAIEE B8R THFig. 3). P oxalicum HCLF-34 acid proteinase
o] BE F A= aspergillopepsin II precursor (acid protease A)
9} 71%9 FA=E
o} 67%2) ojn=At Mg FAEE

LERASIAL, acid proteinase EapC precursor
VR SATHFig. 3).

|

]

dutgo e M AYS At 1717 ool AlxEy
EAE Pdshe ACE A em19), tife] Ae AlEY
Bl gt e G714 @l E (basic protein)o] 7] W&ol SDS #¥]
= o] Z otxl= Aoz deA ot whet
< FEE=d oA renaturing SDS-
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Pencillium
ASPERGILLOPEPSIN MKFSTILTGSLFATAALAAPLTEKRRARKEARAAGKRHSNPPYIPGSDKEILKLNG---- 56
EapC MKYATVVAALLGANAALGARFTEKRRERNEARLA—-RRSGSVRLPATNSEGVAIDAAESR 58
Pencillium —~—-ESYSSNAAGAVLIGSGYTSVTAEFTVPTPKAPSKASS-—~~=rm=m=—m—- NTQY 41
ASPERGILLOPEPSIN —-TTNEEYSSNWAGAVLIGDGYTKVIGEFTVPSVSAGSSGSSGYGGEYGYWKNKRASEEY 114
EapC ND'I'INVEYSSNWAGAVLIGSGYKSVTGIFVVPTPKSPGSGNT ——————————————— EY 102
CSREY RRTXEEF K FC 2 m%D D i3
Pencillium CASAWVGIDGDTCGSAILQTGVDFCVAGGSYSYDAWYEWYPDYAYNFNSTSISAGDVIKY 101
ASPERGILLOPEPSIN CASAWVGIDGDTCETAILQTGVDFCYEDGQTSYDAWYEWYPDYAYDFSDITISEGDSIKV 174
EapC AASAWYGIDGDTAQNSILQTGVDFYVEGSSVAYDAWYERYPDYAYDFSGI SISAGDTI YV 162
VYRRTTIRREER I RRITEXRY DL, TRXEXIFXEIIFITTIR YIAR
Pencillium TYDASSTTTGTATIQNLSNGQSVTHTFNGGYDGDLCEYNAEWIVE—————————= =~ 146
ASPERGILLOPEPSIN TVEATSKSSGSATVENLTTGQSVTHTFSGNVEGDLCETNAEWIVEDFESGDSLVAFADFG 234
EapC TVTATTTTSGTAVVENVTKGTTVTHTFIG-QSAALQELNAEWIVEDFEEGDELVPFANFG 221
X ORID IIEIR IIS1D % IRXETR X ¥ & E¥RRE
Pencillium
ASPERGILLOPEPSIN SVTFTNAEATSGGSTVGPSDATVMDIEQDGSVLTETSVSGDSVIVTYV 282
EapC TVTFTGAEATTSSGTVTAADATLIDIEQNGEVLTSVTVSGSTVIVKYV 269

Fig. 3. Alignment of amino acids sequence. Pencillium, acid proteinase
of P. oxalicum HCLF-34. Aspergillopepsin, acid protease A of A.
niger. EapC, acid proteinase EapC of C. parasitica. Asterisks and dots
indicate identical and similar matches, respectively.

PAGEE ™4 §-83 Wpie= d42ix Ja(7), 2A= B2 &
TFAFEO] o] WHHE o]&ste Al Eejaad] "T)‘é% A7
uh Qlth3). B AFAEL o)A AFEFE P oxalicum
HCLE-342] €k 22 kDa®) acid proteinase® 2] ¥ 57431
ZH9 NEY Eans B udlgdoho).

P oxdicume == B-glucanase(d, 17), chitinase(18), polygalacturo-
nasesg Bulshy, 2 Aolr E2]F acid proteinase®] N-Z
@O = HE Glu-Ser—Tyr—Ser-Ser-Asn-?—Ala-Gly—Ala-Val—]_;eu-Ile— 13
Aol opplieal e B3l degenerated primers A|2}5}al
PCRYY S o] 831 438 7§ 7|ME& st e
146702] acid proteinase -3 op|x=it AE-& o]&-3}e], BLAST
programell ] opR|At A He] FANEE HEE B aspergillopepsin
Il precursor(12)2] 282 70¢) olu|=ibst 71%9] FALEE VERK

O™, acid proteinase EapC precursor(13)2] 269 7i9] o}t
# 67%2] FAEE ERI AT

Aspergillopepsin T precursor$} acid proteinase EapCE  acid
proteinase 52} BAZH N2zAZAANA -5 SANTI=
aspartic proteinase®] YFo|H, FEHLE proctaseZ EE]-TF
(13). Aspergillopepsin 11 precursor A. nigeroll A EH =,
apartic acid proteinase familyoll 378PHEA o2 712 thg 54&
zh=t}, AZE A2 pepsin type acid T2 aspartic proteinase®} &
g} B2 oF 20 kDa ©)3Z, pepstatinZ} PENPol] 9]} &A%

7} 745 R] ¢ke | diazoacetyl-DL-norleucine methyl esterol| =
g e WSSl AoR Gl ITh24). B3t aspergillopepsin
1 precursors 2827119 elvj=Ate ® FAE Jdatojxm, N-g
o 59 70| preprosequenceE Zto.H, 3979 ojn|=4to = T4
= light chain® 17371€] olu|izike 2 9% heavy chain®]
7}A mature formS BAIEFAL, light chain¥} heavy chainAle]el
11 789 intervening sequence® ZrETh(Inoue 5, 1991). & A+

oA} ¥rEl acid proteinase®) ©o}H)At M E-L mature form$)
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light chain & heavy chain®} 71%2] FAI=E YeERASIA, 11
702} intervening sequence™= AJZF= o] AT}

AR Bl FgolR] C parasitica’} 813k acid proteinase
EapC precursor= 26970¢] olu|=abo g FAH A FLolil, N-
kol 63709 preprosequenceS ZEO ™, 206 7o) op|=Ato R
FAE mature formS FATTHIZ). EAFoA B3R acid
proteinase2] O} 4F A E-L mature forme] N-HEHE 67%<]
ol] =4} homologys WERAATE

oA} 7o Amg B AFNAM P oxalicum HCLE-34Z5-H
B3 Y27 B3] f4F acid proteinaseAl 2] T Az A 3
H0m, 9O Z cDNA libraryE A|Z8te] WA F34¢] &
NAEE w8l frAte] HiEEA e 55 qutﬂo]
S o] &8st A S el 845895 @A HE
ook Tl BxpgA] dRie] g Aot Fa% Q
-5 5HA 2 AoE AlEH

“
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ABSTRACT : Cloning and Sequencing of Gene Fragment of Acid Proteinase from Penicillium oxalicum
HCLF-34
Sounghee Hyun*, Jaesun Chun', Sang Sun Kang?, and Jin Kyu Kim® ("Department of Nat-
ural Science, Eulji University School of Medicine, Tagjon 301-112, 'Biotechnology Research
Institute, “School of Science Education, Chungbuk National University, Chongju 361-763,
*Atomic Energy Research Institute, Daejeon 305-353, Korea)

Acid proteinase has been discovered in Aspergillus niger (acid protease A) and Cryphonectria parasitica (acid
proteinase EapC) and it plays major roles in cheese formation from milk. In this study, a partial gene encoding
acid proteinase in Penicillium oxalicum HCLF-34 was cloned by using PCR with degenerate primers cor-
responding to highly conserved regions of the acid proteinase. The partial acid proteinase gene in P. oxalicum
HCLF-34 contains an open reading frame of 438 base pairs and encodes an acid proteinase protein of 146 amino
aicds. The predicted amino acid sequences showed 71% homology with acid protease A and 67% homology
with EapC.



