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Penicillium oxalicum(HCLF-34)¢] X8| ¥u|EASYE] ultrafilration, gel filtration chromatographys}

anion exchange chromatography 2 ©|-4-3le] ‘}24|F(Anabaena cylindrica) FHEE

Fejalgic). of kel

Ha}ake ¢ 22 kDao|®, renaturation SDS-PAGES)A] monomer2X4 F2AHF 3l 84S 2. ofn| Al A

g2 N

G EE|NH,-Glu-Ser-Tyr-Ser-Ser-Asn-Ala-Ala-Gly-Ala-Val-Leu-lle---, 137§9] o}n) xAhS 4319 o,

2% ou] Ak homologyS A A3} aspergillopepsin 11 precursor(acld protease A)-ﬂ- 13749] elu]xAl F

1171 (84%)2)

4A=2 el T, acid proteinase EapC precursor® 1371 5 107](81%)9] -

A28 Jehigich
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e st g 71A] o)l AEY
o2 AR glon, drie Ae AXE
= Wl (basic protein)?]”7] Wil SDSE
AeletA] ko ArGEA Aol olelge] de FAeE &
HAA Udrh19). mebd ojs &io EAS ket oA
renaturing SDS-PAGET ¥~ 83 ®jes dex 131(7),
AAE B2 AFAE0] o] WS o83t A B
4L 7% v gloh2,23). 3, & I7AE s 27
2 FAE(9,10,11) Penicillium oxalicum(HCLF- 34e o2 7
A JAFER A FEAE T S5, 170 EvLE Sl W
g doyle Aoz Bl HAH A o3 AFR &
olZ whAl B & AFA It UdTe] EHE A A
alod H FFRre] SAQ TAapdol, A AEy WA 7%
NEAZY B G40 B4 g oA Ede g §
of #3t Ay} sl ﬁﬁgﬂﬂ ATh(15,24). ol2{3 F4C
2 FAE sk Jdw Eo| #Hleh=
chitinase, oxidaseQ} alpha-galactosidase(5),
proteinase(26), xylanase(2), phospholipase B(14), beta-glucanase
9} alkaline protease(1), thermostable acid protease(6) T2 &
2 o 540 B ATV B YT Aok w1
Penicillium spp.= autolysisS Y27]% galactanase(17), beta-
TI:H]O}'—‘ 74_& ol—a;q o]q_
Fhol o AT B &

ol

UJ Al

% Penicillium sp.&

glycerol serine

= O
=

glucanase(4), chitinase(18) -5
S AFFE0] BHlse &
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3 A= AR Aoty IR B AEASe o) B
29 P oxalicum(HCLF-34y& 243 € 03? FJriTE% GEAT
Baf @Ao] 1, 250 AT FEAE LHELE AEe
2 Bujghs Zow Wagoung o 54E el 2 AAS
1, BAL Rloga JdxATe] thdAS Aofshs A4
Aol 71z A8E AFsaLA; gk
M= oAy

=8l g2 =5

Axe] By dhe PDBHIA 50 miclA A wiFE P
oxalicum (HCLE-34)S SR 1 o A&t g AZ77)
] wjo¥st & Whatman No 1, 045 um, 0.2 um pore size2]
membrane filter2 TAFA 0 E o7l v AedE v|MFED
;g'i](Amicon ultrafiltration unit)®} Diaflo PM 300, PM 100,
PM 50, YM 30, YM 10, YM 3 membrane filterS ©]-83}]
AA7IAZ 42 bard] GES 78l ExlEFEE 300, 100, 50
30, 10, 3 kDaol/+e] MEe] Byl 842 2} fractionB 2 £
3t 100 mi B B3 2 5 EA8HS AR 20%
ammonium sulfateS 2o} 4°ColA 2417t F9F T3} A1 &
t}A] 80% ammonium sulfateZ 231 4°ColA) 10417 T 23
3 AA @A JHAAATH Ammonium sulfate X8 &
2415-2](10,000xg, 20 min, 4°C)3I] L& FHES 10 mid]
20 mM Tris/HCI(pH 7.5) 9Z8do) A3l dialysis wbe
(Spectra/Por membrane tubing; Molecular weight cut off of
3,500 Dalton)l] 23 2 ¢ 5 e58d02 23] 4%e &
AAIEZ](10,000xg, 20 min, 4°C)5t B FTHES 1@%7@5
7)(FD5508, llsin Engineering Co., Korea)E ©]&-3}e] HZ9|
2o 545 A9tk AZW She A7) el 1 eia d
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oA P oxalicum(HCLF-34)2] Ao 100 mi®) 20 mM Tris/
HCl(pH 7.5) &F8ABE A7 ice bathE FZ3 bead
beaterol A 1524 103) ¥ 343 3 Whatman No 1, 0.45
um, 0.2 um pore size®] membrane filter2 XA O E o3&}
o Alxe] EHjEhe}l U3 WHo R AXY g5 FH|E)
Ak

SDS PAGE % renaturing SDS PAGE

F5E dde BAE X8 ER18H7] $181e] HoeferAle]
SE600 #7195 4XE ©]-83}] Laemmli(1970)2] W22 3
B3t D795 0.1% SDSE FF3he Tris-glycine &
£4(0.02 M Tris, 0.192 M glycine, pH 8.3)% AH&3lgom,
Stacking gel& 5% acrylamide, 0.133% bisacrylamide, 0.125 M
Tris/HCl(pH6.8), 0.1% SDS, 0.5% N,N,N'N'-tetramethyl-
ethylene-diamine(TEMED), 0.05% ammonium persulfateS &3}
3t Z8)8}9 ). Separating gelS 13% acrylamide, 0.54%
bisacrylamide, 0.375 M Tris/HCl(pH 8.8), 0.1% SDS, 0.0%
TEMED, 0.05% ammonium persulfate® E§3s}e] o]-&s}%1,
sample loading buffer2+ 0.0625 M Tris/HCI(pH6.8), 1.0%
SDS, 5% 2-mercaptoethanol, 0.04% bromophenol blue, 10%
glycerols 410] ARSIt H719 52 4°CY AH-24oA 23y
3RO, stacking geldlME 20 mA/em?e] AFA|7E,
separating gelll A= 30 mA/em?9] AFA|7IZ A AT A
7NBE F gele TFTE 23] AH3}aL, Coomassie brilliant
blue R-250(Bio-Rad)& 30°C & vlg71ol A 6A13F 53F 44
T 40% methanol/ 7% acetic acidZ 2A)7F F<F 13} ©H4E}
3, 5% methanol/ 7% acetic acid® 22} @23t F=9
el B dAg B8 ado SAE Zte 840 EAFES
1] At Mxy Esfgael wig NEErt 22 A
2 4383 M. lureuss 712 ZE 3= renaturing SDS-PAGE
W@, 7, 2% o) 88t FRATE B8 A4S 2kt &
St} Separating geloll 04%2] WEHZE D M. luteus(Sigma)=
A7yete] Abgstglen, H79E F gel 300 mi®] FRT
(I8MQ Milli-Q wate)Z 1527+ 23] AHE & 150 mi]
renaturating buffer(0.1% Triton X-100, 10 mM MgCL,/20 mM
Tris/HCL, pH 4.5)9) 2o] 37°C A7 1oA 50 rppmO.E oF
12413t EF WA AT

i

oL |o

Gel filtration chromatography

FEH 32E 14 mgml] EEE 20 mM Tris/HCI(pH 7.5)
-8 -E3A1A FAEE](12,000xg, 10 min, 4°C)3}] 7
SAE 54 FElo AE-sel 497171 Pharmacia FPLC
system(Pharmacia LKB * Controller LCC-500, Pump P-500,
Monitor UV-M)yS A3l on B4 ZAL flow rate: 0.3
ml/min, column temperatare: 4°C, buffer: 20 mM Tris/HCI(pH
7.5), loading: 500 ui®]il, columne Superdex HR-75
(Pharmacia) gel filtration columng AR5} H-2]stATh ¥
3 B fractionsS 02% M. luteusE E3SH= agar plated]
A3} Iytic activityS 12} 8918}31, renaturation SDS-PAGE

Al FelEse] el 2 e IS

2 B39

Mono-Q anion exchange chromatography

Gel filtration chromatography®lA €o]Z  fractionsS M.
luteus agar plate®] HZAIA Iytic zoned FASI= fractionS
Agsle], AZ a T 0.8 mg/mlE 20 mM Tris/HCI(pH
7.5) Y-8l EAIA AR (12,000xg, 10 min, 4°C)5}A
s FAh e ARt dEAS columnoll F&HA|
7171 95k 20 mM Tris/HCI(pH 7.5) $5-8N-S ARG T,
F2hg gwldol RglE 0~1 M NaCl20 mM Tris/HCl, pH
7.5) AEEAL gradient® AESIET BA7]7]= Pharmacia
FPLC system(Pharmacia LKB - Controller L.CC-500, Pump P-
500, Monitor UV-M)2 AF&-&lgom, BA] ZHL flow rate:
1 mi/min, column temperature: 4°C, loading: 500 wui®]1,
column? mono-Q(Pharmacia) anion exchange columns AHE-3}
o B3tk £a 2 GA9] ZH= renaturation SDS-PAGE
= 2As

Amino acid MYEEAN 2 SH

Mono-Q anion exchange chromatography®llA] o7 fraction
S SDS-PAGE & ., gel blotting bufferd] 25 mM Tris
buffer(192 mM glycine in 20% methanol, pH 8.5)°] 5% &<
A2 3}3l, PVDF membrane(BIO-RAD, Sequi-Blot TMPVDF
membrane, 0.2 um, polyvinylidene fluoride)2- A& ¢ 100%
methanolol| A 2~3 &2t A F, FFFU8Q Milli-Q H,0)
2 AMZ 3} Towbin transfer buffero]A] RS TE Gel2
blotting paper(BIO-RAD)S} PVDF membraneAbo]o] €1,
blotting | (BIO-RAD, Trans-Blot Cel)ollX 10 VE 30% &
QF transfer S}HTE Blotting®] Y ¥ PVDF membrane2 33}
SR A3t 0.1% Ponceau S(Sigma) solution®.2 257+
A% F 3% FHRTE GAAT) AL, AAHRRAA -20°0CA A
B89}, Electroblotting®t PVDF membrane’3 | 4]2] bandE
10x3 mm Z7|2 Zepfo], £24-& PTH analysis(program
O3RPTH)E A3t Applied Biosystems model 470 sequenator
& AME3lYen, PTH 5% reverse-phase HPLC(Brownlee
C-18 column, 220x2.1 mm)E A}£-3} Edman reaction WY
o2 ZA3H)

2 =

2ol &0 EXj2 HAH

Ultra-filtration membranes- o)-8-8te] E2lEE T =53 thuk
AL SDS-PAGE(Plate 1)0l14 Exlakol] wral $U3 bandSo]
FE fractiono|A] #ZEHAY o] bande 53] YM 50, YM
30, YM 10 fractionsol| A 717 w8 ko] VERGAL, PM 3003}
MEW G9A  fractionsdl M= A F HA &t
Renaturation SDS-PAGE(Fig. 1)lX= 49 A& E0)7]
23 renaturation buffer?) pH% P 0xalicum(HCLF—34)9f] AR
Z7A2 458 ZHsl] AEHo ™, BE fractonso A T

i}
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Fig. 1. Disc gel electrophoresis patterns of extra and intra cellular enzyme from P. oxalicum(HCLF-34). A; SDS-PAG

Kor. J. Microbiol

o

I:Z,AiS, Renaturation SDS-

PAGE, showing renaturable proteins that digest Micrococcus. luteus vegetative cells. Lanes : M, Marker proteins; 1, cut off extracellular enzyme by
PM 300 ultrafiltration membrane; 2, PM 100; 3, PM 50; 4, YM 30; 5, YM 10; 6, YM 3; 7, intracellular enzyme.
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Fig. 2. Profiles of gel filtration chromatography fractions of ultrafiltration (YM 50-YM 10) and renaturation SDS-PAGE. A, Chromatography pro-
files; B, Renatur-ing SDS-PAGE. Lanes : M, Marker proteins; 8-10, fraction numbers.

)Xol HABA bandsS FRAF T, SDS-PAGEC At 20
REgro] 23k Babeke oF 22 kDa®|th EE fractions®l| 4] 1}
Bl lytic bandd YMS50, YM30, YMI10 fractions| 4] 718 =
& 5484 bands7} FEECH

Gel filtration chromatography

Elution 2870¢] FHol| ¥F 1 m¥ elutiondt3 3L, 470
peaksSo] HAF 01, elution time 8-10% Aol 7V &
peaks HAPCM, 16-17, 2180l 22 peakE FASHATH
(Plate 2). 28709] elution fractions?lA] lytic activityS HERHE
fractions 271 93] 04% M. IuteussS E3FEHF= agar platedl]
22 5 mme] BH#E Whatman No. 1 filter paperS F2HA]7]
I, 2} fractionol] A 10 wA A sle] 25°C 2 vl F7IelA
12 A7t S wjke A} fraction 8, 9, 10MA E&
activity”} BZE 3L, fraction 11~1396 4 522 activity”}
FRHYo™, fraction 16~17HANAM 3t activity, 12|
AWM ME  lytic  activityZh BEEHA ST
Renaturation SDS-PAGEY: fraction 8813} 9xioll A F3Igt lytic

fraction

bandS TE51THFig. 2).

Mono Q anion exchange chromatography

Gel filtration chromatography fraction % 8 fractione AR
shad 237h9) EHo| B9 | miY elutiond}AL, 4709] peaksE
o] fraction time 7~11% Atojoll FREJon, gl 713 &
peakS FAATHPlate 3). A 23709] fraction tubesol A
Iytic activityS WERNE fractionsS 7] 3 04% M. luteus
2 ¥ agar plated] AE 5 mm®] EE Whatman No.
1 filter paperS F-#A)7111, 2} fractionolA 10 ¥ HHT 2
3} fraction 8HNA 73 Iytic activityZ} BAEAIL, 9w olA
oFal Iytic activity”t ¥ZH AT Renaturation SDS-PAGE=
fraction 8] A] B8} lytic band7} TEE ATHFig. 3).

Amino acid MYEENM 3 ZH

F2o] BaAA BAA A&E SDS-PAGES} renaturation
SDS-PAGES] Az gdxAd 23 8% Zi<= P oxalicum
(HCLF-34)E5E BHEE A ez oF 22 kDadl &
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Fig. 3. Profiles of mono-Q anion exchange chromatography and renaturation SDS-PAGE. A; Chromatography profiles, B; Renaturing SDS-AGE
gel. Lanes : M, Marker proteins; 7-11, fraction numbers, C; Schematic diagram of B.

a 41 PPYIPGSDKEILKLNGTTNEEYSSNWAGAVLIGDGYTKVT
b 45 TNSEGVAIDAAESRNDTTNVEYSSNWAGAVLIGSGYKSVT

c

-ESYSSNAAGAVLYE -(13)

Fig. 4. Homology search of 13 amino acids of algal lytic enzyme(22 kDa) from Pericillium oxalicum (HCLF-34). a; aspergillopepsin II precursor,

b; acid proteinase eapC precursor, c; isolated protein in this work,

Zo]lem, PVDF membranedl blottingste] o}n]=2F A g-e
A% A3 N-ZORE 13709 obv Ak B8 th(Fig. 4).
4% 13709 ofm|gt HEE vl NIHS| gene bank$!
blastp=  homologyE FAF} HI}  aspergillopepsin 11
precursor(acid protease A2} 137]2] olm|:At = 117)(84%)9]
FAFEE YER R, acid proteinase eapC precursor® 137)
< 1070(81%)9] fAI=E VFERSITkFig. 4).

X}

Rl
fi

HEAlEe S JARRE Ade B ITAES, 200
9 H AYE a1 glort, G40 EXo AF ATe}l Aoz 2
HEE A o3 dRATe] MEHS Bejshs Al o
g Mo e, 53] Fgol(ep] Ui Are AR A
Aotk B AFolA  Ultra-filtration membraned- ©]-8-3}e] &
AFERE T2 GdWlFAL M jwensE V]A2 o]&3t
renaturation SDS-PAGE(Fig. )9} @& A7 Axd Eaad
(0,16, 11014 &4 B44E Yehlls oF 22 kDao] Gaka] ol
oIk, A9 #4g Ful3} 317 renaturation buffer] pH
E P oxalicum(HCLF-34)9] ZZ A4 %719 458 =43 2
# oldd BiiE pH 7.2(25)9 renaturation bufferB T} £&
s JeRAthFig. 1,2.3). P oxdlicumS F2 Bglu-
canase (17,4), chitinase(18), alkaline protease(l), thermos-table
acid protease(6) 5= HH|g= Ao= °Li':]7@ gJom, B
A Fel g BAG G2 Bl G4 NgrogRE (3
7§e] olmli At A H(NH ,-Glu-Ser-Tyr-Ser-Ser-Asn-Ala-Ala-Gly-
Ala-Val-Leu-lle-)& 2t RS2 B on, opuie it 4 ge]

homology region.

fFAMEE A3 A3 aspergillopepsin 1T precursor(12)9]
60~72 oWk 84%(11/13)] FALEE YERNZLOH, acid
proteinase eapC precursor(13)9] 66~76%¥1 o}0| =4k} 819%(10/
13)9] FAMZ=E JEM ATHFig. 4). Aspergillopepsin I pre-
cursor®} acid proteinase eapCE acid proteinaseZl| B2 B4 Z A
chesses A|ZTGA] & SHAFIE aspartic proteinase?]
FolH, FFHL proctaseZ F-ETH(13). Aspergillopepsin 1
precursor™  Aspergillus nigerol| Al R 5, aspamc acid
proteinase family®ll &35FAA} o8 7}x] th g EAL ztet)
ZE A pepsin type acid 32 aspartic protemaseg]- gy &
A2 F 20 kDa o)W, 282709] olnliitow Y HEL
olar, N-Zdell 59702] preprosequence® 2z, 397)9] o]
‘—{‘}E?_i TE light chain® 173709] ojm:=ako & FAgg
heavy chain® F7}4] mature form& &A1& 1, light chain?}
heavy chainAteloll 11719] intervening sequence® ZHETh(12),
B d7olA 2Ed 5499 FAEE mature form?l light
chain®] N-2&3} 11709 ofnleqt Ngo] XA Acid
proteinase eapC precursores WUE R3] FFo)?l Crypho-
nectria parasitica?} 8= 269701¢) oju|-ato = AE A
FAaolal, N-g] 6371¢] preprosequences X1 20671 2]
OFU]‘—T—/H’—E T% mature form& FA3TH13). B A4
e 4] FAEE mawre forme] N-ZHRE 10779
ot =4} homologyE WERAATE HlmE @A 9] propre-
sequence™ A UJRoA FAE viAds: dAle] Sl A
X 92 E¥" JET mature typed] Tido|t) mE=,
2 AolA s 9 Ae e 2u] FeEA mature
type DAL olv = Aoty fAlE

= Yl
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ol e AnzE B APNA P oxalicum(HCLF-34)0.8
B 22 GxAT B8 EAE renaturation SDS-PAGES]
ZHZ25E] monomerZA 4 BAd-S ZEE acid proteinase Al
o] gAs AU, Penicillium spp.1A oF| At A Fo)
H1EY} 1= acid proteinase Al%9] E4AZ WoEth o=
EAAESHE AiES o83l mA9 AA) opr|=At ME
= DNAANES Wl o2A AT iAo &S Ao
W el gk 712ARE AFsHA HAo
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ABSTRACT : Isolation, Purification, and Characterization of the Lytic Enzyme of Anabaena cylindrica
by Penicillium oxalicum (HCLF-34)

Soung-Hee Hyun*, Ho-Yong Lee,' and Young-Keel Choi’ (*Departmentof Premedicine, Eulji
University School of Medicine, Taejon 302-112, 'Department of Biological Science, Sangji Uni-
versity, Wonju 220-702, “Department of Life Science, Hanyang University, Seoul 133-791)

Algal lytic enzyme, an extracellular enzyme, was purified from the culture filtrate of Penicillium oxalicum
(HCLF-34) by ultrafiltration, gel filtration chromatography, and anion exchange chromatography. The
enzyme has a molecular mass of approximately 22 kDa, an it is a monomer by renaturation SDS-PAGE. The
amino acid sequences of the enzyme was revealed to be NH2-Glu-Ser-Tyr-Ser-Ser-Asn-Ala-Ala-Gly-Ala-
Val-Leu-Ile-—-, had about 84% identity with the mature light chain of aspergillopepsin II precursor and 81%
identity with the mature protein of the acid proteinase EapC precursor.



