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Penicillium oxalicum(HCLF-34)C 25 E 2H|E|= Anabaena
cylindrica MZY Bollgao 54
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Penicillium oxalicum(HCLF-34) 2.2 5] N 912 B0|¥= Anabaena cylindrica 23] 342) EX1-L renatura-
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AE2] FH) AT PDBHIA 50miolA w4 wjorst p
oxalicum(HCLE-34)& LA 1] E8te] )= 271717
Wit $ Whatman No. 1, 045um, 0.2um pore size9]
membrane fil-ter= A 0.2 st ik AH5Ae wiAlE
%X (Amicon ultrafiltration unit)®} Diaflo PM 300, PM 100,
PM 50, YM 30, YM 10, YM 3, YM 0.5 membrane filters
ol gste] AAfE 42bare] HEE Thsled BAEE 300,
100, 50, 30, 10, 3, 0.5kDacl4e] HEel ¥u &4E 7
fraction’ = 100 mi¥ 3 9 =3t Az 4= 4
719] WA 1004 BAR P oxalicum(HCLE-34)°] 500 ml<)
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@k bead beaterdllA] 1524 103] w23 & Whatman No. 1,
0.45pm, 0.2 um pore size2] membrane filter® <x}2 0=
A3kt 2ol AlEW - 9] Eagdd 135 o® 20%
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TFA] 80% ammonium sulfateZ 23l 4°CollA] 10817} %9k %
3} AJA TS A ammonium sulfate A 2] & 94
#8](10,000xg, 20min, 4°C)3led A& HAES 10 mie]
20mM Tris/HCI(pH 7.5) €+3-§Hol| sty dialysis tube
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A& 53] WHESle] Aol ME Y HE(crude cell wall extract)
& T Werzstal 20T Hashna ALgsiedehr). 4
A iz Zbzbe] Aol A olindrica®t M. luteus ) 3E2)
AEH RS AgelA 1820 3% =4 22 20mM Tris/
HCI $+5-894 (pH 7.5)9 8418l 712 -8 Fulabedcth

A pHel &Y

TR A olindrica$y M. luteus®] 718-8NS Britton-
Robinson &3-&#(1)C.2 AxE pH 3.0, 35, 4.0, 4.5, 5.0,
55, 6.0, 7.0, 80, 9.0 AFF 1m¥ Frletga, 4

Ageels FEE BxE B 5ao) A %HW 57}
80 ug/mlo] S 1ml¥ M bels 23 Al aeE E2o
B SHTE AR A7) Agatke 25°C FlEF
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FEE A olindrica®t M. luteus®] 7VEE AL Ay ol A
1.8-2.0 A= A 20mM Tris/HCl(pH 7.5) $-5-8-dHo) Hebs}
3 2mdE Al vran, o)) W OE A oylindricad)
WS- Alg el pH 3.59] Britton-Robinson 2H8-92 1ml
A H7VeRAL, M. luteus®) WS- M@ @l pH 4.09] Britton-
Robinson $H5-8-42 1mi¥ 715l Adatddls FulE o
ZF ol A4 AL 9d T} 80 ugmio] HA 1 miY
Rk e Agdes 599 Ui 552 1m¥ A7)
stod tizwog olgslirh. 2718 Algae 7tz o, 4, 20,
30, 40, 50, 60, 70, 80, 90°CS} wid7Io 2087k WA &
ice batholl 4] §H-&-& HAAZ|AL Al oA whe AFo] EAw

Bgks e d} vl malct.
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FHE A oflindrica®t M. luteus®] 7188 RE Ay OlA
1.8-2.0 = =A 20mM Tris/HCI(pH 7.5) $5-a-<hol| FHeta}
o 2mIE Alg T Urar, ok)e] WHOE A glindrica®
HkS- Al @l pH 3.59] Britton-Robinson $H&8-8-8 H7}
3laL, M. luteus] WH3- A8 3holli= pH 4.59] Britton-Robinson
HFENE 27 1ml HrRslGnh o] Alg el Féole
I} &k 0}7*74]:‘* 4_‘@3(31ii5)"n 1mi¥ et & Agd
ole daF Bl 545 HE E]f 2 %7} 80 ug/mle] A

Imi¥ H7bsha v Aol F3e] B SRS 1miA
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7F 423 3 71- L8NS 2am¥ AVelaL, A evlindrica®] WE
< AF#dE pH 359 Britton-Robinson ¢+H588E M
luteus®) W XA = pH 4.59) Britton-Robinson $H5-8-<
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Penicillium oxalicum(HCLE-34)0] A2 Enldls HX2F7
Bl 8271 A olindrica®t M. luteus 1 EE T3 pepti-
doglycancll e} Mg R-91E BR1E17] 95t 2 I E20
553 242 Al 34 259 pH 260X A E
A A17r Wglo] e A Hreducing sugar)T 20| 7] (free
amino group)®] %7 W3l 24}

713 #H| & X2

ZH9 A olindrica®) 71284 E 2709 A FeEpiAd
Britton-Robinson #3894 (pH 3.5)9 5mgml= A F8|8},
M. luteus®) 7)A-2-982 Britton-Robinson 9458 (pH 4.5)0
S5mgmiE A 2tz 8 miy FulEkch FHlE 718 =
Sl dS 20mM Tris/HCIpH 7.5) $H5-g-do] &3fiA1A o
4 HFF=rt 45 ugmdE HA 2mi& Hrksta T vhel
ZtaFoe 9 E 55 2ml A7l gRFos AR
k. Zzte) whgol-g 37°C HeEl 471150 rpm)oll A1 v e}
WA 2AZF o2 05miY FHetal, 25 me] AL FRT
g #rtete vhe-& AAAAT AgoIA §3 = (Pharmacia
LKB, Biochrom 4060) ¥3}2 343} 12,000Xg, 20°CS] %
Al A 1087 QAR STk

ghalgto| Mzt

g9i3el 5= Thompson?} Shockman®] WHH(23)0.2 4
gttt 7149 AAE] AAAAM 243 THE 07 343l
AE3 A5 1mlol 0.05 % potassium ferricyanide 1 ml
3} carbonate cyanide reagent(sodium carbonate 5.3g, KCN
0.65¢/11 D.W) 1 ml& &3t 100°Cel A 1583k 7FEgich
ice bathol A} 527+ A HBE 418 F 01N H,S0,89 25ml
< Arlsted Eslar A2olA 2,000xge] £E= Y43t
. A5 25mlo] color reagent(ferric ammonium sulfate
15g, SDS 3g, carbowax 20M 10g/1! of 0.05N H,SO,)
1mlE 718l 5 #1F A20x) Wx]g 3 Ay 9] Fgol|A]
FHEE AT #dF AL 9% standard curvew
glucose(Sigma)yE AH&-3HATH

#el otdlie7(el ME

GEF AEd BaEa 233

8 of|=r])9] FEE Ghuysen S(5)2 U2 FHE
t}. 714 9] AT FAHNA 247 THEo R 3|geate] H4lEE
# 459 09miol 0.1mie] 10% K,B,0, 847} 4] FDNB
(fluorodinitrobenzene) reagents F7}3le] 2 4131 60°C &
FzolA 3087 HXgc 2N HCl 0.1 mks 7K 3 Ay
o ol FFEE EAsAeH, fre] ofvlirle] FHE
9%} standard curve® glycine(Sigma)g AH&-3H T}

dn ¥ 0

Billgso X1 &8

Penicillium oxalicum(HCLF-3)ZHE] F& Axu - 9]¢
th A5 SDS PAGE % renaturation PAGEE A8 A1}
(Fig. 1) ¢ 22kDad] H&F 23 DS FRlslsion, re-
naturation PAGEON X Penicillium oxalicum(HCLF-34)2 ‘FZ5
B gAS AEeg Eulshs 202 RISt of ¢
A& ultrafiltration fraction & 0.5-300 kDa$] cut offlllA] =5
g ot 50, 30 @ 10kDa®l cut off fractionol A B-&
oFo] 19 itt. Ultra-filtration membraneS ©]-8-5to] A+
W2 28 Ao SPS-PAGESA ¥AlEl e} JesiA
FE)HRE egkon], U3 bandEo] «3¥ fractionoll A TF
Hoict Rigol olgh B oF 22kDa®] ©¥ldo] BE

Fig. 1. Cell wall lytic enzyme pattern of total soluble protein in
extracellular and intracellular extract of Penicillium oxalicum
(HCLF-34). A, SDS-PAGE; B, renaturation SDS-PAGE. Lane M,
molecular weight maker; a, cut off extracellular enzyme by 300 kDa
ultrafiltration membrane; b, 100 kDa; ¢, 50kDa; d, 30kDa; e,
10 kDa; f, 3 kDa; g, intracellular enzyme.
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fractionol] 4 #ZE 1o YM 50, YM 30, YM 10 fractions
oA 7 e oFo] YERsT, PM 3003} endo-enzyme frac-
tionol A= Ao E9) ©x] kit He] vhlg & g yw B
& B olslIgE] AZy Bajaso) WtelA vheals
Aoz G M. luteusE 7)AE AFE3} renaturation SDS-
PAGE@22)91 M= Ee] 848 =3} 317] flsle] mho) 3
4 &4 pH Z44I3 Ax}e} 2| drenaturation buffere] pH
T 4008 s AMSIA O, RE fractiono] M BUE
AAe X B4 bandE FEHH 5L, SDS-PAGES) A2} 2o]
Rizkel ofgh Exage oF 22kDacllt). oleldt A
Aspergillus niger’} ®418h= F 20kDa$] aspergillopepsin 119]
AT ARG, 8 FgeldlA EBEE acd protein
(35-40 kDa) family 2th= oF 15kDao] Z-& A48 ATETHL).

HER 26l §40 AN #M =A
Penicillium oxalicum(HCLE-34)0] ME9)2 H
el aae] Az 44 pH, 44 &
FAQPEAY % 2 2% oA 5& O]-%"P ZAFst ATt
AH pHE A olindricas 7)18& AMES 29 pH 3594 7}
A 5L FA4S YA, M lutenS 71AR A8 A
pH 4014 7H¢ 2 84S Yeh{th(Fig. 2). o] 3 o=
+%0]9] vjA] secondary metabolite® 0] FEE b
Al ke BHS Busto g wiugsizo] 7] pH 5.5 Wl

120

-D—-A oflindrica —-—leemf

Enzyme Activity (Units/ml)

Temperature ('C)

2000 420 30 40 50 60 70 80 90
Temperature (C)

Fig. 2. Optimal condition for the cell wall lytic activity of extracellu-

lar enzyme of Penicillium oxalicum(HCLEF-34). A, optimum pH; B,
optimum temperature; C, temperature stability.
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Table 1. Variability of enzyme activity; Effects of various metal ions
and chemicals on the cell wall lytic enzyme

. Relative activity (%)
Reagent(concentration) —
A. oylindrica M. luteus

Control 100 100
NaCl(10 mM) 127 74
KCI(10 mM) 78 62
LiCI(10 mM) 26 9
BaCly(10 mM) 82 30
MgCly(10 mM) 72 46
CaCly(10 mM) 11 3
MnCl,(10 mM) 54 21
FeCly(10 mM) 14 66
CuCly(10 mM) 16 27
PMSF(0.1 mM) 65 58
EDTA(10 mM) 43 18
BSA(0.4 mg/ml) 110 115

A oidgviel meeld pH 2 Wiols fAsheE gk B
B Bavh Bl W 40l FRoA e SS9 U
e Aoz 4‘/}54‘3}(10 21). A4 ¥he %= A glindrica
g VAR AR A 200C00M B 848 JeEIUT, M
luteuss 71 AT ARES APNME 20°CHl| A e B4LS e
WAthFig. 2). 49 &% ML A olindricas 71AE
M-S B9 M luteusS 71RE ALEE A BT 20-4°C
M =2 8434, 1S FREFE.2H, 20-90°C WA=
50%2] o] BHEAJHFg. 2). SHDY gl wie} Yty
o8 84 gAxel FFS vehlle AR dEi FEo
& 2 BAHA L AT A glindricaE 7)AE ARE A
Na*, K*, Li*, Ba™, Mg®, Mn?*9] <ko]&3} BSAE F4 9
BAE 237 whA Ca?t Fett, Cutte] oFo]23} PMSE
EDTAE f49 844 AAsh= 282 31 th(Table 1). 34
M. luteus® 71EE A3 A Na*, KY, Ba®*, Mg®,
\/1 2 Fette] ofole3} BSAL & 40] B4 % ZIA7)4L, Lit,
Ca™, Cu™*e] okol23} PMSE EDTA‘f Ao 248 JAst
4% A Table 1). o]¥i3t F&o] 23} obgAle] gk
ow 17}, 27} skoleol ols) @Ao] F7tala, Fe3+, Ca”,
Cu?*t9] ol oJafrie %* 1 z%iz‘ﬂ% A= 4@
217l Hxe e 54v) 2t 4,18)7} frAlsh élaﬂr%lﬁ}.

HER 28 g4 MEY 8 2R

Penicillium axaltrum(HCLFBll)o] AELE BEHlghs Ax
B A= A oylindrica cell wall extractE 7JEA = ARRS 7
- Fig. 3049} 2ol vhg AlZF $ 45 A|7b] Sdde] o)
F438] F7istg e, e ofrivle] k& Ao el gl
O M. luteus cell wall extract® 7|45 ARE3E ¢ vk A
Zb 2 2-3A7E Atole]l ghlge] ofo] A4 Zvislen, val
ofp|i=7)o] oke A ] ’ﬂﬁl‘:‘ 2 4 glolthFig. 3). X
2 M-S o RRE HEsh: A% ol A5 -r}
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Fig. 3. Activities of extracellular enzyme from Penicillium oxali-
cum(HCLE-34) against cell wall extracts form Anabaena cylindrica
(A) and Micrococcus luteus (B).

S AEHe] o) o] MEslolL). 0|2 o] AT A
B8 JIpEEskE AAES IA glyco-sidase$} peptidaseZ
oA H (23), T AlE Y] 8 2 virulenced &= ¥ 3}
€ RAe2 gEA v(18). welAl, £ Al A #elgh AlxH
B AT Anabaena oylindrica®) cell wall 7R F
glycosidic bondE #3l81= muramidase *E= glucosaminidase
9} o] IAUFS FEIAFIE glycosidase AlFL] AU HO.
2 FEETh22, 23).
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ABSTRACT : Characteristics of the Cell Wall Lytic Enzyme of Anabaena cylindrica from Penicillium
oxalicum(HCLF-34)

Soung-Hee Hyun* and Yong-Keel Choi! (Department of Premedicine, Eul-Ji Medical College,
Taejon 301-112 and 'Department of Life Science, Hanyang University, Seoul 133-791, Korea)

The fungus(Penicillium oxalicunm; HCLF-34) secreted the cyanobacteria lytic enzyme which had a molecular
weight of about 22 kDa, a optimum temperature of 20°C, a optimum pH of 3.5, and a temperature-stable up to
50°C. The chemical ions such as sodium, potassium, barium, magnesium, and mangan ions appeared positive
activity, but calcium, iron, copper ions, EDTA, and PMSF displayed negative activity; this results were the
same as the characteritics of other cell wall lytic enzymes. This extracellular enzyme showed lytic activity
against SDS-insoluble peptidoglycan of Anabaena cylindrica. The cell wall lytic enzyme of Penicillium
oxalicum(HCLF-34) seemed to be glycosidase-like enzyme in the fact that the concentration of reducing
sugar was increased when the peptidoglycan ot Anabaena cylindrica and Micrococcus luteus reacted with
this enzyme





