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Moraxella sp. CK-1= =5 Anabaena cylindrica®] AAE A 83 42 A 91} Moraxella sp. CK-18] A X
9] autolysin®] 28] o237 & upy o 2 Bal & A £314 . F59% 660 nmel A 0.7~0.8¢] =2 BGC-11 A
ZujjoFA A 7)-9-3, A 22 2. FF2] Moraxella sp. CK-1E A) 7 8 5] A) E vl ¥ -2 Amicon ultrafiltration.&
2 522 soch T2¢ A E9 P L (NH,),SO,Z 0-20%, 20-40%, 40~60%, 60~80% 2. -8 5ta] S Al
14,000xg=. A Al Z ok AHE D9 A-E 20 mM Tris-HCL, pH 8.0 4F2f 22 A7) 5, Y 4389 &
o] 43le] 42 3¢l (NHY,S0, 2 ¥ 3 5 B ¥ S 93 Anabaena cylindricaZ} =X 3 Tl Z] of] A
AL FA g A}, 40~60%, 60~80% A FA o] &S el o] &2 742 Mono-Q™ HR 5/5 (column
volume 1 ml) columng o] -4-3t] FPLColA T4 & F-e) 3ty o). (NH),S0,Z £33 40-60%1 M= major
peak 371, 60~80% -5-3& o)l 1= 27 2] major peak7} 22 = $1}. Mono-Q™ HR 5/5 columnel A 23] H o] v}
major peak 5/ & T8 5| Anabaena cylindrica lawnol| A AL elalg] o} #elo] HA] sk} PVDF
membrane-2- 0] £-3}4J transferdte] 40~60% A ol A] 17 kDa2] T A& o1 o}y v}, o] & N-terminal amino acid

sequenceS 3}o] serine protease®] A QY-S &Flagd).
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2 AZoxMe 8 BB A9F2) Anabaena Cylindricas %
REAEZ 3= Moraxella sp. CK-122Z5E AHX 5o g wi&5
£ autolysin® #2] R AAISVA Anabaena Cylindricas] B74E
AAZ= B4 FFH-E WA 31T

Mz Ay

AMEZF2t Y=

Moraxella sp. CK-12 0.2% Casiton (Difco, USAYS 3=
BG-11#]]|(NaNO, 1.5 g, K,HPO, 0.04 g, MgSO, - 7H,0 0.075g,
CaCl, - 2H,0 0.036 g, ferric ammonium citrate 0.006 g, EDTA
disodium 0.001 g, Na,CO, 0.02 g, H,BO, 2.86 g, ZnSO, - 7H,0
0.222 mg, Na,MoQO, * 2H,0 0.39mg, CuSO, - 5H,0 0.079 mg,
Co(NO,) - 6H,0 0.0494mg, Citric acid 0.006 g/, ©]3}ollAl&
BGC-118 A1 2 E3hel] HF3std 37°Cel| 4] 150rpme] £ 2
Agsomn=0.7~0.802 37d wj7}x] & wjdatdct. aAei A=
2871 vl A Aol 1.8%2] agars H7I8le] o]8319ith

Autolysin THYZ o] &2

BGC-119| Rl X vl ¥t Moraxella sp. CK-1& t5A4#
7)(Aggo ny=0.7~0.8)7FA] ¥R & AAE-2](7,000Xg, 20 min,
Beckman JA-10)E §3t9 T8 A AlEnjdds 4L H,
YM-10 membrane filter (exclusion limit 10 kDa, Millipore}s 7}
A= Amicon ultrafiltration¥ ] 2 F&slgc). o] 52AE thA)
AAE-2)(7,000Xg, 20 min, Beckman JA-21)5}] Abzoiule m
Atk AFAe Wk SHEA (NH),S0,5 Hi F=7) 30%
(176 LTS 71 H 30k80] 2 5 AAEE)(14,000xg,
25 min, Beckman JA-21)3}d HAE-(0~30% H&)3} Aoz
EE3IATh Lol 3o thA] (NH,),S0,F 50%(126 g/L)3
7F8kaL 30%0] A FH U4l#2](14,000xg, 25 min)dte &Y
I HHEGO0-50%E 2y ¥R 50%7H4] (NH,),S0,7F J
7he 23Ede] EOHA] (NH,),S0.E 80%(210 g/Ly7HA] H7bslaL
3080] AdH Y EE(14,000xg, 25 min)dtd HEAH ANE
(50~80%)S EE]3I9t}. (NH,),S50,4] HAERE dojx JHE
£ 20mM Tris-HCI, pH 8.0 ¢80 2 sy 5Y 9=
B4 2L 12A17F A5 (spectra/por 4 membrane, spectrum
laboratories, USA)3ted (NH,),SO,Z& A ASIHTE VIVA SPIN
(VIVASPIN 15 Concentrator, exclusion limit 10kDa, Vivascience,
UK) .2 d4E2]71(3,000xg, 20 minyS o]&3le] £2& ztz}
FEINA. 919 BE L 4°CelA] =35kt Tl A

Autolysin®] £] AA] 2 B =3 199

%2 BSA (Bovine Serum Albumin)S 71EAIEZ2 314 bradford
methodZ- ©]-83}59H(1). FPLC (Fast Protein Liquid Chromatography,
AKTA purifier 10, Amersham Pharmacia biotech, Sweden)oi] ]
Mono-Q™ HR 5/5 (column volume 1 ml) columng AHE-3FTE.
Ao oA Aol 0~20%, 20~40%, 40~60%, 60~80%2]
AEE 20mM Tris-HCI, pH 8.0 5848 ]85} 1 ml/min
9] &= 2ME NaClg linear gradient (gradient volume=

Cell culture in BGC-11

A

Concentration

(without cell by centrifuge)

v

Precipitated of

Ammonium sulfate
0 ~20%
20~40%
40~60%
60~80%

v

Dialysis

20mM Tris-HCl, pH 8.0

v v

FPLC Electroblotting

lon exchange column : Mono—Q PVDF membrane, 100mA, 2h

20mM Tris (pH 8.0), 2M NaCl (10mM Caps, 10% Methanol)

Table 1. Flow diagram of purification steps

Table 2. Purification of autolysin produced by Moraxella sp. CK-1

Purification Step  Volume (ml) Total Protein (Lg) Relative activity

Crude extract 2000 26.8x10° N/D
Concentrated 40 3.56x10° 3
Precipitated of
ammonium sulfate
0-20% 5x107 0.18 0
20-40% 5%107 2.02 0
40-60% 5%107 0.16 3
60-80% 5x107° 0.64 1

*Relative activity determined by lawn assay of clear zone size (N/D:
not determined).
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0mhyde s A Belstyct. Eeld d9de, FPLC
control software®l UNICON™ V3.10 (Amersham Pharmacia
Biotech, Sweden)®] peak fraction mode® 3}e] A, ol
columng FFH3}A & AlEE B35l Algdel] g 3
ZE 3k oE FY 458 YoM T4t g8 AASIA
o} Autolysin®] #2339 @A 2 EAEE Table 13 Table
290 742} ek

Chef of SfQl

(NH,),S80,2 #33lo §24% 27} FPLCY] o] n$h A=n}
Egfyg 23 B35S 15% SDS-PAGE (Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, Mini-Protein I electrophoresis,
gel thickness 1.5 mm, Bio-Rad, USA)dIA H7|9E-S st
H7195°] B¢ gel2 Coomassie gel staining solution (1)< ©]
25l GAslal, Coomassie gel destaining solution®. 2 B3}

of W Ae Blstirt.

SDS-insoluble peptidoglycan Anabaena cylindrica 7|2 2] FEH|

Anabaena cylindrica’® Moraxella sp. CK-19] autolytic enzyme
o] 71AE AMREIAC}. Anabaena cylindricaZ Al viFHol A
QARSI WEAZE AZIAE 09z 4%wh) SDS
100mlE Aeshar 30237t 2olil 413 F o)A 14,000xg,
30min YHEEFEAT. AZFDES A 4%(w/v) SDS 100
mioll e 7 30 52 Boln ARz AHS 33 v
E3 5, 400 ml BFE SHTE @t dagske AHLE 5
3] W83t} SDSE AASIATE MEAAEE o) WEAxst
o] SDS-insolubledt 7]12-& FH]&Hch

EHNyE £H

FAE 4L Takamotos 2] W (27)S W83l SISt
o] Ao Ao]Z SDS-insoluble peptidoglycan Anabaena
oylindrica 7V3& SAAPEE o] 83t A I F 20 mM
Tris-HCl pH 8.02 A, = (UV-2101PC, UV-VIS scanning
spectrophotometer, SHIMAZU, Japan)oA] 12~1.57} S =& &
g3ttt 42he gollA FHIgE 71 980 piell 2F GAlA
S ABE Spg F7REE H 40°ColA 3082 B2 FEee] WalE
s

W3- d3 ¥ Fo] 3T zlolg Hiasl B4%

a3t

i
A

3

Double-layer agar method

GEF B8 U517 Y30 Anabaena cylindricas 5
2 3k double-layer agar method (25)5 YB3} ARt

BGC-11 viAel 1%9] agars F7}etd 2371 B viAE 7|
g FHlel, 2%9] agars 3 SF5¢ 29 5% BGC-
11 8RS 22 sl 50°c7HA] =8 W &, e 2
TE 15mio] SmAE S ohe, 78 927 10mis
A412-2](7,000xg, 20 min, 4°C)3te] @& AABS 4719 WA
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& &, vlg] F9) Holgle BGC-11 FEEAYd 1 5
B oA 23 T, 2F wldrlolA 30°c, 797 wleksle
Anabaena cylindricas 373 AT}

Anabaena cylindrica’t =X Eo]dE Howjzle] g7
A1) 10mm?) Whatman paperS HIu]x]o] S3EL H,
(NH),SO,E 83 A|59} FPLC] o] w3 FA=ZvriE 1)y
ZRE Ay peakdE B3 U2 AEE 3ugH
Whatman paper®l]l o} ZFH[E7|o) A 2 vdE 3t clear
zone?| S TS

AutolysinZ4 8 X\ chHE of of0| &t MHEY

15% SDS-PAGEcIA Yx}& o2 223 5] PVDF (Polyvinylidend
difluoride, Millipore corporation, USA) membrane®.E Blotting
(Mini Trans-Blot Transfer Cell, Bio-Rad, USA)S transfer buffer
(10 mM Caps, 10% Methanol)°ll 4] 100 mAZ 247+ o] F8}%iTh

2717t A3l 5 whilEo] o] 5" PVDF membraneS Ponceau
SZ dhisle] i ER1S 31t Ponceau SE HAELS] 1)
EPt Tl AR RS 37 23 8ER]| A AU (KBSI, Korea Basic
Science Institute)®l]l protein sequence® &U3F T Edman
methodE ©|83le] F7|AEE #sl= PRO (Procise 491
protein sequencen)= 10712} T2 Q714 EL F151).

&1 g nE
Moraxella sp. CK-12] 4% 54
BGC-11 ¥Rl X 37°C, 150 pmoll A Nghufok 198w 184
Zreoll 21 7)(A g nm=0.7~0.8)°1l =B35S} YukzQl At

S YPFH gl A7 A glo] B AEE
ERAITHFg. 1).

Nz jekeo| =& 3l autolysin EA1Q| &0l
21.¢] BGC-1143XE w|FA NN Moraxella sp. CK-1T7-5 A4

104 -

[
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Fig. 1. Growth curve of Moraxella sp. CK-1 in BGC-11. Moraxella
sp. CK-1 was grown at 37°C in BGC-11 medium. At the indicated

time point, a portion of culture was aliquoted and the degree of cell
growth was determined by optical density at Agg)
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#2](7,000xg, 20 min, 4°C)& B3t &3 H wigdnke &
At BolAl ufjeFel-& Amicon ultrafilrations F31 40 mi7}A]
FES HUHS0XEEEE). Moraxella sp. CK-17F EXAYER]
Anabaena cylindrica®] AB7-& AAS= autolysing A3 3H=A]
Flehaizt w53 AEujddS (NH,),S0,5 0~80%7H4] 2]
te) RE WAL AU Anabaena cylindrica?t TEF
iAol N A e 3] 33 F5F4, 20mM Tris-HCI, pH
8.0 ¢F&HAT} (NH,),SO0X et L& AEE Anabaena
cylindrica’} =X 8 FPuA)o] HEF-ES T F 297 30°C) =
FHulF7IoA clear zone BX3E A3, (NH),S0,2 HHg
FAXEE clear zones A &S IEIAL &3 UVE
ol-g-3 FAEQ] W2 Z SDS-insolubledt Anabaena cylindrica
© 8l galEA 7] wiEel WEHEAI Anabaena
oylindrica® TAAPES o83l FA wdEte] A, 1419
FAEI} 124157} HEE 95890 dEsle] EHAEE 5A
BT 40°Coll A 308 ¥REAIZD H FBxe] ¥skE A
t}. Control® AME3F 20mM Tris-HCI, pH 8.0 95848 A7}
g ZAME 40°ColA] 308 vhE HO] F3%o W) A9 ¢l

o1} (NH),SO o2 d& 88 Hrlgh RollMe= §5
=9 "3 UslS-S #2isle] autolysinell 2J3F A4S thA
g IS ATHFig. 2).

Moraxella sp. CK-1 75 H1O.& o= thild & YZ27/9
A Ee-g B autolysin®] EAE #<187) 93 Anabaena
cylindricat =EE BB R} UVE -3} autolysin®] S
o A AFE RIS EUE Sol3Hl 3171 s EHo
HWHE 0~30%, 30~50%, 50~80%= AME3stETh olxE 33t
2 U] BEZ A5 BXHTE Anabaena cylindrica’t =X

3.07

\
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Fig. 2. Identification of autolysin activity in the culture medium of
Moraxella sp. CK-1. To verify the extracellular autolysin, the culture
medium of Moraxella sp. CK-1 was harvested and concentrated with
Amicon as described in “Materials and Method’. Fraction of
concentrated culture medium was mixed with SDS-insoluble
peptidoglycan Anabaena cylindrica to the reaction volume of 1 ml and
incubated at 40°C for 30 min. Representative activity was determined
by the ratio of A, reaction with fraction of culture medium to
A 60 o TEACtion without culture medium.

Autolysin®] 2] A & B85 54 151

B G Rl A B2EATE. 30~50%, 50~80%F HE T RoljA
clear zoneE A5l BAEI} US-S RIS UVE o8&
3 A% M $E AFuEA-S (NH),S0 - e
Z 0~80%71A) BE ThAZES A B3 §xrT i
oF3} 2] H(data not shown) 50~80%°NA A7} 30~50%K ch
6 ZA YeEldthFg 3A). )24 BAHAEE 2 autolysine
30~80%%&el (NH),S0,2 IHEE FRIst3L, 28<] He
E O AEESlY 0-20%, 20~40%, 40~60%, 60~80%S.8 2
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-
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Fig. 3. A: Pinpointing of the ammonium sulfate precipitated region
(0~30%, 30~50%, 50~80%) containing autolysin activity. Concentrated
culture supernatants were further separated by ammonium sulfate
fractionation (M, 0~30%; @, 30~50%; A, 50~80%). Autolysin
activity was determined by the same method described in Fig. 2. Three
independent experiments showed similar results. B: Detection of
autolysin activity from double-layer agar method (lawn assay).
Culture medium was concentrated and fractionated by ammonium
sulfate precipitation. Autolysin activity from the fraction was
detected by lawn assay as described in “Materials and Method”’.
Clear zone indicates the lysis of Anabaena cylindrica by autolysin
from Moraxella sp. CK-1 (C, D.I Water; 1, 0~20%; 2, 20~40%; 3,
40~60%; 4, 60~80%)
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36kDa s
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24KDa #s.
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Fig. 4. SDS-PAGE analysis of ammonium sulfate fraction containing
autolysis activity. The fractions pooled samples were subjected to gel
electrophoresis (15% SDS-PAGE) and Coomassie stain. (M, marker;
1, 0~20%; 2, 20~40%; 3, 40~60%; 4, 60~80%)

33l GA=7 JEe 99 FEUTE PR oA
40~60%, 60~80%S A clear zoneS BA3E BAES A3
218t thFig. 3B). 0~20%F 20~40%<] ®EFItolA=
autolysin?F = #A#0) gl ONAEY ARo) US & & UM
. g4do] AL BFE £ 60~-80% B8 | AR HH
Aj7bo] ET AR} 40-60% TR0 BRI O A TEAHR
o 257 Qe B89 whilEe] EXEEE 15% SDS-PAGE
) 815t 20kDaolBle] autolysin®] AT HHE Fa%h
@A) pand7} 27071 DES IS ol EAFHLS
17 kDa, 14 kDa-Zol| A eV ThFig. 4).

FPLCE O| B¢t ChulElof 2|

2 A A3 ol wE AzvfE I E FHA 22 &
AR o] 8314t 0~80%71A] (NH,),SO,FAH S o83l d&
Mono-Q™ HR 5/52 ol&&te] sfgoul, el s A4
<l FE5 WafsiArt 289 HAE Yl X(0~20%, 20~40%,
40~60%, 60~80%)2.F 3t FPLCAIA fol =Ho s B3l
t} 0~20%9 E-ZolA= 3709 major peak’} WFHEH resin®}
AFsA] e peaket EWaCle gradien’t 240 mM 920 mM
oA peak7} WSk, 20~40%2] E-HA = major peakZE A
FalA] b= peak’t o EFES UEhlle 4 wm Ut
o}k 40~60%%) Aol ZAR3A BT peak, B gradient”}
250 mM9} 730 mMoll A peak”} L}EFstTH(data not shown). HEZE
60~80%2) 733l ZAFsA 58 peaks}t 730 mMollA T2
%23} peak7} ®-2]H ATHFig. 5).

Columng Edle] 1}e HEES wol B4 5 159 SDS-
PAGE oA vhiid Fa] 317} ool Ae] &84S B
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Fig. 5. Elution profile of 60~80% fraction from anion exchange
column chromatography. Samples from Fig. 4. were further purified
and separated by Mono-Q™ HR 5/5 column in FPLC system. Column
was pre-equilibrated with the buffer (20 mM Tris, pH 8.0) and 300 ul
of each sample was loaded. Column was washed with 5 ml (5 bed
volume) of same buffer and bound proteins were eluted by 0-2 M
NaCl linear gradient.

oy Bas = Wl A o] band9) clear zone2 Q1T 4= ¢}
Aok, Moraxella sp. CK-1914 W2E autolysin®] Aol 23|
Gl Ao] Ea7 oyt wEo) bradford methodES ©]8-3t
@il Z o] o] S Wl o}, AlE BIoE EHEE AXE
2] & (extracellular enzyme)d] o) A7) wjFolz} AZtE
2t}

A9 o) w A=vtEIHT S A= 20~40% EF M=
Mono-Q™ H/R 5/59] resin}e] A§o] §18-8 Yehzglem,
40~60%%-8 2} 739 250 mMI} 730 mMe] Fo] AIMEHAS
) major peak”} UEIH= 202 Hol 15% SDS-PAGEA H
AR 20-40%3 40~60% E-F 9} 17 kDai-Zol A vERE
bande= A& CHE g Ad Ao 2 AzrE]ojz), Hulz|e] &
Ax ZANME o] BT g}

w3, P AolA A4S HSl 40-60% B8 60~80%2)
3o 79 ol uF AZviEIYTe] EME B A
250 mMZ}F 730 mM2] Fo] H7FllA peak®] HEl7F e B
F3l Ytk o529 peak7} auolysin?} HHE F LG Fiolt
Az e o)zt

PRO (Procise 491 protein sequencer)2FE{2| THHE oln|
cike| 24

15% SDS-PAGEZ ©ild$ dxxoz E3F ¥ PVDF
membrane ©]-&31] 100 mAZ 2417 o] 3T 241 At
3t ¥ PVDF membraneS Ponceau SZ ZAlsle] o5 Tz
9] ¥x}Fo] 17kDadS ERI3tt). & do] o]F# PVDF
membraneol| A ©9°d 2] N-terminalZ2F-E] 107]9] oluji4l H49

& =712 A AT AKBSDO] 28t Table 39] A=
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Table 3. Determination of amino acid sequence of extracellular
protein containing autolysin activity.

Residue Amino acid
1? Ala, Ser, Arg
2 Glu, Gly
Gly
4 Asn
5 X
6* Gly
7 Phe, Leu
Ile
Arg
10 Ala
11 Glu
“Perfectly confidence can not peak to result.
"Not determined.
1 MTRQMILVVE 0Q B: o z
2 : FIPHLMREYSS REPRIKTPNL DRL *
3:TNILSTIDV & Q V-RSSYG MKA "7,
4 : ASPLHPP QRYP--VINIDQMPPEA F

Fig. 6. Amino acid alignment of Moraxella sp. CK-1 autolysin with
other extracellular hydrolase proteins. Identical amino acids are shown
in white point on a black background. The origins of the sequences
was as follows; 1, N-Carbamoyl-D-Amino-Acid Amidohydrolase
from Agrobacterium tumefaciens (31); 2, Phosphonate monoester
hydrolase from Burkholderia caryophylli (6); 3, Extracellular basic
protease precursor from Dichelobacter nodosus (16, 17,29); 4,
Probable hydrolase protein from Ralstonia solanacearum (24, 26).

ATt

ZE vl O 2 GenBank (NCBI, National Center for Biotechnology
Information)?l| 4} protein sequence® A3}, ©]F Clustal X
NA LA=F #o} Fig. 69] 275 Aot

Agrobacterium tumefaciens= B2 ALE THAAA D-
form¢] o}r|ieAke B|E 9= I amidohydrolaseZ 22 {lch
A BTG, Moravella®t 2] AAE AAHAT=
Agrobacterium tumefaciens®] amidohydrolase¥} = 70%2] YA %=
& B Fa1 9o}

Burkholderia caryophyliic=: & IAJANAM 218-2] P50
Ao AHA 23] 288 3h= phosphonate monoester hydrolase
Sh= 40%2] GRS Eeola 3lke).

Moraxellas3} 332 gram negative?! Dichelobacter nodosus®)
74-2-oll = extracellular basic protease precursorZ= 50%<9] YUX]
& HolH autolysin® 7HAe= ML Ro} Moraxella sp. CK-1
I FAMEe] Be dulEds & 5 AUt W7 Dichelobacter
nodosus®] ML FAo] TNE I 1603709 o]t A
g 23 Qar o|FolA 133~476Hl A Thelge) g8 Zi=
Ao BuEIFTH(16, 17,29). EFF Moraxella sp. CK-12] N-

Autolysin®} #2] A 2 B =4 153

terminal |4t AEF 3910HRE YA HAFT i)
Ralstonia solanacearum<> Bacillus solanacearum®| 2t LA
221 probable hydrolase protein™ 80%<] YA EE HoJFE=S]
t}. Ralstonia solanacearum®A] gram negative®]8 4] autolysin®)
4 AE grlo] FAS Baleke Aoz gEA Ath24, 26).

Autolysin®] AL Zte= 9¥EL oy FFH7F 9lon,
Moraxella sp. CK-15= A EBAE Anabaena cylindrica
o disted A &A4o] A& FIY, ©|= PVDF
membrane® & O[FA|A ofu[=dt MEE A3t A E EYE
gz o] /S FR13t A3} hydrolased| B <] serine protease
Ao 2 dSEt). YO Z Moraxella sp. CK-12] autolysing th&
9E-e & 4 UE= cloning systemS Z)EEld $Evkele) 2
o] B REITloA Be] 3tdd Al & T Halg
Az w7},
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ABSTRACT : Purification and Assay of Extracellular Autolysin from Moraxella sp. CK-1
Young-Sang Oh, Chang-Hyun Lee!, Myung-Soo Han? and Moon-Young Yoon* (Depart-
ment of Chemistry, Hanyang University, Seoul 133-791, Korea, 'Division of General Education,
Pyongtak University, Pyongtak 450-701, Korea, *Department of Life Science, Hanyang Uni-

versity, Seoul 133-791, Korea)

Moraxella sp. CK-1 is known to inhibits the growth of Anabaena cylindrica, a cyanobacterium. It has been doc-
umented that the ability of this growth inhibition of Arnabaena cylindrica was attributed to extracellular autol-
ysin from Moraxella sp. CK-1. However, it remains to be elucidated identification and characterization of
autolysin have yet been elucidated. In this study, we tried to purify and identify autolysin secreted from
Moraxella sp. CK-1. Cells were grown in a complex liquid medium (BGC-11) and culture supernatants were
collected, followed by ammonium sulfate fractionation. Fractions were further separated with anion exchange
column, Mono-Q, in FPLC system and analyzed by SDS/PAGE. The fraction containing high autolysin activity
showed a single distinct protein peak in anion column and molecular mass of about 17 kDa in SDS/PAGE. N-
terminal amino acid sequencing of the protein was analyzed, of which result showed the homology with some
proteases, including extracellular serine protease, Dichelobacter nodosus.



