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Purification and Properties of a Protease from a Cyanobacteria-lytic
Bacterium Lysobacter sp. LB-1

Atsushi Mitsutani* 2 and Kaoru Takesue 2

A protease from the culture medium of a cyanobacteria-lytic bacterium, Lysobacter sp.
strain LB-1, was purified by ammonium sulfate precipitation, anion-exchange chromatography,
cation-exchange chromatography (first), hydrophobic chromatography, cation-exchange chro-
matography (second), and gel filtration in order. The protease was purified 36-fold, and the
final yield of it was 4.0%. A molecular weight of the purified enzyme (LB-1 protease A) was
estimated as 32,000 from the elution volume at gel filtration. Optimum temperature and pH of
the enzyme were 50 ~60C and 10~11, respectively. The enzyme was strongly inhibited by
phenylmethylsulfonyl fluoride (PMSF) and weakly inhibited by antipain, but not inhibited by
ethylenediamine-tetraacetic acid (EDTA), pepstatin, leupeptin, and phosphoramidon. The en-
zyme was considered to be concerned in the lysis of cyanobacterial cell by the bacterium, be-
cause it could lyse the cell of a cyanobacteria, Anabaena cylindrica, treated in sodium dodecyl
sulfate solution at 100C.
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2.1 EEEEEE

BRAMAE (UM%, BEMELRETS) &LT,
19844F 5 A0 H ICEEE MMM QM K2 b HEES h i
Lysobacter sp. LB-1 e i A

2.2 WEOEE

BEMBEOREICIE, 0.5%% > b~ (Difco) 28T CT
il (Table 1) & W7z, R4 KEB L URINEODD,
HIE & 5 IO R & AN Mifass = 7 9 A T ICHRE L,
ERHA B LR ER VAR LESTTRAF v 2 A5 —
T =12 X ) (250rpm) L, 30°C C4SEFRMEE L /2o &
A ORI % R LB (13,000mpm) IS & Y 0,
BONLEERERHEE Lz, ZORBEL &I, HEL
BIEZT o700 2B, BEBRERT TS5 TTI-7

RE

Table 1. Composition of CT medium
supplemented by 0.5% casitone
Casitone (Difco) 0.5 g
Ca (NO;;) 2 '4H20 15 mg
KN03 10 mg
MgSO4'7HzO 4 mg
Naz-B-glycerophosphate 5 mg
Vitamin B, 1 ng
Vitamin Bip 0.01 73
Biotin 0.01 773
TAPS* 40 mg
PIV metal mixture 0.3 m/
Distilled water 99.7 m/
pH 8.2
PV metal mixture
FeCls-6H20 19.6 mg
MnClz-4H,0 3.6 mg
ZnClz ° 7H20 2.2 mg
CoClz-6H20 0.4 mg
NazMoO4+2H,0 0.25 mg
Na2EDTA -2H,0 100 mg
Distilled water 100 m!

: N -Tris (hydroxymethyl) methyl-3-aminopropanesulfonic
acid.

2.3 BERORBURE

2.3.1 WiRiEW

BELERZIAT v 7 A5 =5 — 12X DRonICiEy
Lahs, HohLOASHTT VE LIZEREORET ~ €
S LSBT OWAIHRMLT, HBET T2 4%
B0%EIFNEL 7DD, HEE LD, —MilkE L7z, 2H,
Hiea 0B (13,000rpm) 12X D iLBERED, 5% 7
O —VBLU0.IMELF M) Y A% &EH20mM kU X
IERRIRER (pH 8.0) ICHEH L7z, NEHOWE %
&5 HE (8,000rpm X 10min) 12k o ThFELZDH,
1005 & D FFRERICHT L C—BBiT L, BRI E L,

2.3.2 Q-Sepharose Fast Flow & >3y Ov 4
74—
e U= B R W IC DWW T, Q-Sepharose Fast Flow
(77 v=o7i) BAA v Rpru~v v 7574 —%
Tole MHIRERICIES %27 )0 — VB L U0.1IME
1bF MU v 2%EL20mM b U X/ EREEER (pH 8.0)
TRV, BHIZELT M) Y AREIC X DEBAHEIC K
DT o720 7Ry FEEIZ4A0m] (2.6 X10em), FEHEi
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1m//min, ZEY A AlE5mik L7ze

2.3.3 Mono S A XZ@yOYIIST 14—
(1E8)

Q-Sepharose Fast Flow # 5 427 0~ 777 4 —Di&
THOEMESRED, BT ) BERETIRLI-Ob,
Mono SHR5/5% 5 & (77 V=T TH) ICXBBA 4+~
ZHra<w 757 4 —ET o7z, MRERISIES %7
Yru— L EED 5mM 7 Y EEER (pH 5.0) £
Wi, B, 0~0.2M (LT b Y AERIRESBCE
Ik 5T o770 73#130.5m/min, 7 EY A X3 1mik
L7

2.3.4 Phenyl-Superose N1 KO 74—Ev 7707 b
T574—

Mono SH A7 0v k757 4 — DR, HHEES%
£y, BT L Y BE IR E20mM 7 T ¥ BEEE (pH
5.0) IZ&HL72, BIZ, 2MBEBT vE=T L5880
20mM 7 T v BRRTE (pH5.0) LREL, WERT ¥ T
=Y AEER1.2M ICHHE L 2# BT DWW T, Phenyl-Su-
perose HR5/5% 7 & (77 V= TH#) Ik B4 Fu
TA—¥oruv I 7 4 —%fTol. PEIREETRIC
B1.2MBREE 7 v E= v A % &1 20mM 7 T v BRREH IR
(pH5.0) AWV, A, WET v E= 7 ARE?
1.2~ OMICTIFR LRI, TFL Yy 7)) a—VigEx
0~10%I2EiF B2 L2 X V1T 5720 Hii#IX0.5m/min,
S 4 XiE 1mik L7z,

2.3.5 Mono SBEA A XWI/OTMIFTT14—
(2E=E)

Phenyl-Superose N { FO 74 —¥y 7 70< 77
74 — DR, EHEESEED, BEMICLY, REERE
L7=®%, Mono SHR5/5% 5 4 (77w 7TH) 12X
BBEAA VRO NI T T 4 — % IT o720 MHIRER
WI1EE & REDO b D F AV, HHiE, 0~0.1MIE(L
FrPUYLAEBBEAREICE D To 7, HER
0.5m//min ({8 Li&EAEF120.1m/min), FEHY 1 X
130.5mi& L7z,

2.3.6 Superose 6 7IVAHiE

Mono S 7427 0< 75 74— (2EE) DR,
ERES 2 ED, BMCEVBEHRERL0L, R
ABL= o b (IURTH, EAy P IS DIEHL

728 BHI D W T, Superose 6 HR10/30% 5 & (7 7 v=
DTH) KL BTN BEAT 572 BEWICIZ20mM
T UBEEH (pH 5.0) 27z, H#iX0.5m#/min,
S A X120.5mik L7z,

SFET—H—ELTC, FhZU—LC, I47TEY,
FEM)TSY)—F VA, ARTNTI Y, BIOFIIE
FNTIVOSEEDY s ERAV, IhHDRE
WIZoWT, AEHETTrVABETR, Z05 DOEH
R % 52 L7z

2.3.7 BREE

Superose 6 7V ABDRER, HHEES EED, B
Bz b (IURTH, EAH Y M) 12X DHI0REIC
BiEL, BEREREAREE L7z, 0.0625M 1) X /iR
WBEW (pH 6.8) KX LTBEMZ2ITo70b, A0
I LC70% 7)) 2 a— VB XU0.05% 7aEFE—VT
V—%&1:0.0625M kU R IEEREER (pH6.8) %1
DEETRAL, TZVUNT I FFEVICEMLE. RO
IZAFTHIVPAG TL— b/15 (E—{bEERHE) %
v, HERMEIZ2, 5, BLUW0klE Lz, KEHE
BII20.192M 7 ) ¥ > /0.025M U Z#EE (pH
8.4) Wz, WKEWKRT®R, /-~ =7V YTV T
V— G250RiRIC L ), BRTIES v 32 Eoffi
BT 07206, REBHEICEVEL RNy 7757 2 K%
OB ETHE L.

2.4 7FO7F7—HEEHEORE

EEIZT VA E¥A v %, Charney and Tomarelli @
FEE I & Dl L s, #BHEICIZ20mM b U 2 R
WEEH (pH 8.5) RV iz, TV HEA v ERFEREEIC
R L (25mg/ml), HEHWE Lize ZD0.5mUlst L
CEEEERO.5mIZNZ, 40CHDTF— % —/NAHFTRIE
g7, 304721, 5% ) 7 O OFEEE 4 miE A TR
5% ik, FEICRSMOEE 2Lk S, &O0H

(10,000rpm X 10min) A DL EEHA %0.5mHL Y, 0.5N
KEELF b AVEHR0.5SmiE A T2e B AT S iz
WEEERICHRE SN T VBREOREY, SBERIC
X YE L 720 440nm 12 B1F BIEIEE % 3043R120.0014
mEEDH L) REET 1unit & L7,

2.5 REEROEROBKRE

2.5.1 EEBEO%RE
EHEREEDEE Anabaena cylindrica DER%EZ, 4% F
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FYVEEEEF kU v A (SDS) & E20mM k) X IR
iBENE (pH 8.5) B L, 100C, 304 M inzkiLe %
Tolze BRI THRGHLLDL, SDS #KBHIT,
BARZREBOBA & Y KICEH L, EL58E (8,000rpm
X5min) 12X D LBE BB YELL, 6EO%
BREODL, 20mM Y X/ IEEEEE R (pH 8.5) I
HEBL, 2HEE L, 730nm ICBIFHBEL LSHEL
FeFBEBIWE 1 mAF LT, 3B %0.05minz, 30CTH
LA, 730nm (2B 5 EEOMEBEL T HIE L.

2.5.2 EFREHLUCES pH OHKE
HHBEEROEEEED L UB#EpHIC O W THE L
7oo EBpHDMWE 21, LT OBERR % H\/, pH
4.0~6.0122WTIX20mM 7 T~ EERE & %, pH 6.0~
75122V TiF10mM V) v BREE R %, pH 7.5~8.51ZD
WTIE20mM b R IEREEREEE %, pH 8.58 L UM9.012
DWTIE20mM 2-7 3/ -2-A2AF)V-1,3-FaxNr IV F—
WV /SRR & %, pH 9.08 X U510.012 2\ T id20mM
7Y v KRBT MY Y AR ER %, pH 10.0~12.01C
DV YEEZF MUY AKEELT M) Y ARRETR R
FNENRA W, 7uF7 — PR, RoBFECLY
e L7z,

2.5.3 7OF7—EESHOMEOES
HRBEREROEEICRITT o T 7 —PHER O R
IZoWTHET Lz, EAE LTI, =F 1LY T73I VM
BEEE (EDTA), S0 b7 2oV AF LAV T5 =)V
(PMSF), TYF/84 v, RFAYF v, 0 RTF,
BIU7+27353IFrEHVE, 757 —EiERIE
AR OFFHIC & Y HlE L7z,

3 R
3.1 FO77—HOmBH

3.1.1 Q-Sepharose Fast Flow &1 F > F#qoO< b5
Z74—

TRE RN 2 DFEHT DV T Q-Sepharose Fast Flow &4
FYEMIUT N T T4 — T2 A, EHIERE
EHSTIZRBO bz, FMEG2ED, RO% 5 L7 0< h
777 4 =Wz,

3.1.2 Mono SBBA ATy OT IS T 14—
(1HE)

RE

Mono S A # v X#ru~ 2574 — (1HE) @
MR %EFig 118 T, 707 7 — ¥ Mono S 1 5 A%
EFL, Bbr ) v aREE LTIk s THEH L,
U7 T —EEEE A RO - 7 IZ5 PN TED LN,
AL b U7 AREE0.044M B X 1UM0.068M Dl 53 A58 b
EVWIEME LR L7ze HIbT b U w7 4780.032M~0.108M
DHPFADOHEHE S 2 LD, ROISL2r0= b TF7 4 —
IZHWz,

3.1.3 Phenyl-Superose /N1 FO74+—Evy 7707k
J574—

Phenyl-Superose N FO 74 —¥Yyv s 7u< 73
TA—DFERE Fig. 2 IR T 7077 =¥k h 5 AICK
#L, W7V ES Y AREL TS EABICIFLY Y
Va—VigE* FIFAZ 12X s THER L, TO5FT7 —
EEEIZAERDO =7 1IZ5 PN TR D SN, RERT ~
EZ Y ARED0.72M~0.82M DES A, & b5\ iEt
ZRL7o COMBRED, XOHSLr0< 75
74—V,

3.1.4 MonoSBAA4F@I/OYMNIST 41—
(2mBE)

Mono SGA 4 »Z#ru~v + 574 — (2HE) @
WR%E Fig. 31078 Y, 7057 —¥idh 7 4I10%kEL,
BT MUY 2BEY FITAZ LIl ks THEHR LT, 71
77— EIEHEEIEIE T b)Y A3EEE0.03M B X 00.064M
ZHRLE LIz 2RO -7 1250z, LD EEOE D 5
723k MU AJREE0.024M~0.036M o & FH O 43 %
£, BHALBICLVBELLZDDL, ROFVAEEFF -
72

3.1.5 Superose 6 5 I35

Superose 6 1 7 L2 L BTNV AHBOER % Fig. 4 IR
Fo 280nm IZBIFBEKEB LU T uT 7 —EHEMEE,
HICHEHEEL.mOBEFIIBNT, B—DE¥ -2 L L
TROLNT=Z s, FEIET L2b0 LHE L7,
BROLEREIIBIT 5 IEED LR LUK % Table 2 IR
To BoNBETOF 7 —Eid, BELERE L EL
THEEDB6EIC LR L, F2NFEIEL.0%TH o7z, [
ST CTRDIGTEY—T— 5 YNV BEOEREEDND,
o7 FT—EDOGFEEZRDILEI A, #32,000T
& o 72 (Fig. 5)0
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Fig. 1. Ion exchange chromatograph profile of active fraction from Q Sepharose
FF on Mono S, eluted with linear gradient of 0-0.2M NaCl in 5mM citrate buf-
fer containing 5% glycerol (pH 5.0). Optical density at 280 nm, protease activ-
ity, and NaCl concentration are shown as ( ), (& @), and
(mmmmme-- ), respectively.
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Fig. 2. Hydrophobic chromatograph profile of active fraction from Mono S on
Phenyl-Superose, eluted with linear gradient of 1.2-0M ammonium sulfate ((}T
10% ethylene glycol) in 5mM citrate buffer (pH 5.0). Optical density at 280
nm, protease activity, and ammonium sulfate (ethylene glycol) concentration

are shown as (———), (@—@®), and (---------- ), respectively.
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Fig. 3. Ion exchange chromatograph profile of active fraction from Phenyl-Super-
ose on Mono S, eluted with linear gradient of 0-0.1M NaCl in 5mM citrate buf-
fer containing 5% glycerol (pH 5.0). Optical density at 280 nm, protease activ-

ity, and NaCl concentration are shown as ( —— ), (@——=@), and
(3-----+---), respectively.
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Fig. 4. Gel chromatograph profile of active fraction from Mono S on Superose 6,
eluted with 20mM citrate buffer containing 5% glycerol and 0.2M NaCl (pH
5.0). Optical density at 280 nm and protease activity are shown as
( ) and (@ @), respectively.
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Table 2.
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Purification chart of protease from the culture fluid of Lysobacter sp. LB-1

Purification step Total Total Total Specific Purification Recovery
volume protein activity activity factor
(md) (mg) (units)  (units/mg protein) (fold) (%)
Culture fluid 5,000 4,500 6.0Xx10° 1.3x10° 1 100
Salting-out (ammonium sulfate) 74 260 5.0x10° 2.0x10* 15 84
Q Sepharose Fast Flow 65 75 3.1x10° 4.1x10* 32 52
Mono S (first) 48 59 2.1x10° 3.6x10* 28 35
Phenyl Superose 24 24 9.1X10° 3.8x10* 29 15
Mono S (second) 4 5.5 2.4x10° 4.4x10* 34 4.0
Superose 6 8 5.1  2.4X10° 4,7X10* 36 4.0
T T T T L] ¥ i R
20F Column : Superosei6 HR10/30 7
~ Buffer: 20mM Citrate buffer+5% Glycerol
+0.2M NaCl (pH5.0)
O_ Cytochrome C Flow rate: 0.2m/ /a min
o~ 19- ]
& O_ Myoglobin (Horse)
[
= \
5 .
; 18F O_ Chymotrypsinogen A b
o \
.S
.5 ®_1LB-1 Protease A
17¢ T
O~ _Ovalbumin
Bovin Serum
164 © Albumin 4
1 1 1 1 - ] i i) L]
1 2 3 4 5 6 7 8 910
4
Molecular Weight (X109

Fig. 5. Estimation of molecular weight of purified enzyme.

3.1.6 E|FZEH

FIBEZEOREELEIO LD, RYTZYNVTIF
TNVERIKE AT - 74 R % Fig. 6 I27R T, Rf{E0.061)
MICE—DONY FERBD BNz, T, MEEE% LBl
protease A L {RFRT 5,

3.2 BEIOF7—EDOHR

3.2.1 BEEEO%RE

LB-1 protease A DSEEDFRICHE T 50 E ) R
P %7, SDS T THE BN L7 Ancbaena
cylindrica B2 EE L L THEREZNEL-EER
Fig. 7 127" ¥ LB-1 protease A Z @M L 2% & 12,
730nm (2B 1T HWIEEFWMRMOGFE L 0 51205 B
0.35WA L7z &b, MBERSEEAREELAT S
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Fig. 6. Polyacrylamide gel electrophoresis of

purified enzyme.
Lane 1 and 2: 2 4/, Lane 3 and 4: 5 4/ Lane
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LB-1 protease A 1233 % 707 7 — LHER DOFRIC
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Fig. 7. Algal-lytic activity of purified enzyme against SDS boiled cell of Anabaena

cylindrica.
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Fig. 8. Effects of temperature and pH. (A): Effect of temperature on the enzyme activity
of purified enzyme. (B): Effect of pH on the enzyme activity of purified enzyme.

Table 3.

purified enzyme

Effect of inhibitors on the activity of

Inhibitor Concentration  Relative activity
(%)
None 100
EDTA*! 5mM 94
PMSF*? 5mM 32
Antipain 2 pg/mli 76
Pepstatin 2 pg/ml 101
Leupeptin 2 pg/ml 102
Phosphoramidon 2 pxg/m! 113

*1. Ethylenediaminetetraacetic acid.
*2 . Phenylmethylsulfonyl fluoride.

CCHFEL RV W) BESR STV

4 £ =

ARG IS, EHAERAE Lysobacter sp. LB-1 B
EERERICHEB L7277 —EIZDWT, Q-Sepharose
Fast Flow & + Y &#ru~ b5 57 14—, Mono S
4+ vy a~w b 574— (1HHE), Phenyl-Super-
ose N{ Fa7x—¥yZr77u<hrsJ74—, MonoS
BAA RH|ru~w b s 74— (2HE) B Se-
perose 6 7V A BDNEIKEEIRIELAT 2\, BERIKEIHIIZ
BNy FERTETHE L, BRI TOTT7 -
+ (LB-1 protease A) i¥ SDS - CHEPME L /- &
DEELZBRTHEREZETHIE,S, FROEEEE
BICHS TR THHLEEZ DN,

LB-1 protease A DETOHIRE AR, E@pHIC
DWT, BOTT VA Y AITEEDSE & ) BEHRD
57z (Fig. 8) BEEMBME I —ICT VA JHOREE
9, LB-1 #at
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BEESN-EENEN T, BESTIV -2 %2R THE
HCiE pH2S8LL E, BRICIZIOMNE Z CETHEATDH S
Zepn™, ZOMBIEMIEOLET 5T L HER T
FROLDEEZLND,

Lysobacter B OB MEAT 5 BEERFBERICOVWTIE
INFTHENF L ENTW LW, MEBRERICONT
FW L OPDEHEDN L ENT W5, Ensign and Wolte™™®
1%, Lysobacter enzymogenes AL-1 #k% 1 %R T2 %
UM PHT7.0) THEETLE, 2BEOLBNKS
FOTUT T —EEELERICROLNL Z L eHEL
72o CORHERIE, BALESIC L BIEN, WEIEN,
CM cellulose 3 & UF DEAE cellulose # 5 A7 0~< b7 5
T4 —DBIEICK DIER I NIz, FEEE (AL-1 protease)
X, 5F=28,700, fERAZEBpH9.00tE ) »y7a7 7 —¥
TdHo 720 Whitaker 5 17719
FL%HFI B, 01%7 Va0 — 285 CREEEL &
Tk (pH7.1) TEETL L, 1¥A VEBEEELAE
THTUTT —ErRELERFICEEINL I e @EL
720 Z N % Amberlite IR-45, IR-1208 X ¥ CG-507 1
TETTT ALY, a-BRE B-BRICSERER L.
o -BRIIHTFEL,00LY ¥ TuT T —ET, HEA
YT AEBE pH I38.5Th o700 T2, B ERLIHT
£19,000nt ) vy Fa7FT7—E¥ThHo7

LB-1 protease A X, AL-1 protease 3 X UF Lysobacter
enzymogenes @ -, PB-BEFRELFE LYy Fur7—ET
HY, BEpHIIWITNOAT VA VEANICH S L) HED
FEARO b NIz, —F, FEBREIEETS L, LB-
1BRIE 7T AME Td B Escherichia coli # IEIET & 7%
WO RO 2 B E F6E LTV s, THRATERTE B
Micrococcus lysodeiktics % VST & 2\ 3), Tabbl) s
F— AEER IR VWETRELR Tz, 2D ERD,
LB-1 protease A 1%, b LIZRLLERABEZREDD
DLEZ bNb, LB HOEERRIEG B C, %
REEZERT 2EEL BB TH05, TOMOEE, #&
BB L UHME IOV CHERTE R VERER LTS,
DL RRCEEFREER, BEBROELEREECE
FBMEICHRT AL IELONL I WD, 4BERONE
RIZOWTEHIIHRHT 2 LENH B LBbNRS,

AR THE, BROZERICBL T T 7 —EiFHE
BEOWSIDPNIZN, BHEEOEVES ZEEF LT
BEE2HALT, LE LS, #5117 LB-1 protease A
DEREREEL, FELPF UL LBl ROEELE
SHABR L7y 7 — € L i L CEmERE e

1%, Lysobacter enzymogenes

RE

P& o Too SEBEZT DR o ZHGICS, BEED
BRICES 5707 7 —E0EE L TV A I REEAE V.
BWEMERIE, CHOBEBOBZROMFEEMIC L - THEN
Iitkbhb b LBBEINE, 4%, WOEGIZHFET
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