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Identification of MP-2 esterase-producing marine Bacillus and
study on properties of the esterase
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ABSTRACT A novel marine esterase-producing bacteria isolated from the Bohai Sea sedi-
ment was identified as Bacillus licheni formis. The MP-2 esterase was primarily purified and
characterized. The optimal range of temperature of the esterase was 50~70 “C, and the maxi-
mum activity was achieved at 60 °C and pH10.0. The esterase was alkaline and its optimum
range of pH was narrow. The thermal stability of the esterase was good. Co?',Litions were
found to activate the esterase, but Ca** had no significant effects on the activity of the esterase.
While SDS, EDTA and Tween-20 had significantly suppressive effects on the esterase. It

showed strong resistance to ordinary organic solvents. The enzyme exhibited different esterase
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activities towards substrates with different length of carbon chains.
KEY WORDS Marine Bacillus licheni formis Esterase Identification Characteristics

L e B (Esterase, EC3. 1. 1. D J& F K % B8 (Hydrolases) , R T HUE Y , 2 45 8B 5 A 1L K A SR PR R
BB A B B B FR , XUFR 3R PR ik /K ## B8 (Carboxylaster-Hydrolases) . AV BRME N EEZ N T AL EESR, | 2
AFEL ATMERETL FHEEEALTMEINEG BRI LGREB  1984; Mentlien ez al. 1984 ),
SR BRAS I Y o A 0 B 8 R R T R T PR BB 2, N R TE BRI Z BIAR KR . RIS REAFHHRERE
MAYRERBESIEAMNPVENR. B TEFEFELFGOERE. BEEBEYBSMEEMAEYEMHIL, BAE
R R B AR EE AN I RT R . I BLAMTT R 1B A T A W% 5 Bl o %4 R 4804 ) DNA J7 51 i I & A Lk
B, BRUEBTRE . ERNEESLXMHEB (Gloria et al.  2002; HEES 2002; Kurtzman et al.
1997) . ZASCHRIE T — F 57 B0 v R B8 00 7 5 T8 R A 26 58 SR 4 B 1 R O B 5, S VB P R B D Ak A 7=
PFBELE T RAFHER .

1 #efmE=z

1.1 ##

111 #ARBHA

BRI B B e UK .

WIS A 1%, NaCl 0.5% . 4B 1%, EAMK 1%,3008 2%, =T B H M 0.25%,pH 7.8,
121 °C 30 min R /E & B E AL/ B &H .

KB HRE.EAENO0.9 Y% ;EHK 2.29 % 5 (NH),S0,0.2 % ;KH,P0,0.1 %;K,HPO,0.1 % ;Mg-
SO, 0.05 % ;Tween80 0.8 % ;464w 0.8 %; pH 7.0,
1.1.2 &K f LB

o 5 = R AE HE B8 BE ( p-Nitrophenyl palmitate, p-NPP, Amresco) i B F# 4 T (3 E BBDPCR § ¥ 4#8¢
A FR% B Marker, W B £ T8 CR#E) A Rl ; TS100-F #AH 2 B #48 (H & NIKON 2 #]) .RoboCy-
cler96 FLBS B PCR { (£ E STRATAGENE /A ) .5943-05 BB EFit.752 B A6 4 66 B i (LT
e IS NN

1.2 Z|BHZE

1.2.1 BsdseyE & (Lowry etal. 1951)

PA4E 43 b 4 X R R AR N PR BE BB B 1 ol X A5 2 B} (p-Nitrophenol) SRR HBERE XA 1 MEE S
B0, U U RN, EHREENMERM Lowry 35 (Yang etal.  1987),

1.2.2 B FAHSELFANERZ 16Sr DNA FFRIE 5 04

FESE(ARRAELEFMENBOIE #F 199, L EBFHB(ELAERAELEFMICR
FEHE 2001 BA AW ¥ELE ) John et al. 199047,

DNA K5 B4 R R IR R K IE JG W 5 7 B I R B R 1 i T R T P R . REER)
BRFERER, THAXERM 16S (DNA BHFF, Stk MP-2 —i&2 A Clustal X B4 247 IL fic (Align-
ment) (Saitou ez al. 1987), ] Neighbor-Joining 43 ¥7 7 EE# T r F RS ¥4, MEGAS. 1l SRR RS
#(Thompson et al. 1994),

1.2.3 HE#k MP-2 B5B5 69 AL B R R

KEBEWZ 4 000 r/min,4 CEL 30 min RREERERETHAETY, EL%?&*M/\”E‘J%K&@

1L, B, B BRSEFE 4 'CTF 4 000 r/min .0 20 min BREJBEA K EHRGET S 2EGEY. I
XTEJE?‘TU‘F@% M BT 5 .
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(DERMEEERRE 78 4~100 "CTF SHATHSREK AR5 7 W52

(M EE/ER pH  7£ 2. 5~12[0. 1 mol/L Na, HPO,-#7# 8 (pH 2. 5~8),0. 1 mol/L H4& & -NaOH
S ik (pH 8~12) 19 il BE B 5 1 .

(BB ENE BEEE T 0.1 mol/L pH10 i NaOH-HE MM E B+, E T AFRBRE4~T70
C)TF L EEAKBLTE 2 h, 8/ 20 min B, REE I, W E HRARHE .,

(OBEMK pHRRENE BEFE T 0.1 mol/L AR pH C~12)KWEHE+, BT 4 CT.RE 48 h /)5, H
¥ BBV A [ B B 3E pH10, LAEE M pHI10 TR IB A8 B BEIE J1 28 100%, A& BRI R BEE S 098 4450

GO EBBF FRF R IE R 75 E AR o AL R &R B F AR R %R BE A4k 20
5 L4 0.1 mol/L pH10 i) NaOH—-H &R A S v fEXT BB IR T8 & 30 min, F 60 C Il @ BEEHIE .

(OBEMARIBENPHEEE BMBETANBN EFERTRNE 4 hLSJEFHELZKREZHEIER R
HEFE, UL 0.1 mol/L pHI10 iy NaOH-—H & B2 9 28 s ¥ oy Xif R .

(DERMX R FENTR BEBEATEAAARANBRERE SRNEAERRRNS XBENH
W=HEE, L p-NPP NEWHIEEIE N 100%, KA RBIABIE HNE 2%,

2 HR5H®

2.1 WTTRHIME

TR MP-2 (U B R OLE, 4B €, EEH, AEEF . ERRRER AEFR, 2R EEHE. X
K.
2.2 BESRYSME

HEERFIEFR EPEERK, EEF O HKEAEMETARAR BRERTHRET LIERY B, B%S
BY. ERAEHIETER EAERKERE, T2 RHHE.

2.3 RE . E eI

BBk MP-2 8878 10~50 CAK, BEAE KB 30 C;EE 0~9% NaCl FEFEFAK . BRFBELKITEERN
4;887 pHO~10 WA TARK , HEERBKRLE K, EFRRAGEFRE pHERAEKE, B W pH?. 0, ZEREE
KpH{ERTO,

2.4 HHEANEH
Btk MP-2 foE A fb g R L E 1,
2.5 BEBFIINE

MP-2 #) 16S rDNA FH| 4~ 1 417 bp,7E GenBank BJF M58 EF513255,

B H 5 M GenBank SF¥0HE B2 8 & B F AT BB A CE#R Y 16 S tDNA JFHIH#AT L3R . HF UL Sul fobacil-
lus thermosulfidooxidans A B, T BEM ESEHAW WE 1, @EiT 1 000 KEBEHA BT E H Bootstrap {H
(B .

MNE 1T HEHNAGEXERNTUBABSESL, B#k MP2 548 -1 AR KRB K FRITH
B. licheni formis J& i, — M ) 533,16 S rDNA FHI RIS R 1k 970 . &4 X 5HMWILMERFEER
B— 8, AP Bk MP-2 5 B. licheni formis, B. subtilis BRI IEMEST 510 96. 3% F 95. 0% , R B X RKIE. H
BaRERERIANY 16S rIRNA FHRIEEE T 97%,. T LHAKNRBRKREIF KT 93% ~95% M F fE K
BAPR (Vandamme ez al.  1996), I HZEK SHKFATENOESHFE EFRFLE A BEMBERA
BREFHSKBHEMER A HRE S H MBI EEXT R, Bk, AT &k MP-2 2 R K FRTHE.



86 # o B o B ) 30 %

£1 WHMP2 S5HRFRANRBBEOLLR

Table 1 Comparison of phenotypic characteristics between strains MP-2 and Bacillus licheni formis

1E Characteristics AKX F KB Bacillus licheni formis MP-2

Bk X/ (um) Thalline size (mm) €0.5~0.9) X (2~3) (0. 3~0. 8) X(2~3)
B2 KUY Gram staining v +
13§ % K Sporangium intumescence — ) _
FHEBEAE Spore arch-localization th 4 Mesogenous 1 Mesogenous
FHFPAR Spore shape W R RAER Ellipse or stylolitic B Ellipse
#7 5 4% Crystalline Inclusion - _
% Flagellum Bl Peritrichous JA 4 Peritrichous
E B Motility +
RE 4K Anaerobic growth
# kRS Catalase
H{LB§ Oxidase
V-P
B L L Nitrate recovery
BRI A Citrate utilization
H,S /=4 Production of H,S
93|k %= 4= Production of indole
K% . JEB Hydrolysis: starch

BA B Gelatin
728 . D-%j &3 Production of acid; D-glucose
D-F[HL {1 ¥ D-arabinose
D-H #® D-mannitol
D-A ¥ D-xylose
HEBE=X Gas of glucose (—
H 1 : 5C Gowth: 5C

50C

2% NaCl

5% NaCl
7%NaCl

pH5.5
pH7.0
pH10.0 ND

.+ 9026 ~100 % B BRI BAYE; — 2 90% ~ 100 % My Bk 9 Btk s d b 1120 ~89 o BB Bk B PR ¥ s v S ZE— D B BRI # R R %52 s ND 2%
AW E

I+ + + o+ + +
b+ + 4+ +

O
I+ + 1 ++ 9|

| ++ +

_+.
+ 4+ ++ ++

Bacillus sphaericus DSM 28T(AJ310084)
Jeotgalibacillus alimentarius JCM 10872T(AY211114)
Bacillus horikoshii DSM 8719T(AB043865)

Bacillus gelatini LMG 21880 T(4J551329)

Bacillus lentus NCIMB 8773T(AB021189)

Bacillus subtilis NCFB 17697(X60646)

MP-2

96 Bacillus licheniformis ATCC14580T (EF059752)
[——~—— Marinibacillus marinus ATCC 298417 (4B021190)

Virgibacillus pantothenticus NCFB 1765T(D16275)
\_(__E Halobacillus halophilus NCIMB 2269T (X62174)
Amphibacillus xylanus JCM 7361T (D82065)
Bacillus pseudofirmus DSM 8715T (X76439)
Bacillus clausii DSM 8716T (X76440)
Bacillus pseudaicaliphilus DSM 8725 (X76449)
Geobacillus h philus DSM 22T (X60640)
Bacillus horti JCM 99437 (D87035)
Brevibacillus brevis NCIMB 9372T (D78457)
— Thermobacillus xylanilyticus CNCM 1-1017T (AJ005795)
83— Paenibacillus polymyxa NCFB 1T74T (X60632)
Alicyclobacillus acidocaldarius DSM 446T (X60742)
Sulfobacillus ther lfidoxidans DSM 9293T (4B089844)

B1 Bk MP-2 RH M GenBank SHIEERHEMNHEXEFHHWENLL 16 SDNA FRIARBNRAERTRIRX R
Fig.1 Phylogenetic dendrogram constructed showing the phylogenetic relationships among strain
MP-2 and other related strains downloaded from GenBank and EMBL etc
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2.6 Btk MP-2 ESERI VT 4L

Btk MP-2 BEBE W S ok 5 B B R M BER IS 17 794.4 U/g, EH R E R 0.858 3 g/g, LT\ N
20732.14 U/g, BiERE T 6. 28 £F.

2.7 B MP-2 EEER RO 4L AR X

2.7.] EEBREERARE

PEEEETE 60 °C A WG IE HE B , 78 50~70 ‘CZ [AIAA X B 15 R 5 7E 80X 2 M, & F 70 ‘CHAXF 50 CHf W
ISR THEH.E 4 CM 100 CrRMAX S REERFAE 25%. kol &, B 8 5 & 1 B R B Bl 50~
70 C,7E 60 CRAH TERIEM, B T HAE.
2.7.2 EEBREAM pH

% pH K 10 W BEAI X 35 2 R B, S A0 BOE 1R A pHL{E Y pH O 2. 5~9 BY B 15 RABBZ4ER7E 700 LU
FToOARFEFREEH T pH E5EMNMRBETIE-RKYRBE- KNP YO EBER L ETL, FBE
HEEBEATYAE, REEHS, KMEAFRK pH AAERBIEE SR BEEEBRRENES S, UK
B pH ZE4b X ER R B 15 8 RSB M VE A (0646 2001,
2.7.3 EEBEHRARTH

HE 2, ZEREEKBAE 1 h 6, BB 4~40 CEEIEREARIF 70% UL E,50~60 CEE iGN RB#E I
60%,fEIR/KEALER 2 h, BERETE 4~60 CHEHEMEELAER 400 L RA XM AA RIFHRREHE.
2.7.4 EsBsdg pHARZ M

BB T 4 CT {718 48 h j5,7E pH 2~9 % RAERTF 30X AT, Wi pH10 BEH4ERE7E 700 L L,
FH7E pHI0 ZMERRERE THIES.
2.7.5 2B TNEBEERENYA

B 3 AT Co®t \Lit Xt B A BIE/E A, Ca¥ ST BRI A B & m, 1 Cu® (Pb* (Ag’ .Mn®" |
Zn*" (Fe*t \Ba®* #l Mg Xt BEBE (0I5 A B E . M BEBREE R Thermotaga neaplitana £ Co’ ¥ B FF#1E
TFHBEE, L Zn? Y Mo " EE T EFME,Co’ " F R B ZBMMRBEEGETHES  2004),

3
@ —a—4T +50°C § 140
g —e— 257 —4-60C T
g100 ——37C ——70C 2 1207
g 80 & 1004
® 60] o 80]
#2017 g
& o~ 20
& 0] g o
= 0 20 40 60 80 100 120 = H20 Co2+ Lit G2+ Cu2+ M2+ Bad+ P2+ Zn2+ Mg2+ Ag+
B} (B Time (min) Metalions(0.01M)
K2 MEoHRerE B3 £BEE T EREENEmE
Fig. 2 Thermal stability of esterase Fig. 3 Effect of metal ions on esterase activity

2.7.6 ALFRA BB R

B & 4 7 %1,SDS,EDTA, JE B F R ETE N Tween_20 BB MM NE B E . sk, HEERHE B H M
A 10 mmol/L ) EDTA B, BEEE 0 15 Mgt 040 2 4. 01%, L AT DL BB B P O TRES A SR B F.
2 BESH EDTA i BB BRBE R A I HIVER . EDTA Xt Pyrococcus abyssi T P H 5% B8 BE B A 8258 A9
SIVER MR E ML B, ELBESH EDTA WIER T, 8BS LR DR  HK 2FH0AT B 0 1 B iR g
B7E EDTA {EFJE, REMTE, IEHEAIN AL B E F AR K 15 J1 (Spencer ezal.  1981),
2.7.7 BEBEAEFAZER P TN

ME S AL, RANBRPRT P RETREHEMEY RN MP-2 WEEOMEERBES, KMF
PLIEFI X BIE L L, Kb F O X B B/ . LB ¥ WA NWBRNEA RFHWE S .
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k. % iR #Chemical reagent # BL¥ #Organic solvent
B4 b2l X R B S 7 B R e K5 mEERLERAFRREH®
Fig. 4 Effect of chemical reagents on esterase activity Fig.5 Effect of organic solvents on esterase activity
2.7.8 EEBNARGLEBHOFR
XY PR R ER AR A — N E A B 2 5T (Chen ®2 EEMEWNEEE
et al 1997 Plow et al 1996) XTJ'Z: Iﬁ] E}%E—Tﬂﬁ H@% Table 2 Substrate specificity of esterase towards

various simple triglycerides

o3 T K S I A B, 2 T T ) K AR Y 0 RS W0 o i Tl TR

JEY Substrate HXTIE elative activi %
BB TG ) T W, SR MBI S B ppe SR
Mo S TR M L L AT R B, Ay SMREW Trecein C, 66.5
66.5% ., 45.8 %A 56. 9% AN KRB BRI BRII porp moat oo o

18 B = WM H MBR AN . PR A BN RFIBIRD;  TrbuorinCo 4.2
Bl () AR A 2 — KRR O M AL TR ) G, R A TrleinCien °
e 0 1 T, 15 A R AT R 40 1 22 S (3 ),

b5 LT MR PEATEE MP-2 R I B bR 24 S M M A S HOAT B, 2 — T AR P B, T B M BB 1 0
B, TR BT BRSO AT B P LA RS FIRT 5, B — 25 TF40 T IR VIR O AL,
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