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the sediments of Bohai Sea and expand our knowledge on lipase-producing bacteria. Through
screening efficient lipase production strains to expanding the marine lipase-producing microorganism
resources. [Methods] The lipase-producing bacteria were isolated by using tween-80 plate and
tributyrin plate from 8 sediment samples of the Bohai Sea. The diversity of these bacteria was
evaluated through phylogenetic analyses based on 16S rRNA gene sequences. Using the
p-nitrophenol method to detect extracellular lipase activity and select high lipase producing strains.
[Results] A total of 51 lipase-producing strains were isolated from 8 sediment samples. The isolates
were classified into 8 genera of three phyla including Bacteroidetes, Proteobacteria, and Firmicutes,
with Pseudoalteromonas (35.2%), Marinobacter (23.5%) and Sulfitobacter (17.6%) as the dominant.
Enzyme activity test showed that all the strains were able to secrete lipase, and a lipase-producing
strain Marinobacter sp. 70623 possesses the highest lipase activity of 42.4 U/mL. [Conclusion] The
cultivable lipase-producing bacteria isolated from the sediment of Bohai Sea are abundant with
Pseudoalteromonas, Marinobacter and Sulfitobacter bacteria as the dominant groups, all the tested
strains possess lipase activity, and the highest lipase activity producing strain Marinobacter sp.

2017, Vol.44, No.7

70623 was obtained in this study.
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Figure 1  Geographic location of sampled sediment
stations in Bohai Sea
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Table 1 Characteristics of the sampling stations

- i&iﬁéléﬁ VR I
Station Statl(()g’lglc)atlon Depth (m) Temgzz)itme pH
BH25 117.95°, 38.95° 8.10 22.18 8.19
BH12 117.95°, 38.55° 9.90 21.62 8.17
BHS 118.55°, 38.35° 14.80 19.91 8.09
N4 120.83°, 39.21° 36.00 10.66 7.92
R6 120.63°, 38.23° 25.00 16.83 7.98
P2 119.49°, 37.96° 15.00 19.66 8.07
PLB1 120.15°, 38.36° 15.00 17.12 7.98
E6 121.50°, 37.70° 18.00 19.50 8.05
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Figure 2 Relative percentage abundances of the phylogenetic groups of cultivable lipase-producing bacteria recovered from
sediment samples of Bohai Sea
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Figure 3 Neighbor-Joining tree of the lipase-producing bacteria isolated from eight sampled sediment stations in the Bohai

Sea based on their 16S rRNA gene sequences

T MR ASCRE LR BRI RE K PR R S 0 TG SN REER B M A BT o8 BRI (>50%); FrRATR 100

METRPA 5 Dok,

Note: The boldfaced strains are lipase-producing bacteria isolated in this study; The accession number is shown in parenthesis; Numbers at
the branch points indicated the bootstrap values (>50%); The scale bar cooresponds to 0.05 substitution per nucleotide position.
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BEHE = F AR s Marinobacter J& IR TE 70604 .
70623 FYRBEE 43504 37.23 U/mL 1 42.4 U/mL,
JIT A i 3 380 149 7 I 7 T 200 AT+ 8 1 65 v A e e
MUBIRR . FOB R A RARIES AR A, RS (B
f&F 10 U/mL, H:HAr, Staphylococcus J& W20 1 FEHS
A, FAREHEEN 2.6 U/mL,
2.5 FRERFEBAREIAYILIE B

BRI R AR AE 2216 B3 HoPAl 2 stifb 5

PFEIBRTRVE , PRTAVR SR Z kI -808% R HTAR
6 d JE AR BB AR DTG TCUE e, Ul BH B RE S
IR T T o3t 1 i -80 , TTLUE Rk I 150 FH il 7 RE
A, IR T AR A TUTE R AR R TR AR K
/N, B HEPIOGEE 2).

TR R R E-80 B3, R &Lk
ST EIEY 51 IR R R AE - 80 P-4k L™
AEUTTE R, E BT 18 3] 6 TR R 2 16 1) R 7 X
R-80 M)/ RRE SIS AHIR], AR 2 LI, A 18 1k
AR I-80 B MR RE SR, JL PICAIRT 2, ixsk
TEAR T2 Bacillus . Sulfitobacter . Photobacterium .
Salegentibacter . Staphylococcus J&; ZREHXTI
i -80 HAT BRI IR RE ST, T PIC KT 2, IXLE4
W EEJE T Pseudoalteromonas F Marinobacter iX
WA &, HoH Pseudoalteromonas J& ) 70210 Xt
Ti-80 /- RE e, L PIC F R, T 5.8,
2.6 FRERAEELAE AKX AEE

FERG I B AR TE 2216E 53 R Rl alifk 5
RBRTATE, BT A2 = T IR H M ER R R 5T
M, 3 d JEWEE| B RS Dl K A R, Ul B TR
STILEIRE DT T = T R HMER, KA R R
A it ik i B o 00 BT A TR P A K A P LA R
VEEARRN, IR UEEIO)(R 2). £k
SRR 51 MR RRNT B AN P YRR AE = T B T MBS
et bR R, URRA L AT R T R H e
MIRE ST o [RIRE,  FIriiie 1 0% TR 43U 14 g I Tl X =
TR HIMER A S BE AR AH R . 2R =T
B2 MR R 1%, H HIC LT 2, iXSET
YR FEYJR T Pseudoalteromonas . Photobacterium .
Sulfitobacter . Bacillus 1 Salegentibacter J&, 4 10 ¥k
HpET = T R H M ER R e 8 m , H HIC KT
2, X FEEJRT Marinobacter J&, 'VEUMTF
Sulfitobacter . Bacillus Fl
Salegentibacter J&, H:H Marinobacter J&H) 70623
XF =T R IR B A e R, L HIC R, R
2.67; Bacillus J&H) 70212 X = T R H MR Y 4t
R SidRca, H H/C oK, Hh3.25,

Pseudoalteromonas .
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Table 2 Analysis of the extracellular lipases produced by strains screened from the Bohai Sea sediments

| & itk B Wt DU EA/HTE KA AT
Phylum Genus Strain ~ Accession number  Enzyme activity (U/mL) EH% PIC H#% HIC

Proteobacteria Pseudoalteromonas 70203 KY244044 5.35 3.14 2.00
70206 KY244046 5.47 3.37 1.19

70207 KY244047 7.05 3.38 1.60

70210 KY244050 12.01 5.80 1.67

70211 KY244051 8.60 2.67 2.00

70213 KY244053 10.33 4.60 1.67

70214 KY244054 12.54 3.56 1.43

70600 KY244055 20.91 2.70 1.59

70605 KY244059 11.08 2.8 1.71

70606 KY244060 11.65 2.56 1.57

70607 KY272021 10.98 2.40 2.80

70612 KY272025 20.29 3.57 1.17

70621 KY272034 21.93 3.88 1.43

70631 KY272037 13.02 2.78 1.29

70632 KY272038 14.04 3.50 1.57

70639 KY272043 10.67 2.36 1.83

70643 KY272047 21.88 3.63 2.40

70645 KY272049 17.03 3.13 2.50

Marinobacter 70209 KY?244049 5.83 4.14 1.43
70601 KY244056 11.50 2.80 1.27

70602 KY2440657 9.82 2.25 2.00

70604 KY244058 37.23 3.83 1.43

70608 KY272022 15.09 3.00 1.63

70610 KY272024 11.43 2.00 2.00

70623 KY272035 42.40 3.4 2.67

70637 KY272041 16.36 2.6 1.75

70638 KY272042 18.85 2.17 2.50

70640 KY272044 15.20 2.67 2.20

70644 KY272048 11.72 1.56 1.75

70648 KY272052 10.93 2.83 1.50

Sulfitobacter 70613 KY272026 3.40 1.43 2.00
70614 KY272027 6.09 1.40 2.40

70615 KY272028 3.45 1.88 2.00

70616 KY272029 3.46 1.50 1.38

(52%)
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70620 KY272033 3.50 1.86 1.25

70627 KY272036 3.46 1.38 1.67

70635 KY272040 3.44 2.00 2.50

70641 KY272045 3.41 2.00 1.67

70647 KY272051 3.82 1.14 1.56

Shewanella 70202 KY244043 6.53 2.29 1.33

Photobacterium 70609 KY272023 5.83 4.14 1.71

Firmicutes Bacillus 70201 KY244042 5.19 1.17 1.27

70204 KY244045 4.24 1.11 1.86

70208 KY244048 3.76 1.17 1.12

70212 KY244052 2.89 1.13 3.25

70617 KY272030 3.44 1.67 1.43

70618 KY272031 5.30 2.00 1.54

70646 KY272050 4.66 1.4 1.28

Staphylococcus 70619 KY272032 2.60 1.33 1.20

70634 KY272039 2.76 1.20 2.33

Bacteroidetes  Salegentibacter 70642 KY272046 6.72 1.33 1.67

T DUVE R BLAR VS EAR : 7 MR R L I -80 P10 Pl BT AR PO KA Pl ELAR T AR : 7 MR R — T R

TP A i P T A% EU (L

Note: P/C: The ratio of the precipitation zone diameter versus the colony diameter of a colony on tween 80 plate; H/C: The ratio of the
hydrolytic zone diameter versus the colony diameter of a colony on three butyric acid glyceride plate.

2.7 #EREk Marinobacter sp. EF10°'BUEESE

IR X i 5 2 3 R i 3 -80 ~F- Al 170 i P 12 A
SEA BB R Marinobacter sp. EF10° WIS
fEE e, 45 R, B E Marinobacter sp.
EF10° M3 -80 P-4 _F REMS 21 (1 (A v e, 45
HUTIE R B2 5 RvE BRI E PO 1.23, FIHIXS
AR 0 2 LS 4 6.04 U/mL, SASSC5 8
) 1) T R W X LG, FE AR Sy B B Y 6] — R
(Marinobacter);” Jg 5 T A &1 F) R I, AR T4 3C
Pseudoalteromonas J& W) V7 EAR 0 S UL A1,
XS AR SCHCA i # SR 57 g 117 Tt 1 T e T 0 e
AR, UERHA SN ST vh o3 B i e 3 i 7 g
JU7 TR R R BRI ARR RS e, X TR R IR )
JIE D5 il AT — i A SR
2.8 FRERGESEE 70623 EARIBESHTH
BgE

VAR HEA By B i R R (PNPP) N RS , K578

JIij B T8 Ak Marinobacter sp. 70623 i % & T
20-90 °C YR EERSEE, LA 10 °C M[alp@ilEEs , #hE
AN [ sz Ik B X RTEG J7 s, 25 R an &l 4 B,
FARE 70623 7E 20-60 °C A% T BERLEE 54 fin b T
BWER, 7E 60 °C KRG fe sy, e B AT
il 6 TR TR

45
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Figure 4 Effect of temperatures on enzyme activity of the
lipase-producing strain of 70623
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20 1 DR W T — 2 32 N T T A5 ) A
PotEAL ), HA SN INE . BREKfng)
ZAHAET S . M ABUE T, BT aiiE YR
U7 T P VS (RS L2, AR B P A AT ARAIR
BT DL AE Tolb F By A9 I8 7 i 8 Ok I8 T sk A=
PP e, KA 65 AFlERIRUEY AT L
PRAENR NG, CARANG . BERE . U A E
B 27 Al 0 R O T M b 2 7 o S
Rhizopus delemar. Aspergillus niger. Geotrichum
candidum . Candida rugosa F Chromabacterium
viscosum “FELEH . BEEERNANEA 1 & B AR A5
RS B E MR TR, B RUE B
Vi RS T B o R A ORI, 2R TERUE D)
UNANTR | R R R LA RE A% 7 A T

A SCHE R -80 PR SR, AN 8 N ENIRFIL
FRIRE St 07 12 1 51 A 7 I A Tl ok, 0 e 0
16S rRNA JEH M RGEKF /04T, 51 HRAIEm T 3 4
I"J4 8 1N , fL 4 Proteobacteria 1Y) Pseudoalteromonas .
Marinobacter . Sulfitobacter . Photobacterium .
Shewanella, Firmicutes #Y Bacillus . Staphylococcus ,
Bacteroidetes Y Hoh
Pseudoalteromonas (35.2%). Marinobacter (23.5%)
F Sulfitobacter (17.6%)E=MFEHE . 1A -80
SV T e VR P T R ik i IV 400 1% A U Tk R
iy, 7 VE T R DT TR R AR
1350 A5 FH 3 -80 38 4 1% 75 L MU 83 K 1Lk 1
i B 17 BRI EEA N, AT

Pseudomonas .

Salegentibacter

Duganella . Brevundimonas .

Chryseobacterium ., Arthrobacter 1 Rhodococcus 751>
JE M, A SO R 4 7 B RN T 1 A K-
Sta A, AT RE SR bl b R A 25 B R 25
M5, FETHESEEESRETYMNZ
FEVEANTR] o AR SC 358 3] 7 B 7 00 34 TR A = 202
Pseudoalteromonas # T 5 Zhang 55 Mg K- 4
i DXUR TR K R a3 S B 7 e I O S B R
Pseudoalteromonas M Alteromonas J&PHI®L, &

{I1#B )& F Gammaproteobacteria 41 . it if ,
Gammaproteobacteria J&=45 Fi il 3= 2 iy 7= A 1, [
W Ah TR A7 B9 BIF 5% 2 W] Proteobacteria , 4 %Il 72
Gammaproteobacteria 4f & /& V. g i #1 X F¥96 F 5
Aep L R MV AR b R A T
P, BB Pseudoalteromonas T R AR X B 5
o s, A T E R TR T PR
PEUS1932 S S BFSY ] T Pseudoalteromonas 77
FZRTR ) I AEE TR RIS . Zhang 5543
2 2| ) Shewanella . Marinobacter . Bacillus .
Staphylococcus 77 g 7 B2 1 7E A SCrh g 20 85
B, Ao 20 Sulfitobacter . Photobacterium .
Salegentibacter 7 Jg i 20 TR Z i A WARIE

WL R 8 AN [FIEURE SR, 0 S A
BH25. BHI12. BHS8. E6 (A5 Nig# ke
XPHE D, R BRI K B ity 57 T Il vl 1 3 R T
2 NI Bl 152 ) S A il g 26 5% JEL 1) Tl AR AS W
B AR A K TS ey S HE A i W TR, 15 AR
TIUEMIHEE GG, 5 AR PR 5
KAEEEFRL, EMEZREEREIRD, T e
Hdesl P2, PLBL Bisf, Hoor ey 21 A 4018 76 8 K
V- EZHMENER, XATRE IR S 2
P Y B BE B SR AR, ARG S AT
o) S W 5 /0 5 1 R W AR TR Y 2 AR TR
IRRITR . i B S IR 3 s (N4 . R6) 43 75 3]
HA G B Bl R Ak 22 Pseudoalteromonas M, 5
ZHTRIE 177 1 Pseudoalteromonas 4T HAT 358
(I ¥ AR 504

T 2 0 722 1) %) TR AK P L B D T 00
2L AGH 2380 Pseudoalteromonas F1 Marinobacter
J& A DA A IS AT, BRI (ELRE L T 10 U/mL,
AR IR -80 A A I TTUE e 5 1A 7 AR HUAEL
WK, H PIC KT 2; HE 6 MErymEk™4&
(At TS AR OIS, BB TS EARAIRT 10 U/mL, HAE
- 3 -80 PR 7 AR B TTUE R 5 TRV B LA A
XN, BRT Shewanella FEFR 70202 19 P/C 2y 2.29
Gh, HR PICB/INT 2, 3RWIT Pseudoalteromonas
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F1 Marinobacter 3&= 0 TUAR P T2 00 7 NR i it 4
W EJUAER, Aok B2 ST i B TR RS
oy EARRN Re TR AR, QNS SCE AR D A
TR 4 B 20 RR TG 2F FAT IR XZ18 e ™
fiFiE A 4.65 U/mLE"; BREKIESF M 2 000 40y
i DXV AU VR A i v 3 B AR AT — A4 LR U Tl
FEHIRK Yarrowia lipolytica bohaisea-9145, = HHG
ik25.6 U/mLP; E 4w 4 NSRRI se i
FE il (1v39-06-06-04-18H) 73 &5 i 8 £ M 4K - Bacillus
sp. 130 =g i HE v fe s , Hoh vk %) 42 U/mLPY,
A SCHi¥EE] A Marinobacter J& WM 70623 7= g
RS e, A% 42.4 U/mL, 7E 20-60 °C 4 /F
T AT ARG S P I R B I A O, i
BHRE R 60 °C, #fe oA iRIgNmG ™ LR, A
BT T RN A . E T — I 5T e >k A
F Bakir 257\ A+ FEH G KSR IR R AP e 3] 22 #k
REfE e Wi vk, b A — PR T PR g i
77 TR AR Anoxybacillus flavithermus HBB 134 [
FEHGRE S e o A R RRER i, BV 2
Ry, FEAHTE B S5 U E B RE Anoxybacillus
flavithermus HBB-134 7£ 30-80 °C AN [FVE T 11
I, GERATE], FERLEE 30-45 °C 4514 T iR (13
PGS B TR 45 °C B EHE e,
79.96 U/mg; 45 °C ZJ5 (G & HRFIK, 7E 60 °C
B A Rk 40.52 U/mg. 55 4R SCIfE 31 i ko™
RE Wi & Bk Marinobacter sp. 70623 FH L, ‘EA 1AL
R sSR2 HR IR D ™ A TR, AN ] SE PR Y
I A6 77 B IR BE AN 6], Anoxybacillus  flavithermus
HBB-134 1 ficidi 7= BHE Ry 45 °C, Marinobacter sp.
70623 e 7 BRRE 60 °Co MAh, PETE s
77T RN Y A o B L AN [\, Anoxybacillus
flavithermus HBB-134 1) f5 5 li% (79.96 U/mg)im T
Marinobacter sp. 70623 iz =l (42.4 U/mL), {H
TEW R 60 °C B, Anoxybacillus flavithermus
HBB-134 BIH§15(40.52 U/mg)iXF Marinobacter sp.
70623 HIMFE(42.4 U/mL), FUIRFEEIEM g
DB A MRAC - B BE A P22 5, (HENT R BERG

XL, BT AR A A3 o

ARSCR 3 FIT7 I E R 17, XA
3 325 000 R A 05 I T 7 A LK R 2 T A e 7R P
(PNPP) IR, (i k AL R 55 TG ) kAR S (8 )
BE, SRJFR A IO EEHEEATINGE o DIXHAHEEAR
B AR e, 2R Lk, ARG e
(ELFIARIE T 2R S B 2RI R RERS
R . S S e AR RS (L, R AR i
PR Ik, SR E SR I,
LR T I EIZS AR 2 . AR R . =T IR bR
KA A =T R Hh R o B, s RE S LA
S TRRHAINEARY) , 72 BAT 3 UANG i 1t 1 7% 14 S
T R W KRR, RIS /Y 207 AL
AT AT DL H WK iR B B4 A JC ok i 2 TR R
HANRWIBEGEYE, 7 (P, saemih] =T
HMBR SRR 2R 2 R0 2, RS A R o it
i -80 P A UL IE 1l 32 I 7 R A I 7 ) st L A
Ca” fEAEMZRIE TN, AR RERENS LANLIR-80 K iCH
TEELAT 4300 R U Tl TR 7% 1 R BT IR () Ca™ L
B OTTTERURL, DTS5 1E 7300 R AR U5 T T 7% A X
gy, IRFIERRCR o 1207 R AR R IEL-80 15 SR 5k
AN IR ANRE 20, AT LA S ATl ) 4 57
S, TERA BEO T SRR EIUE S
PO AR DT REE ], R AEEVE SN AR 1, A
REDNE MG 10/ I, HTEOLR, RNt
t-80 P A TCIE R T2 000 i B4 My ik 4545 D0 7 A s
Rt 3, -8 0-~F- M i CUE el i T T AR e 0 40
PEEESR , KA B U AT DA — 2 Ml i e
TR I, il BT A B X R S 2
W]« AR SO IR ORI Hh 73 18 5 2 ) P R P 1 o
PRGBS S AR, XTI AP A Y i
FIRHA —E MR

IR R . s SEE SRR ISR R AR
SHEIE THFERE YRR Z R MR AR
I A T B A R R A s e T 5,
REAS )™ Az HATMURRE5 A FIZH RE AR P 5T . A SO
ity 8 MNUURRYIEE KB E] S1 R IR TG4
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BT 3 IR 8 ANE, Hrh Pseudoalteromonas
(35.2%) . Marinobacter (23.5%) 1 Sulfitobacter
(17.6%) PSR AE, MR EER 1 Sulfitobacter
Photobacterium . Salegentibacter 1= g il 20 & M &
WHGE , XA R TS TR IR
BRI, W T AR E IR A S R g R
T ZAEVERIATRFN 1A%, R Tl A 7 BRI AL
THEEMERE IR ARG TR 0™ IR Vi
Ak Marinobacter sp. 70623, ¥R g Wil
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