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AP 16S IDNA 55 tbstfe R4 L B Mo HATHA ST, T AH W ARETHR S (Thalassolztuus) B E %
W7 #A4F T VA PHB AE—B0R 69 RIS R T, BE RIS R AR E A4 pH ., 2 E Ao B 2 5t L%/ PHB #& A 69 % vh, 45
RER A W AELZRABRE, LIRE, REEW, 2T WK, V288K, AR p-F%-D, L-Tfe L-5L8E
FHRRB,EHE 10~50 . pH 5~8.28 CEMHTRAK Wik W7 5R2MEETWE Thalassolituus alkanivorans
TMPB967 (OK489464) Bl iR A 98.75%, A B PHB M4t A 60 iR i5% W a/ai%m% BAkfEIER 1d B, ¥#¥4E pH
HEZE 55 A4k E 50 419, PHB MR EAD B & A B fE45 7k 3d BHABMAE; /£ 28 °C .pH 7.2 Fo 2k & 30 &4
T2+ 5d,PHB K& %35 %) (79.70 + 0.52) % AB 7L HKAZ T —Hk @ 2% 4% PHB 49 Thalassolituus W7 AR T #
#k69 PHB M fidd i, A A4k A T /KR F PHB o9 & 4 e 4R R 4B
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Isolation of a PHB Degrading Bacterium Strain and Characterization
of PHB Degradation Conditions
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Abstract: In our present study, a poly-3-hydroxybutyrate (PHB) -degrading bacteria strain W7 was screened from a marine
fish recirculating aquaculture system. The taxonomy identification was then performed by combining its morphology,
physiological and biochemical characteristics, as well as 16S rDNA sequence alignment and phylogenetic tree analysis, and
strain W7 was identified as Thalassolituus. The effects of initial pH and salinity of culture medium and incubation tempera-
ture on PHB degradation rate were finally investigated by inoculating strain W7 into liquid medium containing PHB as a sole
carbon source. The results showed that strain W7 was identified as Gram-negative bacteria, with colorless and transparent
colony and curved or rods-shaped cell without flagella. Strain W7 could utilize carbon sources such as f-hydroxy-D, L-
butyric acid and L-lactic acid, and grow in salinity range of 10-50,28 ‘C and pH 5-8. Strain W7 belonged to genus Thalas-
solituus which exhibited 98.75% similarity with T. alkanivorans TMPB967 (OK489464) . This is the first documented Tha-
lassolituus strain within this genus that exhibits the capacity of PHB degradation. The pH of medium decreased to approxi-
mately 5.5 after one day incubation, while the relative PHB depolymerase activity reached its peak at day 3 except for that at
salinity 50 which peaked at day 4. The highest PHB degradation rate was achieved after 5-day incubation at 28 C,pH 7.2
and salinity 30, reaching (79.70 + 0.52) %. In summary, our study identified strain W7 belonging to Thalassolituus with high
PHB degradation capacity, which supports the applications of this strain in PHB biodegradation in marine environments.
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activity PHB depolymerase
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mn LA . ARV EMNE TR RS PHB AT LLid o A
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T AR PR TP AR A B 25200 PHB %
R TR PR, IFURA T MR R o TR 25 il T
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1.1 PHBKMMEEIS BS54

A FE A B B AR A3 15 4liAk T K ER K 2 i 5K
b2 F K EA K FRIE R SE . 78 200 mL ZKFE TR
Jin 0.03g PHB [ %[ GoodFellow 2\, F-HIkife
(6.15+2.21)um ) , 28 CRAEHELF 7d. L 10mL
B FKAEET 200mL L PHB hME—BRIE IR
RS 28 °C L 200 r/min K535 5~ 6d, #1T PHB
WA fit TR B0 0 S S 4lifk . PHB 8595 3L 5 N TR
(10.0g/L) . NH,C1(0.2 g/L) #1 PHB(1.0g/L) , % il
NaCl & 2R E 30, il 5 [ 4 5% 7% 2 55 S 0 B B
(15.0 g/L) o FEFRMH RS R A HeAh T PHB [ElfAK: =
Herp, PREESR 4 ~ 6 do RIS WT BEREEF
T PHB [{A$5 5= I P55 5d, Wl AR AR 5T
T HAR . f£ PHB VA b HREG™ A B i 375 B Bl A AT
%, Wtk W7,
1.2 BEHESED FEVFEE

Wtk W7 80T PHB WA SR 155, B
10 pL XPECA R I R B T 83 b, TN 2.5% 1%
TRV E , 3K . 0.5 mol/L ZFRARTE RSN
8y, FFH 1 x PBS #hidk, e IV BERR BE 3 (1) £
PRI K o ZEFH L T B 8% (35| FEL Apreo 24
H) TSR LS

WA EUA K TRAR W7, FHANTE DNA $H
WA E (RARAERHE b)) ARRAR] ) FREE
4L 20 DNA, FI 408 _E 5149 27F: 5'-
AGAGTTTGATCCTGGCTCAG-3' #l F ¥if 51 #
1492R : 5'-GGTTACCTTGTTACGACTT-3'#£41T PCR
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P PCR N 46179 : 94 CHIAEYE 5 min; 94 'C7F
£ 1 min, 56 ‘CiEB K 1min, 72 ‘CZEM 2 min, 35 ME
PR ; 72 ‘CHE{H 10 min, PCR =ikt st s & R A
BHEABRA RN, #4751 NCBI £ ik A 7Lt
%}, K DNAMAN Fl Mega X %/ Clustal W .3
AT IEH A X, R I KRR R R R AT
B, A JRELHFERECH 1000 XK.
1.3 HEREIRA LS

B W7 76 PHB [EMARTFRHEEH 28 CHEF
3d, il &R IF W 43 GEN T OmniLog
I Combo Plus A shi# =% € 245t (35 ] Biolog /A
H]) A1 AP 20E 3551 5% (6 [ A= W ifg BLIR A W) B4 7R
A A AR AT
1.4 EFREE PHB B4 S 4
141 WIS

PR W7 H:R0E PHB WA 32 5L h s Ak B 35
2d, ¥ 3% EMEEMT 120mL BRI 7ERE
IwIEs pH(pH 2350k 6.7.2 F 8, b 30 FIiEE
28 °C) JIRBE GRS 5 20 °C 28 'CHI 37 °C, b
30 F pH 7.2) FIEhEE GREESMH12 10,30 F 50, A2
28 CHI pH 7.2) &0 FEESR, MRS T RAILFI TR
(ARSI N 25 FIXTRE
1.4.2 PHB MR B8 & 77 69 M) 2

FEREL 8 mL ¥ IR T 4 °C . 12000 t/min 5.0
20 min, W4 FIEW . # 0.1g PHB FOkA T 10mL
AMFE 05g/L T hERRRENA IR A, 7R
KERZE 100mL, HA AL 30 min, 75 ChI#
90 min % 25045, 5% PHB 24k, B 3 mL PHB #L
AW, BRI K S HOmE 20 min, A 3mL
T, 40 min J5 0SSN EET (13 5k 4R
AR EL, UV-3100 A9 ME 650 nm A A G
(Agso) - PHB fiff SR B AF X B 07 507 78 SR « B3
512 Agso FEAK 0.1 Fr

f\:‘ { S
Ve ¥
. 2§_p.tm
(a) EHIE (b) F2RYf

under scanning electron microscope

(o) Wtk W7 BTEZ (IRF5)

1.43 PHB K& agm &

WE B FR B 10mg PHB 39U k7 R o 5 (3% &
GoodFellow /A, 4 98% ) , A 2 mL ¥eHiH2, i
K 1Th, RERHEFER . S mmol/L s B PR
BIE R PHB FrifEsh 0l # B2 0.025.0.05. 0.1,
0.2.0.4mg/mL, F ] 1260 Infinity 7 =% AH (4, 53%
(HPLC) X (£ ZHER A ) Fl Aminex HPX-87H
AU B T HEBH A ALEZ #: (300 mm x 7.8 mm) (3E[E Bio-
Red vH]) 47 PHB FRifEZINE . HPLC 544
VEWER R 5 mmol/L FHHRAR , itk 0.7 mL/min, FFF&
20 uL, #EIE 65 °C, Bl PR 210 nm!"", 4 KH 8 mL
WEFRT 4 °C 12000 r/min 2.0 20 min, WEEDTIEIF
WET, BRACFIFE RRAE S IR BRI . @1t PHB
FrUEM LT EUEY T PHB RS, A 2200 T
. PHB i,

1.5 HIFESHIT

KA ZE 225047l Tukey’s 25 5 HL AR 5K
WA RS B E T TR R, P<0.05 N2ZERA
Gritef o X (SPSS 26 #A4) o

2 HRESH

2.1 BEMBEKRES

WPk W7 7€ PHB [IARESRILEE R 2d 5, W5
BEE . ot B R R R R ST, B
2 ~3mm, WA F = RAMER (K 1@ fE
1(b) ) o 8557 5d SR R S W s 058
(1.28 +0.08) cm A1(0.72 + 0.08) cm, FU{EN 1.98 +
0.16 i L T WA BR LR i 2 B, % 50 A< HA A TR
EEMMIE, e REER (K 1 MK
1(d) ), KR/ A 042 ~0.74um x 1.5 ~ 6.0 um
(n=30), TCHEE, HAHRTEF RS SR 5 b Hver
Lk EEAH AR K

(d) BEikk W7 B ()
B 1 FE#k W77 PHB AME—iRERIRAE iR L1555 d RENNERE | E=RLBERFME T RREE TEE W7 RS

Fig.1 Transparent circle on PHB agar plate after 5 d culture, gram staining result and cell morphology of strain W7 observed
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2.2 Ttk 16S rDNA FF 5 tE 3t 45 4h

Bk W7 19 16S tDNA 515 NCBI 5k
1T Blast HX), ERGEEBW, Witk W7 il T al-
kanivorans TMPB967 & h—37 (K12) . FI|FH] DNAMAN
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AT HI AT, Bk W7 SEEESME T a-
kanivorans TMPB967 (OK489464) [F] 514}y 98.75% .
LA TEASEL  16S IDNA JFA X AR RGRE
BT, B AR WT R R

Thalassolituus alkanivorans TMPB967 (OK489464)
Thalassolituus sp. strain T4-6 (MT941008)

Thalassolituus pacificus S9MF3M-4 (OP320460)
99, Thalassolituus oleivorans MIL-1 (AJ431 699)

7 Thalassolituus oleivorans TCA-146 (0Q071771)
Thalassolituus marinus IMCC1826 (GQ426888)
Thalassolituus marinus IMCC1883 (HM569768)
Thalassolituus maritimus 4 (KT906691)
Oleibacter marimis 1018 (AB435651)

O Thalassolituus maritimus 201 (NR112787)
Oleibacter marirnus NBRC 105760 (AB682295)
L— Bacterioplanes sanyensis GYP-2 (NR126264)

Alcanivorax hongdengensis A-11-3 (EU438901)
49| 92L Alcanivorax sediminis PA15-N-34 (NR174285)
87 Halomonas hydrothermalis S1thf2 (AF212218)

Halomonas axialensis Althfl (AF212206)
Escherichia coli(DI1093159)

0.10

—_

B2 ETHE# W7 16S rDNA FIMBNRZ L ER
Fig. 2 Phylogenetic tree constructed based on the 16S rDNA sequence of strain W7

2.3 Btk W7TEBEF ST

ik W7 X p—F25E-D, L-T 1R . L-FLIR . N
F g | 7R —40 | INFIR AN 2 R S B (A AR BE ), %
R WH T UL B AN 2, Tk £ R T RE A #E — 2 ARG RE
2 U R B, BVE W7 RI7E pH 6.5 ~ 8 R
10 ~ 50 5 M AR, ZLRdh . FIfR a2 SV . &Rl
T ERENHTPESS SR FHYE . APL 20E 250 45t 4t o i
N, R W7 XS PR | Bl AR AL B A SN

B
2.4 PHBER4FES

TEREEREE  wIhG pH FIIELBE S8 T 15 97 B Ak
W7, A 1555 pH B7E 12 h INPREERER, KER 31
FRIE pH 7E 1d A4 BRIRAL, WA pH BT
o (pH 5.5~ 6.0) o F AL AFATE B2
(P>0.05) (K 3) .

7.5 8.5
® 1L1E10 epHo6 0°C
7.0 = £ )iF30 8.0 8C
* Eh 50 7.5} 7C
= 3T = 7.0
o [=F}
6.0} 6.5}
6.0
551
551
5.0 e — 5.0 s -
o 1 2 3 4 5 6 0 1 3 4 5 6 6
i a)/d Hif [i)/d iy [i)/d
(a) #HpE (b) #IH pH (o) ¥EE

B3 AREEHE ¥ pHIREEFFG TIESFE pHEL

Fig. 3 pH changes in culture medium under different salinity levels, initial pH conditions and incubation temperatures

TEERFE N 30 FIELE R 10 ARG FRIE b s FE bk
W7 QREE 28 °C, ¥Ilh pH 7.2) , R SR EEAH X BETS T A
3d BB, HAEEREE A 30 B A R BEAR X s )
VAR e K, B i TR (P<<0.05) ; 7EERE R
50 B 4d RENEME (K 4@) ) o BEE B FRI R A LE
K, i SRR S 1 B0 R B4 %4 PHB [FARRAE
0.5d BF3R% 20% 247, FERGG 5 d B[] PN R A 3028 3
S AEERBE A 30 BUZRPET MR 5 d, PHB FAfA IR

B, (7970 £0.52)% , WEETERE R 50 4 (P<
0.05) .

TEARFWILE pH WG FR bR W7 QR
28 °C, £LJE 30) , PHB fiff SR B AH X% 0 A2 Ak A Ffn
BUEA B2 (P>0.05), 7E 3d BFARIRE
i (K 5@a) ) .0.5d AN PHB F&ffRHE ;0.5 ~2d
SRR, PHB FEf#RI 2218 ;2d J5, PHB [%
fifpe s (& 5(b) ) 5 5d B, P14k pH 7.2 #1 pH
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8 Br SR IR R B 7 T pH 6 119 (P<<0.05) .
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5 1.0 }
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HFa)/d

(b) PHB Ffii 2
4 AEHETEK W7 B EEE /1% PHB EERTH
Fig. 4 Changes of relative enzyme activity and PHB deg-
radation rate of strain W7 under different salinity
conditions
1.5

05 F

AR S 73/ (U-mL™)

fiffil/d
(a) AAXITE J1

100

PHBE it %1%

Hif[a)/d

(b) PHB [t
5 FEVIE pH THEEE W7 HB31E5E /1R PHB PE#E
BT
Fig. 5 Changes of relative enzyme activity and PHB deg-
radation rate of strain W7 under different initial
pH conditions

TEARFREE TRk W7 (H 7.2, 3 30),
FEXF BRI 7E 3 d Bk B, Ho 28 "CHpe, 20 °C
[k (P<0.05) (&l 6(a) ) - £ 0~ 1d B}, PHB F#fi#
RSN, 4 d B IR BIE R, o 28 C R
R, BEET 37 °C4H(P<0.05) (F60M) ).

1.5

®20C
®28°C
4+ 37°C

0.5F

AR XS 73/ (U-mL™)

i i) /d
(a) FHXS S 1

PHBFF it 2/%

it El/d
(b) PHB [&fi

6 AEIRETE W7 EXIESE /1% PHB FEREERT(L
Fig. 6 Changes of relative enzyme activity and PHB deg-

radation rate of strain W7 under different incuba-
tion temperatures

3 it i

SiE T RIE S T E , R WT R
TS & (Thalassolituus) , 5 BT S
(T. alkanivorans) %k — 3, BERTA WL 5&F IR i
R ARRE# PHB BYHE . %8 OB A R
B T marinus" . T. alkanivorans®® . T. oleivorans™".
T. hydrocarboniclasticus . T. maritimus Fl T. pacifi-
cus® | KA L [ TR R AR,
AR, Hp, T alkanivorans BRGNS/ R
0.35~0.6umx 2 ~4pum, A[7E pH 6 ~9 (#FiE pH 6 ~
7) EREE 0~ 80 (idihJE 50) S5 N ALK, Mkekesk
LB . T hydrocarboniclasticus TE MA R
TRV 2 Ll B NS 5 ST, Big
K1 ~2mm, Hgid A K &N 25°C  pH 7 ~ 8 Fldh
& 30, X A S | EU R | PR R AT JR i S
SERHENT FEAE R, Wbk W7 O [RRAPE
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7£ PHB #il LB [E{A$EF=EA R0 DLl | IR | &
BRI TS, ATAE pH 5~ 8 R 10 ~ 50 5 FHR4A4E
Ko, (HAME FIHIE , H R AR SR 3 p U
R, NAAAZEhEE T LR A TEE WT Iy
() PHB FFfFaE A CHEE R, HS T al-
kanivorans [RIIEHER 98.75%, 2310 TR & BRIl
FHE, 2 R AR T RE A BT 0 B A E— 25
TFE GC 54 . DNA-DNA Z38 R4 FE R 2 /344

PHB A 7EJR K FifgE /K PR358 v gl S A= W R e, (L
TEWG K P AR KA . WRR TS 2% (Penicillium oxali-
cum) PHBd-1 FEIR/K "R BB . A5 2 Ff#% PHB, 4d N
PHB [k 90% P FEARSMINERIR . 37 °C | b
30 £&M4°F , Microbulbifer spAE 5d I} PHB F&fi% N
75% , 10d i PHB BB 97% Y. Suzuki 451>
MR RS B 3R A5: Nocardioides marinisabuli , 7% 7 bR
30 °C PHB &M % )y (318 + 75) pg/(cm™d) . Cho
LB g VE R B TP 4> 8519 3 Bacillus sp., 14d &
PHB F#fRAT 98% o AMHIE I E#E W7 TEERE
30,28 CHig: 5d Bf PHB &M% 1] 35 (79.70 +
0.52) %, (AAEERFE 10 F1 50 54 FREFRREAR, NILi%
PRI K ALE Hh = AR A PHB TR

TR i 2 3 A S Ah PHB i 588 (s B 055 P i
PHB [l 3-HB Bk —IR{Aak ZRIA, soubg
i 7= W AT R HE AR T A B A . AR
FAER R W7 B3RP AR A 2] 3-HB, {F2 Ptk
W7 FER SRR3R 1d )5, L pH (R 5.5 &4, #E
M ERR W7 1834400 PHB f# (il PHB Ff
BRI, Btk WT A7 S 55 T NG SR R a)
3-HB FEfRIG =4 COL, T pH FRAR, SR T itk
W7 RSt = i AN 2

B FRWIR pH X T R WS PR /N, R [H)
WIth pH 2MF FHORMINTEHE 108 & 225, nTRgE
VK 2 opAE AT G o TEERE 50 S04 T, Hkk W7
AR A2 B, 5 KA S 7 B4R BE 10
FEREE 30 #E3R 1d, o] BB FER B BRI il PR Ak A=
Ko, bR R B 1 o FEASIR)IRLEE 2%/ T B A% PHB,
3d B 28 ‘CIAAIXT S 1 B3 & T 37 CHI 20 CHY,
Ul AL 2o o e 0 T eI R At A A K, AT 2
PHB i 58 B AH G RS 71 A1

4 & it

ESUIETWNGYSERTEIVIS B L AR

AEHEAREEE Fa0k FH20

Pk PHB F%f# B W7, 1% I bk & F ORI 25 il 13
Thalassolituus , 75 =% [BAPE T , 25 MiARIR, JCHEE ,
REFI p-¥25E-D, L- TR L-FLIR MR IE . TPk
W7 A FNfi R WA )32 25 pH 2 M/,
R Z PREEER B FINELEE A i e, PRk R B
R a R IR SPN R R R W7 1R A K R g SR A X i
W 1E 28 °C . pH 7.2 FIELIE 30 &MFFE:: 5d,
PHB FEff20] LLAR] 79% .
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