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i E: [HF%]) @5 T8 3055 BAHE 12486 J & A8 I BR B (Polyhydroxyalkanoate, PHA)S A%,
BARFIART K PHA; HMhiR A, ISR E Fim T4M K T424 PHA, AR T LK
PHA ##te9 8 7@, LB AR] A T RAF T RS K69 = PHA @ H, 1£8 3 Fr o B RS NiE#
WARY T B AR mME, P EEMRT PHA 6988 7. [k ] RERI| KM 7B i i i AR Af o
HowiBil AN B, S AEEZANE, R 10 AELERSEE(3.5%12.5%)F4HE(1%10%)F &
AR B, AT R F K BT 16S rRNA A B AR R R LA 5 2 i o Kz, #)F) PHA
R4 B (PhaC) A B A2 mE & & PHA 694 B m e ARAERE, ST 8 69 PhaC XA,
RABHEA F K F; BEAMEESTmE 7~ PHA 098 F AAm. (4R WRI XS 4
HRRA T BITE] 96 M E, phaC K F PO FX 38%, o &4 9 AT Ridid Z4iE 5T
7= PHA %9 &, @36 KIKRE B (Acuticoccus). #7% RH B(Idiomarina). 3 384T H B (Halobacillus).
1A B (Microbulbifer). #A%AK B & (Maritimibacter). #4843k 3% R # /& (Nitratireductor). /A EHHL
A /& (Pelagibaca). 1R #HABH & (Pseudooceanicola)F= i 7 ® /& (Thalassospira). 7T AR &, Hib
8N B ey mEA BT A g Rk B IR, LA E &£ A AT AINA 69 = PHA @& KR . sLit,
FRAF 2 #RILA PHA A& 389 @ #&. Nitratireductor aguimarinus SY-2-4 J£ & 3~ W %) ¥ 3 77T Z AR tm it
F % 35.0%%9 PHA; Roseibium aggregate SN13-21 vA R ERER 3k A R, 7T Z A48 8 F & 19.9%#) PHA.

[46 ] AMERARAFE 09~ PHA @8 TR, (AR — TR . B b2 A 2hZ 04
FRTFEHATHBRARR N PHA i, EA T4 B PHA TR, K4 24 PHA &7 1,
A KIS H AR AT K BERACAT R .
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Enrichment, isolation, and evaluation of polyhdroxyalkanoate-
producing marine bacteria from oil-containing culture medium
ZHENG Weishuang®'? YU Shengyang®' ZHAI Shengqiang' HUANG Yi'*?

1 Marine Institute for Bioresources and Environment, Peking University Shenzhen Institute, Shenzhen,
Guangdong 518057, China

2 PKU-HKUST Shenzhen-Hongkong Institution, Shenzhen, Guangdong 518057, China

3 College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China

Abstract: [Background] Bacteria can synthesize medium-chain-length polyhydroxyalkanoates (MCL-PHA)
through fatty acid metabolic pathway coupled with PHA synthetic pathway. MCL-PHA’s tensile strength,
glass transition temperature, and other processing properties are better than the short-chain-length PHA, and
are the promising candidate for PHA industrialization. [Objective] In order to obtain new PHA-producing
bacteria that can metabolize oils, we used three methods to isolate bacteria from marine sediments, identified
them, and then evaluated the PHA-producing ability. [Methods] We collected the offshore sediment sample
of Dapeng Bay in Shenzhen, and isolated bacteria directly from the sample, each week during the 5-week
incubation, or during the 10-week enrichment with stepwise increase of oil content (1%—-10%) and salt
content (3.5%—12.5%). Then, we identified the strains based on 16S rRNA gene similarity and phylogenetic
analysis, tested the PHA-producing ability by sequencing the gene of PHA synthase (PhaC), and determined
the types, metabolic pathways, and phylogenetic relationship of PhaC according to the draft genome. The
content and composition of PHA were detected by gas chromatography. [Results] A total of 96 strains were
isolated and 38% had the phaC gene. Among them, 9 genera had not been reported to produce PHA:
Acuticoccus, Idiomarina, Halobacillus, Microbulbifer, Maritimibacter, Nitratireductor, Pelagibaca,
Pseudooceanicola and Thalassospira, and 8 of the 9 genera except Microbulbifer were enriched with oil.
Thus, the enrichment with oil helped to discover new PHA-producing bacterial resources. In addition, we
obtained 2 strains with high intracellular PHA content: N. aquimarinus SY-2-4 could accumulate PHA of
35.0% dry cell weight when cultured in nutrient broth, while Roseibium aggregate SN13-21 could use
pyruvate as sole carbon source to accumulate PHA of 19.9% dry cell weight. [Conclusion] The offshore
environment of Dapeng Bay harbors rich PHA-producing bacterial resources that are worthy of further
investigation. The enrichment method of stepwise increase of oil content and salt content is beneficial to
isolating different PHA-producing bacteria. Next, fermentation optimization of the 2 high-PHA-content
strains will be further investigated.

Keywords: offshore sediment, polyhydroxyalkanoate, moderately halophiles, enrichment with oil, phaC
gene

BRI NG Wi FR R (Polyhydroxyalkanoate, PHA) HoWiR . B2 SRS, ITXERE R,
AN . . A SES R RRE S R VG FE 2 R BRI T R R O BR R
TEMEE, AE AN 0 e S R IR A, ) [Poly(3-Hydroxybutyrate-co-3-Hydroxyhexanoate),
ZRHTAO . Tolk . BRSNS, Mgk PHBHHx]ZH K45 544t PHA (LR Y), BA XL
MIRRIE 40, PHA I8 MRG58 3-5 4 B, )RR MR RIS, 7
() %5 %% PHA (Short-Chain-Length PHA, SCL-PHA)  [EEZAgeil . fbllih M2 T2 F HA &R0
FIAIRER T4 6-14 DN EEE PHA (Medium- Rt HET, M PHA KRJBEHE, Kkl

Chain-Length PHA, MCL-PHA)'", BEELTHRME  WEIFH8F KE4E PHA.
(Polyhydroxybutyrate, PHB)J& T /%5 PHA, H AN PHA 4 a2l 3 40 (& 170,
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w1 AR SCL-PHA, Z&E LN =4 WL RE TR G BGE AR ARAT T B ) 3-)5 HE TR 19 ot
TS A SNIRY), @i B AL AT i (PhaA) | ILEARE A, FEAE 3-8 FL R I e L AR 2 -l
LR A A I8 5 (PhaB) fl PHA R4 i fiti A A5 EE(PhaG)VE R T %4k PHA & BT 4
(PhaC) B 48 8] PHA . &2 I, I 5 3-BIEREWEAE AP, S5 PhaC BIFET& K
MCL-PHA & WAl . & 48 11 5 40 56 B i R A it PHA . fildn, 185} (Pseudomonas sp.)F) %
WA, LAUIBN B ACH & 42 b i M BEAH R A % 05 re B 72 3L 3% R g (Polyhydroxydecanoate ,

HIEY), 16 R3-ZILIGBEAME A KAH(Phal)  PHD)' HA PHA BEJ7 (1B 00 8 40 1

M PhaC RYVEH T4 M PHAT, WK BRI B ) G0 55 B M 4 (P, putida) T T {5 B0 i T4
(Aeromonas caviae)® . A2 T F FIBEZE J a5, (P. oleovorans), 1FAE[RM HAT @A 11 Fligse i,

Pathway I Pathway 11 Pathway 111
Fatty acid degradation Fatty acid biosynthesis
(B-oxidation)
Carbon sources Carbon sources Carbon sources
(Sugar) (Fatty acids) (Sugar)
N Acetyl-CoA

/ Acyl-CoA \ l
Malonyl-CoA

TCA +—— Acetyl-CoA Enoyl-CoA 3-ketoacyl-CoA Y

cycle \ / J FabD

(S)-3-hydroxyacyl-CoA Malonyl-ACP

PhaB Acyl-CoA

PhaA Phal FabG / \

A

3-ketoacyl-ACP Enoyl-ACP

Acetoacetyl-CoA (R)-3-hydroxyacyl-CoA (R)-3-hydroxyacyl-ACP /
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1 BRERHRENEIESHEETREEAY

Figure 1 Schematic plot of main pathways for PHA synthesis'!

1 : Acetyl-CoA: Z i A; Acetoacetyl-CoA: ZEZ Wil A; Acyl-CoA: FRI4HEE A; Enoyl-CoA: JMEHHHE A; Enoyl-ACP:
I AR 15 3-Ketoacyl-CoA: 3-FRMEBEHIAE A; 3-Ketoacyl-ACP: 3-[iis EME B 2044 8 11 ; Malonyl-CoA: PN _FRFABLAHG A;
(S)-3-Hydroxyacyl-CoA: (S)-3-3HEMEifE A; Malonyl-ACP: T _FRPARIBEIEZAE I ; (R)-3-Hydroxyacyl-CoA: (R)-3-F2ME%E
g A; (R)-3-Hydroxyacyl-ACP: (R)-3-F2MEILMEILZR AT 1; FabG: 3-FRMERBEHEE A i85 ; FabD: N AT A-IE3L-2A
E B RE; PhaA: B-FHILGLAFMG; PhaB: ZBEZBEARE A iLJ5; PhaC: PHA JR4GHE; PhaG: 3-FRIEMSMEIERL AR IAE -
G A RSN ; Phal: R-3-ERILMSTEAING A KA

Note: Acetyl-CoA: Acetyl coenzyme A; Acetoacetyl-CoA: Acetoacetyl coenzyme A; Acyl-CoA: Acyl coenzyme A; Enoyl-CoA:
Enoyl-coenzyme A; Enoyl-ACP: Enoyl acyl carrier protein; 3-ketoacyl-CoA: 3-ketoacyl coenzyme A; 3-ketoacyl-ACP: 3-ketoacyl acyl
carrier protein; Malonyl-CoA: Malonyl coenzyme A; (S)-3-hydroxyacyl-CoA: (S)-3-hydroxyacyl coenzyme A; Malonyl-ACP: Malonyl
acyl carrier protein; (R)-3-hydroxyacyl-CoA: (R)-3-hydroxyacyl coenzyme A; (R)-3-hydroxyacyl-ACP: (R)-3-hydroxyacyl acyl carrier
protein; FabG: 3-oxoacyl-acyl carrier protein reductase; FabD: Malonyl CoA-acyl carrier protein transacylase; PhaA: B-ketothiolase;
PhaB: Acetoacyl-CoA reductase; PhaC: PHA synthase; PhaG: 3-hydroxyacyl acyl carrier protein coenzyme A transferase; Phal:
(R)-specific enoyl-CoA hydratase
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B2 ) FH B Wi R B R i e 1Y g R
R, HMEE M MCL-PHA FORE 15 H BT B/ s
Ae 1B VI G

HAET, Tk b 3@ 4l & B4~ PHA.
Y TR LARR iR B B — B A i R AR 7 KB PHA
AR, Wk, BREgafE DR ISR T &
W DL RRAR A, an i R Sk mah ' L gk
Py st B A O, T I R B RE S L
A5 PHA R URRGZE R L™, ANk 7E PHA
AT . BEESALAR AR | A SRR, VR
PHA (0 TGN iy, ke R RS
IR Wi FR IR IR 7 7= PHA AT, XTI RARSA AL = T
CAHEEMNE L,

iR — S G PHA AHOCH) AR IR
fE. WHoEE7n, PHA GRS MMbUitEMe, &
HhIERENSIR R PHA Ayl [k, A mhR
FRIE R L RESC AN KR AT, i — 2 PR ™
BA, % 2 AMEHEAT T R HA TR A2 68 77 10
£L 7 (Halophiles) A T 5 A3 ¥ J11—2 PHA A )™
Wtk. 25 bRk, AP RS R i, @
1% A P B AR AR A Bk R, A ) Uk ]
FHIMZE . BRI 32 H SE 5L BE B AR, FFIRAN LA N
PHA A7 AMRRIRE ST, AIFRBEM PHA 77 12
SRAUE PRSI

1 Me5hE
1.1 ##
1.1.1 &

FE SR AR AT AR A WY KM 5
(E114°28'32.50", N22°29'10.87") . & #f I [a] Ky
2019 4F 7 F 22 H, W/KREKTE 10 m bR
HFRE)Z 10 cm YR 100 g, 4°C &F T ESL
WE, YRIFMEESE, Hidsh S,

1.1.2 $EHEE

VRN B3R 3L NH4C1 1.00 g, CH;COONa
200 g, FEAMK 020 g, BEEEEY 020 g, PNRREREN
1.25 g, EDTA 1.00 g, MgS0O,40.10 g, 5% NaHCO;

VA 20.0 mL, 5% KH,PO, 7 4.0 mL, pH 7.0,
MR AKANE 1L, 1x10° Pa K 20 min®",

T E SRR R KT ERIN 1%-10% (M
TR BO TR A R Y0 (HE A2 T S A i =1:1) F1
NaCl (0-9 g/L). fEA= %R E R ERLE KT 5%
HIZ N FEMIRR(C16:0 8.0%—14.0%) . THIER(C18:1
35.0%—69.0%) I IR (C18:2 13.0%-43.0%)2, 3%
FEI % B AR MR E KT 5%AYH 8 : Btk iR
(C16:0 1.5%—6.0%). HAR(C18:1, 8.0%—60.0%).
TR (C18:2, 11.0%—23.0%) . WV ERMR (C18:2,
5.0%—13.0%) . f£4:— & MHR (C20:1, 3.0%—15.0%)
FIIFIR(C22:1, 3.0-60.0)%2,

BRI B 22168 [ AR I3,
HEVHEARABR A

PHA ZRF# 15 F A% (Nutrient Broth, NB)
A BCEE IR LA TJC AL ER £% 77 3E (Mineral Medium,
MM BRI S B, T TR )
IR BRA T 2 FhICHIERRE IR BN 1% 2 b
VENBEIEMMML), B 1% N BB BV E AR (MM2) .
1.1.3  FERKFIFNEE

BRI TR EG . 3-BRILEMP IR . ZKH IR
FIfE, Sigma-Aldrich 23],

TR SRA, IR SR R A A A
PCR Y, TaKaRa/Aw]; BERCHLIKRS, dtatdlic
HEALER A RA ] EEO, BigEme
AR BR A H] ;. VR TR, Christ 2] 5 WA
gL, BHA ], DB-WAX 3%+l , Agilent
Technologies 23 Fl .
1.2 HEHSESHEK

R F 3RO BEREMS . (1) AR RIS A 23
B, Q) P& 15 AMIEKEEFRIE T, 3)
P 28 0 SR AR B RN Erih R R SRR s .
A 22168 VP ARHEATIR A N = X R4 46
1k, fifb)E BIEE T 1% 680 15%H W& N
PR F—80 °C.

H A B E 5 0 R TR

1 BT
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1.0 g BEBURTRAES:, IMAKES 100 mL ¥4
FIGFR R HEIEM T, 30 °C. 160 r/min EIEIRY
Rege35d. 550, 7. 14, 21, 28, 35 K(E 0 KXt
I E AN, R 1 mL BRI 107, 1074,
107, %A T 2216E “FA b, 30 °C fHiRKE 3 48 h
Ja PR A RS SFRE ) ST . RGN
SN, HJ5 T FRRIEFRPAREL, SNO-1 Bi Rt
i ELHE 3 B ARAR A TR AR

T E LS TREEAE TR 1.0 g Hbikke
i, IIAZEA 100 mL Sl 1%, R 3.5%M) &
T E R FRIEMHEIE P, 30 °C. 160 r/min {Hi
PRGRIR77d, 57 d L 1%R R R e 2 e i
T E SRR SR, RIRHE R S 1%, EhE
1.0%. 35555 7. 42 F177 REC1 mL 35500, Wk
107, 10, 107, Wi F2216E¥H I, 30°C
fEIREEFE 48 h J5 PKICLAT AR A RHE 1 B T
o SY1 Fn & 1%MEREE 3.5%1) & SRR,
XIRi g L SY TFLIERE; SYS Rl 5%
FIERFE 7.5%00 & 46 FEM, XTI 4R 5 LA SY-1 1 SY-2
HmTERR; SY10 Fon Sl 10%. $hE 12.5%
RS, XN gR 5 DL SY10 JF3k I B bk
1.3 A% 16S rRNA EEMLE

KB 7% PCR 5 e idb 47 4l AL 41 T8 Y 16S rRNA
FER By g o PRICRIEVE A 50 uL JoE K
AK T PCR 4+, 95 °C. 10 min 53 E7% PCR
Bt . TRAK 16S rRNA FE[K 9 PCR Y 345190 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#l 534R
(5'-ATTACCGCGGCTGCTGG-3"), PCR Uik % :
2xPCR Master Mix 25 pL, 1E[A5[#)(100 pmol/L)
1 uL, B 5145(100 pmol/L) 1 pL, AR 1 pL,
ddH,0 #ME 50 uL, PCR W £514: 94 °C 6 min;
94 °C 455, 54°C30s, 72°C90s, 31 MEF;
72 °C 10 min, PCR Z#iA: T AW TR (i)
WA R AR AT, Iri)y ) bl 2 R EEK
H W4 AR A B HhuC(National Center for Biotechnology
Information, NCBI; https:/www.ncbi.nlm.nih.gov/),

JE515H MW422635-MW422730, F|f§ BLAST
T ELFN RefSeq %448 % (https://www.ncbi.nlm.nih.gov/
refseq/) FE XS & iy, I MEGA X e K
SRIEFIEE 16S TRNA JEHN RGEUEM, #i s
TeRE AL 43 B AN T B AR AL S R iAo
1.4 & phaC EEETE

V% PCR #iAi il 45 5% 1.3, PHA RA T
Sy 4 FpRAL, HETMIJCEAS Y, T 1 A
PhaC FZR FOGA AR, JE HARRRE, AXTH
PEATREIN S I RE . (1) £PXF T BRI A
PhaC 5|4 PHACGNF (5'-CCYRGATCAACAAG
TTCTAC-3")fl PHACGNR (5'-TTCCAGAACAGM
AGGTCGAAGG-3)* 5 (2) &F % 2F #1 #F i )&
(Bacillus)1) IV %) PhaC 19754 BmphaCO15F (5'-CGT
GCAAGAGTGGGAAAAAT-3") F1 BmphaC931R
(5-TCGCAATATGATCACGGCTA-3")*), PCR JZ Jij
IRRMEAFHE 1.3, PCR PEHIHEAT 1% B IR bEE
FEHLVK, WS SO REAR,, A 257 HAE S B
A phaC FER BHYE AR
1.5 7= PHA ‘AERIEE BN EFERE

VEFER A AHRGE HLEE ™ PHA J& 40 DL ™
PHA FJTELERTE , F|H lllumina HiSeq X Ten | ¥
V- I FLIE AL o i ) B RR DR 2k
T, HEDE 8 Bk phaC K& DR FHAE TR MR 0 5 (R 2 AE 4R
BT REMEHEBEARA ), SEHEA g
NCBI %u#is %, J¥ 4154 JAEKJIZ000000000

JAEKJR000000000 JAEKJS000000000
JAEKJT000000000 JAEKJW000000000
JAEKJX000000000 JAEKJY000000000  #I

JAEKIS000000000., 8 #k phaC FHYEAHTA Y 16S
rRNA B[ 5 4 A PHA ZHIEREHRR 16S
rRNA B ERGELFER, FikRE 1.3, FIH
KEGG %i#i 2 (https://www.kegg.jp/) i ERE 8 LA
HHIREIEA, T 4 B EA PHA dHEY
FHRAT B o 4 R TR (KEGG ZEH 4 5)

D% Hi £) T (Cupriavidus necator H16, )32
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4 Ralstonia eutropha T00416; HAG & SCL-PHA
) T A PhaC). B KZFEFFIRE(B. megaterium QM
B1551; T01208; HA &M SCL-PHA i 1V %!
PhaC) . #i &% {0 5. Y 7 (P. aeruginosa PAOL ;
T00035; ELA & MCL-PHA () I1 2 PhaC)F1IK K
S (A. caviae 8LM; T05190; HA G SCL
MCL-PHA 9 I #! PhaC), FEPHZHZ[A] Y- F- 4% 17
1% AH{BLE (Average Nucleotide Identity, ANI)P0Mfgi
H EzBioCloud %3 1) T. E.(https://www.ezbiocloud.
net/tools/ani) 15,  HuXT T FH A0 A o B Ak ik R 41 DA
NCBI %$#8)% F #(GCF_000168975).
1.6 #AE = PHA B9FhE

8 Pk phaC 5 R B TR AR 43 1) el FH B — Bl (N
Wi PRk A ) A G B IR Ok B A IR B T
BRSSO HE IR (B SR FE BT I 1.1.2) 0 BU100 mL
REEREETHOE S, 7£30 °C. 150 r/min 504 T
Big% 4 d. B4 000 r/min 2.0 20 min J5 T, 42
PO TS A %79 HT1(Gas Chromatography, GC),
MSE TSRS 5% Juengert 527 $2H
M B F 2 5-10 mg R THER A 1 mL
A 1 mL & 15% (RS EOUBIR (1) F Bsis
W, 100 °C il 150 min, #EF7AERLEON,
SEMUR, VKIRRHEI S min, BIA 1 mL ZBTFK, 7
SrR5I30s, #E 1 min, BCNZAHUAH 150 pL ik
A GC/NEH, A 150 uL Wbz, JHTEIEHT.
1EFH DB-WAX RIS (a3, fii ] 3- 3258 T 1R FH iR
F 3-8 RIS R HV TR S SAH €235 s VHE it 1) S 0 (1]
YERZ2%, R ERAE R AR bR AL T AR
L7 HERESHR

WP IrA g o il R 15 (4.0.D)RY
vegan . ape il ggplot2 FEF 52 M™Y. B
(] He % ok B F Bray-Curtis B0 25 59 32 2k b5 50 Bt
(Principal Co-Ordinates Analysis, PCoA), ZHIR&E
2= At B AR L 49 1 (Analysis of Similarities ,
ANOSIM) K36 o LA 51 AR B8 <98.7% ") iy 4 v
K5ORS, a3 BB ST 2 AR AT B

FRANTE 5[] o SRy 1 0 20 T T A R 2 75 R I
BEHEAT PHA BREYE, FRATETT T 3 PR
B 5eilad LPSN £(4 /% (List of Prokaryotic Names
with Standing in Nomenclature ; https:/lpsn.
dsmz.de/) J| 7 & i J@ 24 & T & A2 4 25 M r 2
AL WA, XA S AT R SRR
SR JF K8 45 5 Koller Z50% 2013 4F 1457 PHA 4
TR R T 44 SR AT R A E AR A R R,
1L Web of Knowledge 5udis FEHH %, i FH 5 5 1]
[genus name AND (poly*hydroxyalkano* OR
poly*hydroxy*butyrate*)] ## & , & & $ 17 B 7]
2021 4 1 J, KrZR4EG 2010 4% 2021 45, Q2
R IEE AR ], B ] SRR R 0 Al K
PRI S E S AR,  E 2 J A T  R T E TR
HA T PHA 45k

2 HRG54h
2.1 &¥IRF PHA HE M BTHIE

B A48 DRI T R MG i 38k g T RR A A i vh
LAMEH 96 PRI IR, BT AV 50E,
Mk 13 B 26 NE, ZBJE R ] (Proteobacteria)
MGG IRHEHNL(79%, K 2). AT phaC FEFH
PRI 36 tR(E] 2 HESHER), kA 9 MFH 17 4
J&, PHA PHYESE 38%. phaC FHPER LA AR
(Rhodobacteraceae)i 50%, *{EFFHERH Bacillaceae)
b 17%, IR R (Idiomarinaceae) F1 4 B M o
Bl (Halomonadaceae)$5 5 8%, H.A4 N EbiEF
(Alcanivoracaceae) . WL EFH Microbulbiferaceae) |
2B B i B (Alteromonadaceae) . 41 W2 TH Bl
(Rhodospirillaceae) F1 M ¥ i £} (Phyllobacteriaceae) .
Hrp 9 AN ETERIR B EA P PHA 1. R¥KE
J&(Acuticoccus) . TR )& (Idiomarina) . 5 %71
¥ 41 J& (Halobacillus) . 1L 7 J& (Microbulbifer)
IR B I8 (Maritimibacter) . i BR 45 16 I 1 )&
(Nitratireductor) . MM TR J& (Pelagibaca) . i
i J& (Pseudooceanicola) 1 & JiE #H &
(Thalassospira) , F: A0 B @A 4388 A M8 & 4 .
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#8Y10-16
SN20

Phylum Family

|| Bacteroidetes
W 0|10 Cyclobacteriaceae
[1110]0 Flavobacteriaceae
|| Firmicutes
[7]5]14]10 Bacillaceae

|| Proteobacteria

S

#5206 B 0|20 Aeromonadaceae
Sy-1-%
1 B 113 Alteromonadaceae
SY-1-6 W o|0o|1 Alcanivoracaceae
SNO-19
Y10 o211 Halomonadaceae
*3N0.39 L1022  Idiemarinaceae

*S.\.,,,_,:

"Y"\"""Jr; [ |00  Microbulbiferaceae

vop, 4.1 [ 0]0|1 Rhodospirillaceae

8 B 210|0 Pseudoalteromonadaceae
W 09|22 Rhodobacteraceae
B 04|11 Phyllobacteriaceae

Isolation & 3 g
)
strategy § &

B2 EERRY 3 MOBERBRSHAIEFAEET 16S rRNA REMEMNRFLEH

Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of culturable bacteria isolated form offshore sediment

sample using 3 isolation strategies

TE: 77 PHA 4 LU SARICER SR G sy REKFMIEET 1000 1K Bootstrap MR Y LBHEEM H, Bootstrap KT 0.5 LA
REORRE AR RO R BT FOR AN 7 B SR AR Y BRR AL, FHRBTE B R bl BRI 8 (L0 SE R IR0 s ()

B S CRE)

Note: PHA-producing bacteria are indicated by stars at the phylogenetic tree tips; Neighbor-joining phylogenetic tree is based on bootstrap
1 000 replicates and bootstrap values >0.5 are indicated by black circles; The numbers in the legend indicate strains isolated using different
isolation strategies; Font colors indicate the sample was isolated directly (red), after incubation (blue) or after enriched with oil (black)

o B TE R I 15 kR (58 R AR
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Figure 3 Comparison of culturable bacteria community composition isolated from offshore sediment using 3 isolation

strategies

TE: A: YyRhZH B s SR )RR Y AR ARAN AT s B: 3 FISRIE B AR RO B HBE, @RS, 45 SN-0; #HE
FEERSEIR 1-5 A, 450 SN-1-SN-5; B & il 423G JRkEdh, SY1. SYS M SY10 &N 1%, 5% 10%
Note: A: PCoA plot of bacterial community composition of 3 isolation strategies; B: Venn diagram of strains at species level using

3 isolation strategies; Red indicates the bacterial isolated directly from sample, which are designated as SN-0; Blue indicates the ones
isolated after incubation for 1 to 5 weeks, which are designated as SN-1 to SN-5; Yellow indicated the ones isolated the sample enriched

with 1%, 5% or 10% oil, which are designated as SY1, SY5 and SY10
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Table 2 Genome features of PHA-producing bacteria isolating from Dapeng offshore sediment sample

Strains ~ Taxonomy 16S rRNA gene Genome size  Scaffold N50 (Mb)  GCcontent Gene
similarity (%) (Mb) (%) number
SN20-17 Halomonas denitrificans 98.2 4.58 31 0.54 61.9 4129
SNO-2 Microbulbifer salipaludis 99.7 3.98 3 2.28 58.4 3434
SY-2-6  Halobacillus kuroshimensis 99.7 3.85 15 0.53 47.0 4286
SY-2-4  Nitratireductor aquimarinus 99.9 4.69 38 0.39 62.0 4626
SN13-21 Roseibium aggregata 100.0 6.44 21 1.87 59.0 6365
SY-2-12  R. aggregata 98.9 6.12 15 0.67 60.9 5999
SY10-16 Pelagibaca abyssi 100.0 5.21 75 0.22 65.3 5142
SY-2-3  Thalassospira povalilytica 100.0 4.52 9 1.34 54.8 4528

E: Taxonomy: 16S rRNA KK AR £ i B9 UK R TE MBI RN 44

Note: Taxonomy is the valid published name of the most similar type strain based on 16s rRNA gene sequence

MG 16S RNA BEHAALUE/N T 98.7%4R
HERY, I SN20-17 £k B I & (Halomonas) ()
WTEH Y P . SY-2-12 5 Roseibium aggregate
IAM" (=Labrenzia aggregata){{I%1FBRA L (ANI)
HJ77.3%, NFIBIRI SR E 95%1, HEMH
WA ENSTER A . B4 B8 T 8HRIITF 4 1Y

BEISAIM A I D & F 52 PHA A%, P
PERACHY B R 404 . Hirp SY-2-6 il SNO-2 iX
2 PRANAFESE IR A rh AR R R AR 5 E 40 PHA &
A SRR . X 2 PRANTE RS 2 PHACGN 75|
Yy HARAS 500 bp A B, @ ad xR R 4
5 BLAST, ENi5IMITENIE, R AHARFEN,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4516 A

Microbiol. China

J‘/S
‘0.
§ J,,][

gAY
c,
O‘r) eoé}
é‘/)
(s}

Coy, "
C4
é‘{,

0.020
P

00000000000 Gy,

0000000000 L

00000000000

00000000000

&
®
o
@)
EJ

M. salipaludis SNO-2 (JAEKJR000000000)
B. megaterium QMBI1551 (NR117473)

Pathway and gene
® PHA synthase
® PHA depolymerase

@® Carbon metabolism
Fatty acid metabolis
® Regulator

C. necator H16 (AF191737)

A. caviae 8LM (X74674)

Halomonas sp. SN20-17 (JAEKJT000000000)
P. aeruginosa PAO1 (NR117678)

Hb. kuroshimensis SY-2-6 (JAEKJY000000000)
N. aquimarinus SY-2-4 (JAEKJX000000000)

R. aggregate SN13-21 (JAEKJS000000000)
Roseibium sp. SY-2-12 (JAEKJZ000000000)

P. abyssi SY10-16 (JAEKIS000000000)

T. povalilytica SY-2-3 (JAEKJW000000000)

4 EERRM B PHA HE K HRE PHA SREE

Figure 4 Metabolic pathways and PHA synthesis genes of PHA-producing bacteria isolated from offshore sediment

T RELEMIET 1000 1k Bootstrap MK AIAFHE LM, Bootstrap {HAT 0.5 AYLUB @I FR; 155 PR3 16S rRNA JEH
FEHN T HE 5 AR FAF SN ZE B A7 4096  KEGG 4538 % &1 : map00010., map00010, map00020., map00061 Fl map00071;

4 NS BR THLIAR R

Note: Neighbor-joining phylogenetic tree is based on bootstrap 1 000 replicates and bootstrap values >0.5 are indicated by black circles;
Accession number of 16S rRNA gene sequences are shown in brackets. The metabolic pathways correspond to KEGG pathway maps:
map00010, map00010, map00020, map00061 and map00071 in KEGG; four reference genomes are in bold
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Table 3 Analysis of polymer synthesized from 3 different carbon sources in 8 strains

Strains Carbon source PHA content of CDW (W/W, %) PHA composition (mol%)
3HB 3HV
Halomonas sp. SN20-17 Pyruvate 3.5 94 6
Glucose 1.0 31 69
NB 0.7 71 29
M. salipaludis SNO-2 Pyruvate 1.1 35 65
Glucose 1.1 67 33
NB 0.2 29 71
Hb. kuroshimensis SY-2-6 Pyruvate 1.8 91 9
Glucose 2.0 57 43
NB 0.6 60 40
N. aquimarinus SY-2-4 Pyruvate NA NA NA
Glucose 2.4 93 7
NB 35.0" 97 3
R. aggregate SN13-21 Pyruvate 19.9" 98 2
Glucose 2.4 92 8
NB 0.8 79 21
Roseibium sp. SY-2-12 Pyruvate 75" 98 2
Glucose NA NA NA
NB ND ND ND
P. abyssi SY10-16 Pyruvate 0.4 62 38
Glucose 0.9 28 72
NB 3.5 13 87
T. povalilytica SY-2-3 Pyruvate 1.6 87 13
Glucose 1.2 33 67
NB 0.4 31 69

. NB: EFWiH; CDOW: il +5F; 3HB: 3-FIETHR; 3HV: 3-RILM; NA: R£E&M; ND: Ri&H; *:

PHA & H#>5%

Note: NB: Nutrient broth; CDW: Cell dry weight; 3HB: 3-hydroxybutyric acid; 3HV: 3-hydroxyvalerate; NA: Not available; ND: Not

detected; *: The numbers of PHA content larger than 5%

B AR BB TR R AR AL, A0 35 B ¢ 1 J& (Alcanivorax) |

fii BR £k iA J5L I8 J& (Nitratireductor) . ¥ 6 &
(Roseibium)F ¥ e 14 J& 41 & (Thalassospira)>> >,

BIERBEFRAAL, El s ARSI phaC FHPERPE
Fepide s 20%, WHABERER 9 RBHRIE
17 PHA JE4HTE T, A 8 1k H &l s 45 m

UL S s RS i — 2P R IR AR S R Y PHA
PETEIR . ol s R IR0 B Y H bR k2
KRB S py b B ER T, (H LA T R i 45
RE AT El s AR5 10 PHA HARES R A R
115 TR 2 e A AR B ot e AR e a2 A2 (LA e J PR 4L il

JE[A, Alkane Monooxygenase, AlkB). iXijiBH7E
TR F T, 053 205 AT A A 20 7 0 A ™
YIAEE o BT RS A £ Qs R 7 2 0d 1o i — 2P Y
T AE

R T TR e 5 DR 2 A B T 3k 5 SR N B — TR
RPN E SR, BATKBER N. aquimarinus
SY-2-4 1) PHA SRR T 35.0%, fa%E
FEXTH™ PHA eI #1720 PPAL o 2 0 b
G, AR R 140 I I i 2 B 2 1 M s U R A P B
W, BEETEIES e PHA B9S2, HBRERIA 5
PR 9 15 FEAL 0.06%38 & 1.62%5, ik, 4
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