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Isolation and evaluation of polyhdroxyalkanoate producing
bacteria from mangrove soil
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Abstract: [Background] Bacteria can synthesize polyhydroxyalkanoates (PHA) as intracellular carbon
and energy storage compounds in order to better adapt to the environment. In mangroves, the soil is
periodically submerged by seawater, which forms a special habitat with abundant nutrients and fluctuating
contents, providing conditions for bacteria to evolve a special PHA synthesis pathway. [Objective] In
order to improve the understanding of PHA-producing bacterial resources, we isolated and identified the
PHA-producing bacteria, and evaluated their ability to produce PHA. [Methods] We collected soil samples
from shoal and Sonneratia caseolaris rhizosphere, isolated bacteria during the 5 weeks of incubation,
identified them by 16S rRNA gene sequence similarity and phylogenetic tree, and determined the PHA
producing ability by testing the PHA synthase gene (phaC). Based on the draft genome sequence data, we
determined the class of phaC gene, the metabolic pathways and the phylogenetic relationship among
different strains. We analyzed the PHA content and composition using gas chromatography. [Results] A total
of 97 strains of bacteria were isolated, among which 13 strains were PHA-producing bacteria, including
Cytobacillus  firmus, Bacillus flexus, Marinobacter hydrocarbonoclasticus and Microbacterium
esteraromaticum. B. flexus MN15-19 using pyruvate as the sole carbon source could accumulate 11% PHA
per dry cell weight. This strain had reverse tricarboxylic acid cycle, which is considered as carbon fixation
pathway. Therefore, based on B. flexus MN15-19, PHA production technique directly using CO, could be
developed. Mi. esteraromaticum was a PHA-producing bacterium, whose phaC gene was too unique to be
identified as any known phaC genes. [Conclusion] Bacteria isolated from mangrove ecosystem have unknown
PHA synthase pathway, which indicates that mangrove bacterial biological resources deserve further study.

Keywords: mangrove ecosystem, bacteria, polyhydroxyalkanoates, metabolism pathways, phaC
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R RN N5 HL T (Polyhydroxyalkanoates, PHA)
SR L T A A RO KR A
MR, BT RAFRAE AR . i . SRR S
P e iEE R A R Rl R L Rl
I FH &b 55 5 TR HAT Tz I I ) R B ALy T
ML AR AR B 4, PHA AT#E 5 by fA
W I 5 3—5 1155 4% (Short-Chain-Length, SCL)
PHA FIEATRIFE T8 6-14 K5 (Medium-
Chain-Length, MCL) PHA ; SCL-PHA £ Fh 84 |
PriusmE 2" MCL-PHA $ELs | 45 ShEsi |
Fas AP 2 Bk 2 AP E AAIER AR PHA
ALYy, FLRARE] R R e T 2L PHA 5Pk
Fewepias e, ik, b T A R

AT RS A A 25 5 PHA HIZH R

PHA 1E 4L Y RE R FIBR UG A7, 55 4
s AR, R LS R 0B PHA
B L (PhaC) Y JIC YIRS SR DR, A2 A5 o i 1
(Pseudomonas aeruginosa) PHA & 15 HE ) FH 28 iR
(HD)4: = R I + Z IR (PHDD), XRRHUR AR
Y1 (Delftia acidovorans)V) 4-¥5 5T 12 (4HB) B{
LA-T ZFAENRYIA IR 4-F 5L T RRlG(P4HB),
M % B AR PR i B (Pseudomonas  putida KT2440)fE
R NS Tl BRI kI,
53 G LR B IR LUAS ] ) SRR BE2S IR e T —
W2 e 3 IR (PHDHDDHO) . 2 S 28 i P ok +
W2 Vg (PHDHDD) F1 3 J5 Beo ig Fr B2 R e e O
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i ¥4 3L+ — R fiE(PHOHDHHXHDD)™®), PhaC %
P S e A L D S 5 BRI ) U R R AR
{474 PHA Fh2, B, 78TOl h HAEE
#r e

LIRMOR A K AR ST I (B) 2 ) AR A A
PR | H A Ak T JR P T v K TR VR 3 [R] 4 B
5o LIMMAS R MRE I TR A
HAARARAE, LIS RO RIS Rawte 251
H B[R rh PH I TR LA AR 23 125 Y 866 RN , L
H 337 BREAT S PHA MIRETS, N SATEEH
39%, UiIILIRIARIE A Eh . bk . IRAC. RBERY
RS EEEMNT PHA E MY R,
Van-Thuoc 2! F 2T AR 43 B H ™ PHA f9 KK
4 K (Yangia pacifica QN271), Moorkoth 22
H £ R b 43 85— bR RE 0 FH 2 Rl I8 %) 2 F AT
W& (Bacillus sp.), HA]FFHRRVEE b2 G R 5L
T ERHR(PHB) IR 2L T MR 2 5L R R (PHBHYV) .
Lakshmanan 25U V7E 21 AR i U8 2 S IR 20 58 v 4
PGB EA T Z YR B Y PhaC A B
s L BEAE PHB k[ Bk (Cupriaviadus necator
PHB-4)H i Rik, SLHMLLE GMIEA K 6 Fl
A PHA, f$f PHB, PHBHV. R T2
5-FRELRBR(PHBSHV) . RFEE TR 4-55 TR
lE(P3HB4HB), REET MR 3-F25E 4-H R AR g
(PHB3H4MV) Fl R ¥ 3 T B & % & R M
(PHBHHX), {ZH#B£LRARHD & 1™ PHA 4G
BT PhaC & B DT IR, R1SREAE A BEA A I AE
FRIIRERS S PHA MAATETE R, HA H SR Tl
A E.

AT FELIA AR - 3Bl A2 B A, AR
DI A FH X ZDAR MR ORA DX SO 43R & [ SRS
FEUFPEAN T Ay s Y, PAR AR RN . BFST
i — 203 o) D) R LR A3 A I R, 4™
PHA & ML FRIRESH . RYEERIEIL. &
BLECE R PHA G TR R, DU A Tl
fbAz 7" PHA $2AEHR0 LR

1 MRS hE
1.1 ##
1.1.1 R#

KA AT R I T AR H XD R AR X
(E113°78'27.69", N22°75'34.53") | —AbiE & (Sonneratia
caseolaris)2IBhR, RAEWTE] 2019 47 H 29 H
B, FEAEE 10 em B9 13, HdRES GN
K HMERMPR, PN MN S A4REERLR AR KRy
WV, FHALSRAE 500 g, FRALTE 4 °C &F T4 Hiz
RELIE, FFRTERS 5.

1.1.2 EiRFERE

B 53 FH 2 BRLAR PRI T8 (Pseudomonas  putida)
KCTC 1751 £ PHA BHPEXTRE AR, 700 FH A
{0,1% 1 (Gas Chromatography, GC)43#7 [ #£ 7~ PHA
RE SIS, X BE B MRS Bl B iR [R5 1 SR A4, L
Pl PHA AN o 12 b W 1 o [ o i
.L>(Korean Collection for Type Cultures, KCTC),

IR FR 504 . NHLCL 1.0 g, CH;COONa
20g, HIAM 02 g, BEERRY 0.2 g, TNEREREN 1.25 g,
EDTA 1.0 g, MgS0, 0.1 g, 5% NaHCO; I#¥# 20 mL,
5% KH,PO, AW 4.0 mL, pH 7.0, BEIEFKAMNE 1L,
1x10° Pa K& 20 min; RS E 8 2216E [ {4
KR, WHE SEEAEY AR, PHA B
B W% (Nutrient Broth, NB)& 5725, W H4E
TAY TR BM AR A TTHLER R 77 3
(Minimum Mineral, MM)AYFD H1Z BB 3CER[15], 20
SN 1% 2V E A IR (MM DEL 1% N R N
YENBRIE(MM2) o
1.1.3  EERLFIFNEE

2xAccurate Tag Master Mix (Dye Plus), i#iFg %
BhaE ) TAEA R H; DL2000 DNA Marker,
TaKaRa 2~ Hl; 3-FRIE T RIS . 3-F8 L2812 HH g |
FH R HEE, Sigma-Aldrich 2\Hl; Fra5#HE
TAEY) TR ) I A R F A .

TERIGFRAE, kG 2 S i & A PR A |
PCR {¥, TaKaRa ~+l; Ik RS, Jtatdloc
fREAER A BR AR WGEEAL, B RRL2EY
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A RRAF; B TIRAL, Christ A F]; SAHEAE
1, ByHEA ]
1.2 dMHRAEMS B

TCHHRAE FRREL 1.0 g 44, 1A T4 100 mL
PIMERE SR G SR IEHE i, 30 °C. 160 r/min fH
IR R 35de M 0 d FFiR, BRI T — kR
WA, s . HARERAES . B L mL RGISIW
BFeW, MBEE 107, 107, 107°, ¥4 T 2216E
B AR |, 30 °C TEIRIEFRAR SR 48 h 5 HkHL
BAARRIEASFHER SRV, 16 2216E P4 Fiff
Tringeaift, FEMAEKR TS 1% A
15% H M4 N T80 °C. Hkkgw S+ GN 5
MN J& BT 2R S Al b SEBRBR SR KRB, 19
I GNO-1 MH55% 0 d 4 B g5 1 B HIPk .
1.3 4A% 16S rRNA EEMLTE

K FHTA T PCR 7 LA T4l Ak 40 B 11 16S TRNA
FED R Be 1 o PRIBCRIA VR A 50 pL JCRE K Y
K PCR &1, 95 °C 10 min 135 # 7% PCR itk .
PCR 345148 27F (5'-AGAGTTTGATCCTGGC
TCAG-3")F1534R (5-ATTACCGCGGCTGCTGG-3).
PCR JX WK FR . 2xAccurate Tag Master Mix (Dye
Plus) 25 uL, IE[Z[# 27F (100 pmol/L) 1 pL,
514 534R (100 umol/L) 1 pL, £tk 1 uL, ddH,0
#ME 50 pL, PCR i 54: 94 °C 6 min; 94 °C
455,54°C305,72°C 90,31 MEH; 72 °C 10 min,
4 °C {347, PCR P2 i A= T A9 TR (i) i A
FRAFIHEATINY, FrfR) P4 A% NCBI 46 % (v
F| 5o MW418204-MW418302), ] BLAST HoXf
NCBI %% & /% (https://www.ncbi.nlm.nih.gov/) H
16S rRNA & [RIEcd 22 6ff o T AR 1) 43 25 b s, &8
Clustal W i1 7P HIERACLSS . H MEGA X e KRISA
A R G AR, B TR PR B0 B AR AR AN T
IFIIE K RGN . R G A B WA FHTEL T
H iTOLv5 Z4k(https:/itol.embl.de/).
1.4 & phaC EEETE

W% PCR ARGl #5 Jrikm 1.3 i 8522 [ FH
P 240 TR B 14 240 7R G 38 I Y phaC FER 514, DRI

R 2 X519 55 1 XF5 104X 1 BUAT 1T &Y PhaC:
PHACGNF!'Y (5'-CCYRGATCAACAAGTTCTAC-3")
1 PHACGNR (5-TTCCAGAACAGMAGGTCGAA

GG-3"); 2 2 X5 ZFHEER IV A PhaC:
BmphaC015F!"" (5-CGTGCAAGAGTGGGAAAA
AT-3")#l BmphaC931R (5-TCGCAATATGATCAC

GGCTA-3"), PCR [z i 4 2 Fl s hif 4547 7] 1.3, PCR
FRIEAT 1% R HL K, EOGIE A O
JEEAA, A7 25 BIRE AL BN phaC BTN FRAE T AK -
1.5 7= PHA {AEMEFEANEFERE

7 ¥k phaC LR BAPE B % 2R TR 5 R 20 HE 4R 4]
H ) R SEAR SRR AT IR Rl Hlumina )7
A, JEHR4 EE NCBI ¥R E, Fo5 N

JAEMWV000000000 . JAEMWY000000000 .
JAEMWX0000000000 . JAEMEGO000000000 .
JAEMWWO000000000 . JAEMWUO00000000 #f

JAEKJQ000000000 . #] ] KEGG #t #& /&
(https://www.kegg. jp)IERE 7 ALK p D) REFE
I, JEAi 5 BREA 1-1V 26 PhaC & A%
PERAR AR (S BN 7 ¥k phaC PRYEANE S 5 Bk
BV~ PHA AN E FARIET 16S rRNA SEF ¥4
RAGLEW, LR 1.3, 5 BRE N oTH AR
(C. necator=Ralstonia eutropha H16, T00416, 17!
PhaC & B 05 4% PHA) . il S4B I T (P. aeruginosa
PAO1,T00035, 11 PhaC) il (.35 (A 1% (Allochromatium
vinosum DSM 180", T01168, III %! PhaC)FIE K
FHFFIE (B. megaterium QM B1551, T01208, TV #Y
PhaC),
1.6 4AE" PHA MIMEMEE

7 Bk phaC R PR B RER 43 5008 FH B — i 5
(R RS . 290 A2 & Bk IR CR B 4= R E AN
PRSI B 5% o AR AT T8 100 mL F5 57 4k
IR, 78 150 /min, 30 °C &MF PR 4 d.
HATE 5 000 r/min 505 F #5015 min 5T 2
WOt TGS 0, W Ty m s sk
27 Juengert 2511 SRR T 5 B4 . FRE
TR Y 20 mg, iS40 T E (Cell Dry
Weight, CDW), SRJ5 A 1 mL S5 15% (IR
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SIB0OUAR R I I, 100 °C YA 150 min, F
AT ERAE BN, SN 58 R VKB YR 5 min, fiIIA
I mL £ FK, 8RS 30s, #E 1 min, BT
JZA M 150 uL LA GC /NET, IIAWAR, H
TGS HT A 35258 TR FH R AN 3-F2 B 2% g HH
PR R SCAR 1 AR o A, 87 PR R R R R A Y
it AR e i T A, i ] DB-WAX B 54
(Agilent Technologies, G6501-CTC)., PHA & LA
AN AT EE S PHA B E 4R
1.7 HiEH

R ETA G R 3HFG.5.DM
vegan, ape Fll ggplot2 FE/F A5 AN [FRAE £UF
R F st (] (A b Z (8] LU 3R 2T Bray-Curtis B

By 32 AL AR 43 M7 (Principal Co-ordinates Analysis,
PCoA), %53 i 2 VA AIARRIVE 53 #7 (Analysis of
Similarities, ANOSIM)F: ;. DL 51 AHALLEE <98.0%
AIARAER] 73 Py A oK 385 B A 2 AR A
GRS gy S e hEa

2 ZR54M

2.1 O LIEF PHA AE DB 5L
T ZRAE RYI T AR HH B2 IR AR S 532 97 b

B, JERETE | (Firmicutes) M 5 46%, ZSIEHF

I'] (Proteobacteria) 41 T8 &5 40% , L AF &[]

(Bacteroidetes) F it 2% 1 | ] (Actinobacteria) 21l T8 4%

i 6%, WK 1 B, phaC FEF AP REIE 13 £

Phylum Family

[[] Bacteroidetes  [[] Hymenobacteraceae
W Cyclobacteriaceae
[ Flavobacteriaceae
[ Proteobacteria M Caulobacteraceae
W Sphingomonadaceae
M Phyllobacteriaceae
[ Brucellaceae
W Microbulbiferaceae
B Pseudomonadceae
W Alteromonadaceae
B Aeromonadaceae
[ Idiomarinaceae
[] Actinobacteria []Streptomycetaceae
[l Microbacteriaceae
[ Bacillaceae

B Planococcaceae

O Firmicutes

Bar 0.02

¥ PHA-producing [] Weeks of cultivation

Bl 1 LI RIRER IR R TIRPAMEFAE A 16S rRNA 2R RFA EH

Figure 1 Phylogenetic tree of 16S rRNA gene sequences from culturable bacteria isolated from Sonneratia caseolaris

rhizosphere and shoal of mangrove ecosystem

E: 7 PHA AR LU SARCIERGER T W L5 S SMNBECT 2R Bk 2 B IR b B FR I (8] (F]); RGEA T HEET 1000 K Bootstrap

WM 28427548 8, Bootstrap {EH>50% LA 8,5 fEl 2R

Note: PHA-producing bacteria are indicated by stars at the phylogenetic tree tips; The numbers at the outmost circle indicate the weeks of
culturing before isolation; The neighbor-joining phylogenetic tree is based on bootstrap 1 000 replicates and bootstrap values >50% are

shown by black dots at the nodes

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



3990 A2 AR

Microbiol. China

(Bl 1 bS5 HERR), B0 5k A ZF AT EF
(Bacillaceae) . R FH( Microbacteriaceae)FAEEs
RN Alteromonadaceae) , 5 553 B A Y 13%.
SIS Z, ZERARIMERR 3R i (MIN) A 5
HRBR - HERE S (GN)RY ] B SR AN R SEAHZE K, 18] 2A
/R, GN FI MN RS 431 5 80P R 2 (R 18 114
EAF XAl 0.6; ANOSIM, R=0.3185, P=0.007,
Permutations=999). & 2B B/ BEARTE R K FEAA
4 DPFAETRL . eAh, SR RS B R S X R R
A2 Ak, P 2A H MNO H1 GNO FF i H ] 55 3R 41
FHAIEATERGRTE RN . 7™ PHA A JA —4k
(GNO-18)>k A H A4 B HFE N, BT R 5 37 i [A]
B T DAARE i v 0 28 ) 2 BT 7 22 R, DT 4645 1
Z B9 PHA 41 B Rk
2.2 7= PHA {HE R F PHA HHXER
13 £k phaC FHTEANT R A 4 DRHE 1), W45
16S rRNA FENAHBIEE DL R R RIE AL 0L, L5

W 7 Bk phaC FHTETE R EE I HAEZR IR, TERRAY 23
AT B BL AL W AR 10 A AR 3 1k
E , Hop Cytobacillus firmus 2019 4 15 2
HUE (Bacillus firmus) ¥ 4 A1, 3 MREHEERH
T 3% = WER G PR (Reverse Tricarboxylic Acid Cycle,
rTCA)IE %, LB HHA s 1 (K 3). Iesh,
FETF 16S rRNA JEFH T 2K MAHUE, C. firums
MN36-4 h — MR IETE BT 18 o« K BRI A I
(Marinobacter hydrocarbonoclasticus MN29-10)7%
A AR A M T AR phaC JED, 3 BRERF
FF I (Microbacterium esteraromaticum) GN22-13 .
GN8-5 Hl MN29-11 AR 7E 43 &5 B BoA I 51 9
PHACGN 3 H 500 bp #2547, (HAEAEREH 4
RAERHATAT 5 B 4 PHA S A R MR . KA
MBI 4EXTEH phaC LK, HEW HFi%5]
WrESsrE2E, FBURS KEFY I phaC LA
FNIRIE

Rhizoshere Shoal

® Rhizosphere ® Shoal
[}
0.50 ° MNO
GNO
0.25
S
o0
g
3 0.00 |
<
o
O
-
-0.251
MN5
| 1 | 1 | 1
-0.4 -0.2 0.0 0.2 0.4 0.6

PCoAl (37.7%)

2 AHMHERPERIRERDIEFMS DIRPEEERBES

Figure 2 Differences of species composition between bacteria isolated from the soil samples collected from Sonneratia

caseolaris rhizosphere and shoal of mangrove ecosystem

TE: A: WP B IR AR ) AR M s B ARRLEMUKF BT BE; GN A MN 235 2R fl i A ARPRANREY: 5

0-5 FIn kb 7T BRI HFR 19 A 5L

Note: A: PCoA plot of species from 2 samples cultivated for 5 weeks; B: Venn diagram of species from 2 samples; GN and MN indicate
samples from rhizosphere and shoal, respectively; 0—5 indicates the weeks of culturing before isolation

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



FRAEIEA LUK L3 v 7 SRR SR T IR TG A 7 114 7 19 B HT A 3991

R1 AWK IES S PHA E AR FE AT

Table 1 Genome features of PHA-producing bacteria isolated form mangrove soil samples

Strain Taxonomy 16S rRNA gene similarity (%) Genome size (Mb) GC (mol%) Scaff old Gene number
MN29-10  Ma. hydrocarbonoclasticus ~ 99.7 4.24 57.1 33 3967
GN22-4 B. flexus 99.9 4.07 37.8 26 4198
MN15-19  B. flexus 99.1 3.95 37.9 36 4105
MN36-4 C. firmus 98.5 5.00 41.9 15 5522
GN22-13  Mi. esteraromaticum 98.9 3.06 68.0 6 2861
GN8-5 Mi. esteraromaticum 99.2 3.06 68.0 6 2 860
MN29-11  Mi. esteraromaticum 99.1 3.18 67.9 3 3014
.\7)
QO
Pathway and gene £ & ch*
@ Carbon metabolism ® Complete & ig‘c .é’?
O Fatty acid metabolism O Incomplete ¥y 8 ,5’@0 <
O Carbon fixation O Absent 50 -9&) g &Q
@ PHA synthase o L X bb S
N O QLA
@ PHA depolymerase §§° IOESRES
® Regulator ST $O§N§' gb\é’ N é?Ng\/ § §\§Q/
FTEFETEIITITTIN
--------------------- C. necator H16 (AF191737) @ @ @ [ 1 I 100l [00e
------------------------ A. vinosum DSM180" (FJ812038) @ @ @ (T I IOl 106! @
----------------------- P. aeruginosa PAO1 (NR117678) @ @ @ 0 06 0ee
~Ma. hydrocarbonoclasticus MN29-10 (JAEMWYOOOOOOOOO)... O0.00QOOO
------------ B. flexus GN22-4 (JAEMWV000000000) @ @ @ 000000000
fffffffffff B. flexus MN15-19 (JAEMWX000000000) @ @ @ 000000000
ffffffffffffff B. megaterium QMB1551 (NR117473) @ @ @ 00000000
------------- C. firmus MN36-4 (JAEMEG000000000) @ @ @ 00 000000
-Mi. esteraromaticum GN22-13 (JAEMWWOOOOOOOOO)... OOOOOOOOO
} --- Mi. esteraromaticum GN8-5 (JAEMWUO000000000) ‘.. OOOOOOOOO
--- Mi. esteraromaticum MN29-11 (JAEKJQOOOOOOOOO)... OOOOOOOOO

B3 L5k PHA HE I HREF PHA S ER

Figure 3 Metabolic pathways and PHA synthesis genes of PHA producing bacteria isolated from mangrove ecosystem
T A5 SHERE 16S RNA SEHIFSINTHS 5 7 A CHHE RS BN 2 A 7000 0 KEGG fUSHE A : map00010., map00010.,

map00020, map00061. map00071. map00710 FI map00720

Note: Accession number of 16S rRNA gene sequences are shown in brackets. The metabolic pathways correspond to KEGG pathway
maps: map00010, map00010, map00020, map00061, map00071, map00710 and map00720 in KEGG

23 AEHPERERERRIE S EMHAE

7 MRk A LIRARA A B TR AR 3 Rl s
PHA (LS &8 W% 2. A& % PHA
i 3-BREETRRGHB)M 3-RILRRGHV)I AL, 5%
VR X Rk PHA 1) SRR 2 B8R PHA 78 240 i iy 5 4
WA 52 1) FH A A MR S B % 2 A TR A T
MNI15-19, MN36-4, }53% 4 d 1y PHA ZRHE 540
JiL T A AR B T 11.3%F0 7.0%.

3 Wik54%R
F LR SR dh oy B 97 Rkl RE IR 40

W, JERERETLL 6% ol i A3z, Ll
HiEEoA 40%MASTE AT ] o BF5E A B i iR
AR ] B AT RE SR 63% %%, 1B LAk
I AT IR AN S U i A BOR 225
T D AR B, TR T TR AR AR A P
IR M 7 2L ARG AOPR ) AR P2V A T T D 4l A O
FRRE, AT JEBE T AR G A3tz . 2
PR A A2 BAGEIN 7 1k S, 240 Tl 5 97 24
RAGTT RS AU, i TASTE R | JERE G20
WA IR, N e m Al s o A Sk 97 05
LI, T 2R AT R R Y DNA BOXE A PR 5k
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=2 7THRHEH A 3 #EET PHA B9

Table 2 Analysis of PHA from different carbon sources in 7 strains

Strain Carbon source

PHA content of CDW [W/W]

PHA composition (mol%)

) 3HB 3HV
Ma. hydrocarbonoclasticus MN29-10 Pyruvate 0.5 77.6 22.4
Glucose 0.4 37.1 62.9
NB 0.7 43.1 56.9
B. flexus GN22-4 Pyruvate ND ND ND
Glucose ND ND ND
NB 0.3 44.1 55.9
B. flexus MN15-19 Pyruvate 11.3 97.9 2.1
Glucose 2.6 87.6 12.4
NB 2.1 94.1 5.9
C. firmus MN36-4 Pyruvate 0.7 51.2 48.8
Glucose 7.0 97.1 2.9
NB 1.9 92.4 7.6
Mi. esteraromaticum GN22-13 Pyruvate 1.0 75.3 24.7
Glucose 0.8 77.0 23.0
NB 0.2 27.7 72.3
Mi. esteraromaticum GN8-5 Pyruvate 1.1 81.4 18.6
Glucose 1.0 47.2 52.8
NB 0.3 19.7 80.3
Mi. esteraromaticum MN29-11 Pyruvate 257, 57.9 42.1
Glucose 1.0 48.9 51.1
NB 0.8 43.2 56.8

{E: NB: HFfWY%; COW: AT HE; 3HB: 3-8 THR; 3HV: 3-5RJEAR; ND: KAl ; HIAFIR PHA S H>1%
Note: NB: Nutrient broth; CDW: Cell dry weight; 3HB: 3-hydroxybutyric acid; 3HV: 3-hydroxyvalerate; ND: Not detected; The numbers

of PHA content larger than 1% are in bold

o AP EREUP AT AR G g e SR 4R AR A TR RE
DA VAT B 7 B L gl o PRG3R AE A i 2R DA
76 4 R AIE 7 B AR 5 S E 9 [R) 6 T J S b SR A
AR SR AT i — 2 B E . IBAh, EAREET
7 B DR A W T 9 vk BT B AR R A TR A
AP, RS Tl TR R IR, ABFSE IR B 3k
FHATART o TR TR R

ABFFE LA 7 PHA A8 BARIFR IR E 21
RARA B RGBT IR, 1S AT E R
(Bacillaceae) . AT HFH Microbacteriaceae) 38k
YR (Alteromonadaceae) i ;= PHA 41T W5 .
AWF5E” PHA ZHTA HY 73 2 oA (13%), SR B
TR Rawte SO0 A LA PTG TR AL
MR 2 40%07= PHA 4. #U" PHA
20 T o 91 22 S B ORI B TR 5 03 B SR IE AT 5 . Anas

=PGBI SE LA PHA RESIVE N E—RifE, RYE
YT I e AR B MRE R, AR
{0F 16S rRNA JEFJFHIAUE 2 5 KF 0.02%
AT RRAE A, B9 T PHA BHPE R 7% 2 115
{14 ] A8

HATHE 7™ PHA TR DL 22 G4 3 N
F, 2 RPN PHA 4114 25K [ 2 /A #
JE& AR TR i® , B AE ZE AT IR (B. cereus MS)REF ]
THSEHME 7 3k 73.8% (500 PHARY, 95
A AP (B, thuringinensis EGU4S)F) H #i &
R BER 55% (B0 PHART, B R ZEAF
B (B. megaterium)F| FHFUIVE R AR 1% (i
EOEOR PHARY . ABFFE5 8 7 Bk PHA 2
FFFRRLERE, 5 8538 PHA Y 54%, Hrh
MN15-19 ) PHA 7E40MH 095 ik 11.3% (it
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A AR E M Tl AR - wivk, HAK
B AW B EE R, Bk, TR
o, FRATEE R MN15-19 7 PHA HIBE 1 b 142
T, PP T AT A B T .

HATAH ) PHA R4 B (PhaC) s — 245
FA) A S P R P ST ) 855 T T 43Ry 4 b
R, BT PhaC #RALES — D22 ARG AL 8 F
b 2 R B A I s it 245 #4) (Lipase Box). AS[w] A4 4f
WIBR T PhaC RYZEHIATR, H2E S ABTE PhaC
5 A PHA A AH DG Y 58 BT 104 25 IR 7 A
AP, ZEFAT R 4H R 1 PHA A DL B K2R
FFEMACEE, 75 IV 28 PhaC & A5 PhaR W3EIE
Al 5E i PHA &7, A#F5EH B. flexus GN22-4
1 MN15-19 g R PhaC Bl (& 3). KT
C. firmus MN36-4 BRI & 2R AP B RE, 2R
i PhaC (&1 2), 2020 4F-JE T JEERE IR | T 240 18 1) PR~T 2R
HEE4, Cytobacillus I§. Bacillus H %),
{ITHEN Cytobacillus i) PHA & WAL T 685 Bacillus
2SR, RT7% PhaR WIEAY4EEL .t FABES
I T 1) 356 R 2 50 1 A 2L 2 B I 5 B —
AT N

AWFRTE 3 BREFMIAFRFL™ PHA 4 7R P
GN22-4, MNI15-19 il MN36-4 1 & BlIEH 41 A7
TEH —ORMRIGIF (TCA) R4S . il i STk A,
TP R A G Z KM HRIE . ZRE S AR R
mERE kR Z —, RS R AL N
il 122 5 o A AR i ), b T 1 T 4R 7R
W EEMmER, TEAFETSREH
(Chlorobiales) . 7=7/K#H B (Aquificales) . e-ZETEFFTH
N (Episilonproteobacteria) . FiSACIZIERE ] (Nitrospirae)
T B AR FF TR T TR AR B AR H I e
F rTCA B4 B PHA 156, AR A HIE A
FEN G LR AN (Rhodospirillum  rubrum)RENS 8 1
FIRSCHEAHATIEAVERIE™ PHARY, Zfaim
YT AEAM NN R R A MK B SR B vh 7 PHA, e
PHA & HIA4IM T EAY 30%) . JRgidat %t 3 #k

ZEHUFT B A0 5% 7 PHA (0E—058, A8
R —FB L 7 PHA IR

RWFFE KPR 3 Kk Mi. esteraromaticum GN22-13 |
GN8-5 Fl MN29-11 HA 7" PHA fig JJ . 25 B e &l
FFE B 3 282405 BRI, 18 A s A xR RO+
WIE AT PHA BORE 1PN, SR A T30 1 S D8 4 1
FRAE R B PHA & BUEHRAR YA SCEEDT , #E
M GN22-13 . GN8-5 F1 MN29-11 [ PHA R EHT
o IZMEN TR L — 20 5L T LR A S8 S B s i A
BEAN, FRATDU GO B 40 TR iEA T35 2 WK phaC SEA
o oK BB BBl AR AT 4G A5l HEDN IR S Ho
PhaC A EENHH, SHASIVMESESEARR, &
BYWATE . AFHHE T PCR FF k91
phaC FER 77 L0006 7 PHA 1, 2855191 4 C
BRAPEFXTE AR T, 11 A1 TV 5 PhaC 3 1H09514,
AT BEAAAE T O A 50, 230 PhaC PR TR LL A1)
PR o 725 L2 A ST oh FAT PRAR S AT 58 B %) 5 |
WIATAL, §RR ™ PHA 4 B 7 vk i e aff B
FITELHE

B FEAELIRAR SR S b i 6 7 PHA 21
P, AR THCLRIEYE” PHA 4 . HAGEER
%I PhaC & 07 PHA 45 LA K B R AE 111
7% PHA #iHH, d—IEsLermipk S R % b i
AW A IR AR B AE AL RRIE, PhaC & AL
AR FE R, BARIZ I EEANE
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