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Advances in the Synthesis of Bio-Polyhydroxyalkanoates by Extremophiles
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(1.College of Light Industry Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China;
2. Engineering School , Qinghai Institute of Technology, Xining 810016, China)

Abstract: Extreme microorganisms can survive and thrive in extreme environments. A number of studies have been carried
out to synthesise PHAs using extremophiles, realising an open and continuous fermentation process without the need for
sterilisation, saving fresh water. Based on the latest research progress at home and abroad in recent years, this paper
summarises the current research status and results of PHAs synthesis by extremophiles, describes the influencing factors of
PHAs synthesis by extremophiles, and explores the development direction of extremophiles in the field of PHAs synthesis. It
is pointed out that the theory and technology of PHAs synthesis by extremophiles can be improved by exploring the
metabolic mechanism, fine-tuning the treatment of inexpensive carbon sources, searching for various extremophiles, and
developing a new enhanced fermentation technology, so as to realize the low-cost and high-efficiency synthesis of PHAs.
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Fig. 1 Potential for accumulation of PHB or PHBV in
halophilic microorganisms
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13.41 g/L W THREL, A A PHB F=& 4 53.23 g/L, i
CDW [¥] 88.67%, »&iZ4 ks #4514 g 07 IR
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RINHI FH A B ) 2 5 R IR R 08 AN R (R G AR R AR ]
DAFETFBRRIY PHAs & RiieRiel, sl e dh m
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Tab. 1 Advances in the synthesis of PHAs by halophilic microorganisms
. NaCl Jifi S i o oy , PHAs & &%
EReS Ig/L) 3 BT PHAs 257! 1% it
Halomonas sp. YJ01 60 kL PR PHBV 89.5 [18]
Halomonas sp. YLGWO01 60 %‘ﬁﬁﬁ%ﬁ Hr FRERE IR PHB 60 [19]
Halomonas bluephagenesis . - Jol 4o
WZY278 60 BB R AR TR PHB 80 [20]
[ prpC A
FER pr . 60 GiE=L PRI PHBV 85 [21]
Halomonas bluephagenesis TD01
Halomonas boliviensis 45 Edn RE I PHB 58.8 [22]
Halomonas pacifica ASL11 17 ERE PRI R PHA 82 [23]
Halomonas halophila CCM 3662 60 LG 5 PR K PHB 61.9 [24]
3-¥2 5 T2 (3HB)
b 72 ” s 7 3 N
Halomonas alkalicola M2 70 Tﬁﬁ*ﬁ*&% TPRCAH 3FAEEHY) 67.0 [25]
BRAE AL HE 7* 3B+ R
HDD)
AT AR C BRI
Halomonas hydrothermalis 19.45 [iza5] PR R PHBV 73.3 [26]
A e kv
Halomonas campisalis 45 i PRI R % PHBV 81 [27]
Salinivibrio sp. TGB10 60 A BN R 2R AR TR PHBV 81.7 [28]
Yangia sp. ND199 45 FHH i HEHE TR PHBV 436 [29]
Neptunomonas concharum " Pipi Gt
JCM17730 27.5 TmE > PHB 44.2 [30]
Paracoccus sp. LL1 10 TORFEFF Eaiy i PHB 724 [31]
Haloferax mediterranei 144 IR PEIHR e PHBV 57.9 [1]
Haloferax mediterranei 156 I 3 R Loy al PHBV 52 [32]

TE: PHAS % 8 DUZHN T IR 8 A E
1.2 BERMEYD
1.2.1 "E R A OGN B B A A PHAS %

Mg AE Y R AR REAE Kl TR BA SO PERGR
S (41~122 C) Rt X I A A7 B A s AR .
FALT g #h B R R IR AL S SR AR, SR R R AT DA
G A TR RS Y TR RS AR W)t T DABRE IR
TAEY TS Gy o 3X A U0 B AT DAFE TG K B 2% A N EAT 1A
MRIEFR, WL ERCLT, FERAEFZ A . FR, &
T AE N B PR AR T FE RS, 4R e A O R
1E /5 20 M %% B2 (HCD) A= K it 72 v b 48 B A 7= 2 (1)

P DA S 10 A R IR T T R R B R R
PG, DR R] ARG I AP0 & B PHAS I RE A
I E AR B e Ah,  TH e R IR LB AT LR e R
VIR, FRIREE TR IR, il B 501k

AT T FURT W A W R AT P 2 PR A AT IR N 1Y
AWE B, 453 phaC R A7 7E & T vk B4
K PHAS fiE 77 (K156 A0 AR SCHERT & W FE 3
fili b g 1 A 5y PhaC SRV v, 45 R
2 fr A7 6 R AR & SR N AR AL Y% A TS PhaC
o, HARKERERMEYIET | 55 PhaC 4.
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#at7 PhaC S EERITEY R %5 M PHAS 197 71, 4
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Fig. 2 Thermophilic microorganisms carrying PhaC
synthase
1.2.2 & #4440 & M PHAS 89 5F it &
Synechococcus sp. MA19 & —F e A % PHB
6 E IR BRI AHTE , A i Miyake M AK1LEE o
k. XFIAEMTE 50 °CH AR KBy, 78 DARER
ORI R IR B R K% 260 h, S HCT 24 gIL 1
PHBIS), % & R ILRERE £ PHB 18 #A T Fk o
TEMA T, 288G & i PHAS A7 1 72
MR E, BB AL A P
AT PHAS (14 5, Horb lbrahim 5B4R A 42 L
718 B0 #0RE 2 4tk A2 W) )7 2% 42 55 Chelatococcus sp.

ARHMELEER

MW10 BE#R ) PHASs £ 7725, 7E58 2 Jil 45 R J5 (181
h J5)3k75 1) CDW Jy(43.0+.4) g/L Flix =) PHB 4=
FRE, PREON(16.844.2) g/L.

WA I 50K 5 R T R 5] N TR ) O A
AW, AR (40 3HV. 425 T MR (4HB)EK 4
FREERIR(AHV)SE) B 5] N RS WEE Y B3R 1
PHAs. Rehakova Z£B8IL) p— X N EE(GVL). y—Ci B
(GHL). 6~ N ER(DVL) AL T4 5 51 5 5 AE A
TRATRVE, RILE R Aneurinibacillus spp. 7] LAF] TR
AWIRA IR 3 T M-3R 1 R4 2 R IR
fig (P(3HB-c0-3HV-c0-4HV)) . B 3-#3 T#KR-3-
¥ E R 4 O R BE ( P(BHB-co-3HV-co-4
HHx)) . 5 324 T IR-5-F2 5 R 5 (P(3HB—c0-5
HV)) . Obruda ZEOUR I MM AIE MR L 1, 4-
T ZEEERER SR, Aneurinibacillus sp. H1 AEW5 73 5
¥ 4 HB B¢ 3HV WA S| NREWEEH, ARSE 37
T R-A4-$I TRl (P(BHB—co-4HB) ) LK =G
HERME 3-ZHTIR-3-F I LIR-4- 23 T RS

(P(3HB-c0-3HV-c0o-4HB)) . i i 78 in 45 #4 A1 2% 1
RIS 21 PHAS JERY), FAR Bl RE LA K 45
ERERG, MReRER S, XA R TR IT
J iR o 3R 2 HEHE T WA 6 B PHAS (A 7830t
J&.

R2 FEAMEYER PHAs IWIIRER
Tab. 2 Advances in the synthesis of PHAs by thermophilic microorganisms

itk ke B Wi i R PHAS %11 ol B
Schlegelella . 2
thermodepolymerans 50 A TR PHA 3.2 [37]
Schlegelella &5 A VN
thermodepolymerans R Bairsn TR PHB/PHBV 4.49/4.66 [38]
schlegelella 55 BRI KR PHB 3.94 [39]
thermodepolymerans AN '
5 S MR P(3HB-co-3HV-co-4HV)/
Aneurinibacillus spp. 50 1&(GVL. PRI R % P(3HB-co-3HV-co-4HHXx)/ 1.21/0.44/0.71 [36]
GHL. DVL) P(3HB-c0-5HV)
Bacillus licheniformis 50 Hih PR PHA 2.1 [40]
o i 5 45 1 o P(3HB-co-4 HB)/
Aneurinibacillus sp. H1 45 A 1,4-T ZFF Eglivaia - [41]

1T FR

P(3HB-co0-3 HV-co-4 HB)
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CheIatocK/(I:\j\l/J:Osp. Strain 50 S—
Alphaproteot%i():teria(ﬁ G| 50 ———
Caldimonas taiwanensis 55 %ﬁgﬁf;ﬁsﬁﬁ‘
Tepidimonas taiwanensis 50 %@*Efﬁﬁ

PEIRENEL S
fitRE#(42 L)

PRI

TR B

PRI

PHB 16.8 [34]
PHB 35 [42]
PHBV 2.3 [43]
PHBV 1.8 [44]

1.3 HthiRinENE K PHAs IR
gL wm ARG GE AR, DL AR AR i 1 (FE VA

WETR . RE) N AL AE A B PHAS I R F A2,

H A G D EORHEN SR FRE S WETR . ME B

Y& R PHAS [ RI#E T2,

1.3.1 A A MA B B A R PHASs 695 % i3t &

WER A R AT UK VKE VKA
EE R K AUZ A SR S i IR A R 2], DARE ¥
B ONE R PHAS AL B, 7] B e, JF H
GRS A=A e fE A ah, BUGIRE
A DA VA M R EE, IR B B 1 I8 i)
AT CARSARAH G A, H i RILEES & B PHAS 1)
WA AEY) A Acidovorax sp. A1169161. Paracoccus
sp. 392471, Pseudomonas UMAB—-40[], Polaromonas
spp.f1 Rhodoferax spp.[8l,

& A2 ) Paracoccus sp. Strain 392 AMUA &
B PHA FIT 04 7 1 B3 22 [Fl (phaA. phaB # phaC),
T HLA55 7 i 551 phaz LKA 715 85 1 5 F] phaR, #4 H:
f£ 4 CTHRIR, mAREEH 8.7% 3HB M14.5% 3
HV 1) PHBV LR, Goh ZUSILL i i B A,
L Pseudomonas UMAB-40 AJK#FEA AN, 1F
5 CF &) PHAs & i CDW 1] 48%; Jf H I
Z OB OB AT OBLOA R A R Bk R A R KB
PHAs(mcl-PHA), iX 5 Haloferax mediterranei #iff 5t 45
SREIABAIO), I AT B8 5 % B R AE S A AR A I e
B, Ja S FU AT DUER I % B AR AE €4 PR BT R 0
AL . Grzesiak Z£101E 15 ‘C T, DL 10 g/L N
ME—HRiE, FIF Acidovorax sp. A1169 &% 2 g/L )
PHB, 7 AT A4 i I S )5 T LA G 1.40 g/l K
PHA, 1 3HV HLRLE PHBV 45 & 5 e
4%, J5 S AT KB Polaromonas spp.f1 Rhodoferax
spp J& HIWE & AR N W45 phaC 2 R T HE HAT
£ A PHAS ] fglel,

1.3.2 "B R £ A28 B bk PHAS 8947 50 it &

REBETERR UL R . W1l BRME DR K SRR
AN TR B4 5 v AR K BT I B A M PR v R Tl A=
YIB0, | R & B Delftia acidovorans g FR B fE 15 75
SRR ML A i PHBV, 1 H 1% B kA 1R 5 (1 i1
WIR. RIS HANRRFIENRE ), XA RS H
RS 7E TR M IR B A AP AR KB S 4b,  Acidisoma
silvae sp. HW T2.11, Acidisoma cellulosilytica sp.HW
T5.17 ESLE pH N 2.0~6.5 ({13855 & i PHBBY,

Loo “5BIDL SR #h i I 7E 55 W P 24 58 vp 5 75
Delftia acidovorans, #1532 3HV H{&7E PHBV H
NI I 5 LA 90%. oA X G TR B PR A T Ak
T DRI B B AR AT A R s .

1.3.3 M A A28 B A Ak PHAS 8951 %t

WETRAETE pH=9 B AE KR, BA13RES
A TGRS L RIEEDORRYD . PR IR SR B 2R
DA & B 6 1) L 3 S P PR B, 7R 2R3
ER AT DL IV 22 B B AE ) (RIS v 2
PR Mg ERIE T A . B R R IDLBENS & i PHAS
FRY IR T DA R K8 70 i FL g #h K5 s, 91 Halomonas
alkalicola M2%! I Halomonas campisalis MCM
B-3651°7,

HATRERS & e PHAS IRETRIAEY) K 2 & Mk
Bl A% 7 B, R IR M TR RS R A T M e 1 (P
BEER) . Luo SEPEMEATR AT I T SE, DLALEE
S 15 2] R0 Ak 3 YRR (] A A o £ 4 2 VR A
JEA B PHA R =72 508 5.9 g/l Yue Z50%10) 7 4
WENBIR, 75 pH=10 ROBRPEIRSEH 5597 Halomonas
campaniensis LS21, #4533 [ 4.7 g/L [¥) PHB. it
A W 5T F RS SR T B A8 K B Halomonas
campisalis MCM B-365 H/77F PHB fujf 422, jx ik
RS R AE T AR R B K T2 N & 0™,
W2 2 B W ity R AT AR 9 ORI s e, RORWT DL
FAZRIGE IR, 0% PHAS £ BB PR 1 3630 .

HoAh B i A= 0 £ i PHAS (RIRIF 7035 8 L3R 3.
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Tab. 3 Advances in the synthesis of PHAs by other extremophiles

e

2754 PhaC

BRI

] PHASs 2874 J 7 i 225 3R
i bk it A PHAe LR R %30k
Acidovorax sp. A1169 15 C = = 2 g/LPHB [46]
PHBV
Paracoccus sp. Strain 392 4 °C = 2 [47]
(8.7% 3HB #1 4.5% 3HV)
Pseudomonas UMAB-40 5°C = 2 A L PHAS 7= & f CDW ) 48% [45]
Polaromonas s;;;:)%ﬂ Rhodoferax 14 C A x5 425k PHAS [93% 1) 48]
- PHBV(3HV 7£ PHBV H K45 /]
— H. H.
Delftia acidovorans pH=5 7E 7E 5 Ly 90%) [5]
Acidisoma silvae sp. nov.
Acidisoma cellulosilytica sp. pH=5 & ) & B PHAS (38 11 [51]
nov.
Halomonas alkalicola M2 pH=10N(;,CI7O gL = = 5.9 g/L PHA [25]
Halomonas cﬁrgg'sa"s MCMB " H=9, NaCl4moliL 2 2 PHB [52]
Halomonas campaniensis LS21 pH=10 = 2 4.7 g/LPHB [53]

2 RImSEE R PHAs BEERREF

PHA W& Bl 7 AN IR: 1 % GG R AR
IR BRI SCAS A S P s 5 o [ A A 7 A R 1 A
Mg A, 2 JaiEid PHA & BRI 24 B A SR 6 B PHA.
FIHFTALLE, TR AR S AR ) & i PHA
BRI EEBREA 4 BB, RlR: RS A B
LG R PHB 1818 TR k & BUS1E . p-NEINTR

AMTEI AR LA SRR & B BHV i@ 4% . Adim il

WG R PHAS 1= ZLER A2 401 3 B

TR A B4R B PHB 1% KZ BB T,
scl-PHA = EL@ L Zig a4 . HERY et A TR
WApR, R CBEHEE A, — 0 B A
TE B B0 i g (PhaA) fiE A6 T A2 B L TE L5 I A,
B4 2B 2R A EEEF(PhaB)ib A 3 - ¥
ETHUHEE A T PHA (&P, 5—#8% 4k
Wil A HEN ZRERIGIA(TCA FEIR) i £ KR 1t
AeE, RAMEEIRHIMEAHEG A fEE A STl
TREME G A 4R T ARG A, BATE PHA &
IEH R &k PHABA,

HE W B Mk B g 1% . BRI IR B fe & E
B R PR R-3F2 3L - ACP(BE L 3 A R (), 1%
HE = iE IS 3-FRFE I S A G A FE IR (PhaG) fiE 1k

T4 R 3R ER L 4G A J5 4 PhaC & il PHABY,

3 RumHEME R PHAs B9 EZRRE
Fig. 3 Extreme microorganisms synthesize PHAs major
pathways
B-NEWi R EMAEIR B AZ o Za e IR R s IS B
SAFAC IR A A, ELIIRIEREE A KE
(Phad) FIREAL 1 FI 5 B 3R R R il A e iind
PHA &AL & 1 PHA. 4, IRIEAEE A Bei
Ay 3-TH AR IR 4w e A I BEEESAE A DA
(FadG) 1 Fil 4 Fit 32 HE I S 4 iy A JE 1T 45 1 PHAEL,
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AR, S5 A il A ) £ IR R I 1 R B (14 7 3 * 7

HWIRARE & i BHV 1%, IR AR
PN A, BT LA A & U (ProE) 2 4L
NI A, £ PhaA B p-FHf 7RG B(BktB) AN
PhaB [¥1E F A= it 32 5 R kAl AL,

3 RIRMEYIE R PHAs FIZ IR E =

3.1 NaCl RERE

NaCl 2 4EFF - A I 3 SN2 TR T4 DL K 48
MOfEAR e M E R K. M S, HIE
BEANAN 22 5 Ve 20 Mo BE 1) 52 M, I8 2 52 H A
PHASs 18 857, Wang 251581 5% NaCl i &9 /5 (60~
100 g/L)%} Halomonas sp. Y3 & % PHAS ({540, 45
REIRTE 70 g/L NaCl &, &k PHB HIdR M &
CDW [](74.33+1.88)%. Rodr fuez-contreras 2% [
76 R d 4> B —#k Bacillus megaterium uyuni
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