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Abstract: Polyhydroxyalkanoate (PHA) is a type of polymer synthesized in many microbial cells under the imbalance of
carbon and nitrogen, which has excellent biodegradability, biocompatibility and many material properties. It is a kind of
new biological plastic that can replace the traditional plastic. At present, the biosynthesis of PHA mainly comes from the
microbial fermentation. Other ways such as the transgenic plants and activated sludge are under development. This review
summarizes the research progress of PHA biosynthesis pathways and approaches.
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Fig. 1 General molecular structure of PHA
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Table 1 Enzymes and proteins involved in PHA biosynthesis
and their coding genes

HH Sty (14 it 2 2 1 YEH
phaA B - i GEL/ey
phaB CBE L BEAHTE A 38 )5 HEWE
phaC PHA 4 )it st/ ey
phaG 3-SR A 5T A
phal IR A KA GeL//ey
phaZ PHA fi# 3R it} =Wk
phaP PHA k25 &M Uit
phaR phaP TR E R Uit
3.1 =ZLEMER

2R YR X — AR A U EE PHA, W%
K E ¥ ( Ralstonia eutropha ). F£ K [H &
( Azotobacter beijerinckii ) %538 i W 45 5  PHB.,
W2, BB SR A B AL P A OB R AR 2 Y 2
PEAE A 485 E O BEC BRI A 20, L
LRI A B NADPH O 1) £ 5t £ Bt A I8 )5
Pl e A BU(R)-3-F2 08 T WG A 55 =20, 7F PHA
HEFOERT, (R)-3-FEE TR A PIERRE
A PHB, [RI RS G A2, X — A o
BB Y . RS IA S, Tl kA ke sk
PHA 8 T & e
32 BERnER p-|ALEER

FIFZB AR AT LA A b K BE PHA, AN 2R 5
B ( Pseudomonas aeruginosa ) 433 p-BACEAL ™
AETRRE IR A SRR, WEtE G L PHA 1Y
ORI, SRIGFEIGIEERTTE A KA REIVER T A
(R)-3-:2SLNBEERITE A, Hmilid PHA &R &
HERL PHAR',

3.3 ELERERE

A U FEAFAERA LT8R ( Rhodospirillum
rubrum ) W HFH—H, 5= AR 2
T, OO TG A R (S)-3- R T
BEAG A 25 =2 S, BSR4
PG A KBRS VR T(S)-3- 3L T Bhimg A,
PR B(R)-3- 8 T WA A 55 120, 78 PHA
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4 PHA WG RTTE

A Gk AR B SRR S
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( Pseudomonas ). 7=WsFT 1% )& ( Alcaligenes ). 4
FF#JE ( Bacillus ) L S VEEAT & ( Halobacterium )
SRR B BRI R PHA . A Al AR JEAR AT
VIHSRAE ™ PHA, GU4ERI4A0E . 0. BAIR . A
SRR RS . HRTHEITE IZ ) PHA A= B
FEIEEIE AT (Alcaligenes eutrophus ). [F%
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Table 2  Strains using cheap carbon source and accumulating PHA

Hoh 1253 g/L, BLEM PHA & aAE T4+ &
() 35.63%, RPN Cupriavidus necator
DSM428 1Eh Sy TR bk, 1T 3 I8 A S 2 T Bk
U5, AR FRA R T PHA SR wu il h
7~9g/L, 3 25 T AIHHBEM IR T R PHA
AR

W {73 PHAs /% ESPUN
Ralstonia eutropha HRERE K A=) 56.50 [31]
Comamonas sp. EB172 Fivh ) Heh 73 [32]
Haloferax mediterranei TEM K AR 50.80 [33]
Cupriavidus necator H16 JRIHAR 87 [34]
mutant Cupriavidus necator FRARAZ R I 6~ 80 [35]
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25 65 KRR KA w5 Gy, 24593 70 ¢/L 4+
Il 74%(1 PHB &4, A7 AR F IR 2 —2f 5,

42 EHIEFEE

AR FE TR T B A5 2 00 8 41 K W 1
( Escherichia coli ) &7 PHA By FEHAHY, H
HAEAKW, ZIFERE . TN EH PHA R
SEfi#, 1987 4F, DENNIS Z5U0% i sl st
BEARWAT T PHB A BER, K ARG
W, AL R E A B HOIE R AR R AR R 10 £%, IF
H. PHB P AR o B T 2 M R AT o TR
T 5 L KEERET &EE 32 h, 135009 PHB PRl ik
8.24 ¢/L, PHB &1 il HAMML T 1) 84.6% . T EifH
SR Y — B JE R TR VGL(pTUM ) HhRA
ML 2 WERRR 2L, 4 TR A
5 L WRBERE TR, A ftaNe R EE 60 h, K159
PHB ¥ =35 193.7 /L, K240+ E Y 89.7%.
EHEARKIER D T AR EFER phadBC FEKFI
phaP 3RS, T LRI HHMAE 54 1 PHBM™,
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WL E . 2 60%HF 25 HEAN 30% 0 0,
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W50, fifi 345 T—@& 0 D-AMCIEHRE Jr; Rt
D- ARG E R xvlE (20 F A w bR
D-AHEAC G BE 1, FRAS A0 AL B RE AT A D-AHE,
WA 2 E (1 PHB, R Y9 R T PTS &
G5 B SR IE R —prs G 3 DR BB B, ¥4 LAY K AT
DH5aAptsG/pBHR68 ] LAIF] B | F 22 Pl 264 7
PHB A6 .

BeAh, B S TR A U2 T B
ST A5 L B 25 PHA P17 WANG 251481
AR IS RAS 50 Suld FEA
FH, AR SARE e, SRR 2 (]
Bk, PHA FREEHRE T 27%. TAN W58 i 143
IKYHAE AN 2SI AR 1 MinCD, ffi5Eh EE TDO1
LKAk, Wiz mME LS U, T FiEs
B, [N PHA & 2m s 82%, nfhl, 3
N TREEKRA PHA E45xRE T E KBTI AN
R 1.
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KBRS . AP AR [y
FIFH EAZ R A B R B A TR =8, AT
R RN T b,

POIRITER %052 1992 4E 9 S fekti Yy b i &
B PHB . A TR FHA AR P40 p ST pe g T R ik
ok, AR PHB BURL A0 7R 40 M AV . A A
AR, FARmZRiApEIL &, PHB &
15T HARY 0.14%, H1T PHB JEH A SEHEY)
M54 KR %%, BOHMERT-TATAREV 25053 #x
H S A B A ST TR 8 RN R 2 AT B 3 R Y
Hi, AR PHB & A T E R 17% ~ 19%,
d AR 9%, HT, NP A PHA ©
FEAYD . HRE, MR ARSI R SCE, SRR T
FW AW RN 2B AT AT . {HE PHA B B AT ie
KT KBRS, RS A ) PHA
W%, WIEHFRBATEE . GR0= R0, i
WIERERKET, kR 29 % e 3L A Y A8
PHA YRl AL R
44 FEMISRE

SRS 2R Y, RS Tt
T R B ARIR . S 4lipd R EEMI L, 1S HETE ek A
B PHA ANTFEERKR, BEART REERA, Wb T 58t
s fE R, FESIT, BBz s T A%
7. BENGTSSON 25U HI TG M5 e Ab Bl 4% K
Y PHBV AIGATS U THLAY 48.2%. CAVAILLE
SV 2 W AR, SHEMETS Ve T YL, &P
TR IR R BT R W T LR PHB 1A
o I 2 OLR S A I BN 8 97 SR I k5 U8
HATYIME, 152009 PHA & A5 64%. JIANG 2507
P T — S TS U8 A B PHA [RORRS | 2R 32 50
FHSFOM %t 74 PHA 243050, BET, 160
15U A L PHA BARX R A A H5 By, (H2 151k
WAYESREZR, FEY) PHA SGEAIL, B T R 4845
PRAGAHMERE

5 45 i

PHA J&— A B AL SR 3 P50 W o e
B, R R (B2 H AT A PHA FA,
AT, M RRE AT Ak, 5 0 e s
R TR GTRE5 PHA BOBRD . Pofb & e A

PR A T 2 R BB K AR |« FIUHIG e~
M 2 TR N T B A RIB R X =7
TSR, B PR PHA HYLE A . AR TEAN LAY
ik, PHA bRk AT, R8I 2.
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