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FREERBRATURA LSRN EAEENEN LY RERY, FRLEB AT EGOBENERENLE
SRPEEE SR, AT AR N SE R SR AT R D TR A R BT . RS SR THREERRMEA ML
W BB RRNE BEFRAREN -, AXHdARBEYRESUTEEEERBRENER A
ML KBRS NERIT THR, RN T - FREE AT RATIL M,

¥giE MHEERERARG, SHENAKRE, LYe R
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REAFES (936 THEiRIRE C
MO s a e p B L R RN A ES —#,
BEMARDSER A KNSR BERANS AT
hEEE) B ¥ 3 55 & 8% ( Polyhydmoayalkancates, PHAs, B 1), fE
HENE - BERES . RTR PHAs TP ) 2 I 8 L2
ET TS 1y — 5 7T KR 44 1 00 £ L B 8 1E X BRI i ik
EAELME RSN URENFYRETEMN . &5
Wik CRAELE O RB(EERAE MM EBITE
B PHAs, 4 8 AR R4 2 H 88 B ( Ralstonia ewra-
pha, B Alcaligenes ewrophus ) 1 £ T B B8 M2 B ( Preudomonas
oleovorans ) . B & 0T U L8 & PHAs shon-chain-length PHAs,
scl-PHAs) ™, Hoob 88 B4 32 #F §9 30 PHB( Polyhydroxybiutyric ac-
W) ;1 i # 0T LA & i 9 58 PHAs ( Medium-chain-length PHAs,
mel-PHAs) . PHR WAL WA A W T F EmMEK. 8 —,
PHR FIH S AR BE H A TEA 200CH 24§, M- RE
SEMBEAEE. B . PHEAWME ARG T . FHEALRES
T, '9 scl-PHAs # Lt . mcl- PHAs EEGRAREEER BE
B MBI E, AT TERTRENSXERRA
— P MTTREER I B, if® mel-PHA: ST ZE PSR A
AEHFAREERAMEEL TEHE RO HE EERR
P

O—C—C—C—0
H, H
]
B 1 PHAs FE5 M
Fig.1 General structure of PHAs
scl-PHAs ; carbon chain length of R varies from 0 to 2; mel-PHAs: carbon

chain tength of R varies from 3 to 11

W A 87 . 2001-02-26, 5 B H 1 :2001-06-09.
» EIEE.

K E K A T (non-natural ) mel-PHAs (8 1), X 4 A T mel-PHAs
BAUAFERMERELURERAEBELEE , AMER
REFIRTEE ™ (% 2).

1 HAHEGAFERALERREHL

mel-PHAs TEME L EKHEBRF AR EPEEREL
WEMEET . 7 Peudomonas BP UG HFHERER
4 PHAs OBk L 200 P olevorans, lb 57 ERIBERER
ﬂ@@(}).pmﬂa)u&ﬁﬁﬁﬁimﬁ(i).aemginasa)?if.'gmm
BT Pseudomonas B rRNA [ B4 1{rRNA homology group 1).
Heap Popuwide ERRAKBBIMESEYHE L P. oleo-
vorans BREH BEERIBAELIBEASREEME O
P . putida . P . aeruginose Ao UHMAGEHEHEEDAE
A B mel-PHAs, Rl PR3 8 . Klinke FRA L HEE T RBH
FE, RHEMAM E. coli #157 mel-PHAs AT, X —FEM
FEABE L F. ol PG A mel-PHAs 5 REBE L R K
HMEEN ARNEEAERMKEIRECREEHELICE
& 1 mel-PHAs 2 3-8 1 B7 75 BT 04, BCRE BE 7T LA A B U M Bt
EMHBERY P AR mel-PHAS .

HF mc-PHAs A SR EAHTENEARBKET
BT UM EF T RAEDAEEERAMEHER &
EBR LR T DR, mel-PHAs T 28 7Y Bl oK 15 0] LU
PUEfa] B, SR, mel-PHAs EH A BB EHURTESR
BEAE,

KF P oleovorans 1 mel-PHAs MY LRI, F X
BI M P . oleoworans £ 814 1, mcl-PHAs B9 ¥ 55 0L . £~
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1 ZBRTHFEEHEN PHAs FHIRE
Table 1 Monomers found in different structured PHAs

3-hydroxy acids 3-hydroxy acids 3-hydroxy acids Other than 3-hydroxy acids

3-hydmxy acid

( unsaturated ) ({ branched } { substitued sidechain)
propionic 2-butenoic 2-methylbutyric Cyclohexybutyrie 4-hydroxybutyric
butync 4-pentencic 2-methylvaleric 5-phenylvaleric 4-hydroxyvaleric
valenic 4-hexenoic 2 ,6-dimethyl-5-hepenoic 7-fluoroheptanoic 4-hydroxyhexanoic
hexanoie 5-hexenoic 4-methyl-hexanoic 9-fluorononancic 4-hydroxyheptanoic
heptanoic 6-heptenoic 5-methylhexanoic 6-chlorohexanoic 4-hydroxyvaleric
octansie 6-nctenoic 4-methyloctanoic 8-chlorahexanoic 5-hydroxyvaleric
nonancic T-octennic 5-methyloctanoic 6-bromohexanoic 5-hydroxyhexanoic
decancic 8-nonenoic 6-methyloctanoic 8-bromooctanoic malie
undecanoic 9-decenoic 7-methyloctanoic 11-bromoundecanocic
dodecaneic 10-undecenaic 6-methylnonanoic 7-cyanheptanoic
tetradecanoic 6-dodecenoic 7-methylnonanoic 9-cyanonanoic
hexadecanoic 5-tertradecenoic 8-methylnonanoic 12-hydroxydodecanoic

5, 8-tetradecenoic 9-methylnonanoic succinic methylester acid

5,8, 1 1-tetradecenocic
4-hexadecenoic

4, T-hexadecadienoic

adipic acid methylester
suberic acid ethylester
pimelic acid propylester

sebacic acid benzylester

¥2 PHASHEBHESOSE
Table 2 Properties of PHAs and polypropylene

Value for”
Parameter
P(3HB) P(3HB-3HV) P(3HO-3HH} Polypropylene
T./(C)" 177 145 61 176
T /()" 2 -1 - 36 - 10
Crystallinity/ % 70 56 30 60
Extension to break/ % 5 50 300 400

“P(3HB) : poly(3-hydroxybutyrate } ;

P(3HB-3HV) : poly ( 3-hydrexybutyrate-co-3-hydroxyvalerate) containing
20% 3HB;

P (3HO-3HH ) : poly ( 3-hydroxyoctancate-co-3-hydroxyhexanoate ) con-
taining 11% 3HH;

b T, :Melting temperature; ° T, :Class wransition temperature

BEMBAT 3 mel-PHAs £ & B MY JE £ I E 17 45 0F
LB AEARTHEMXREATREHLSE,

2 P.oleovorans & & mcl-PHAs # 4 &

de Smet % F 1983 £ HWME T P. oleovorans ATCC
20347 LIE EHMENREN ., TUARERXHNEYE 3-8
F3E B8 B (poly-p-hydroxyoctancate) o P . oleovorans ) Bt ¥ E ¥
HEJDR RSB mel-PHAs MKW R . A ®REK
EH6- WHNEEE BB . EA8. RS (X
3P BARE LG, P oleovorans B ¥ E b 60 B L E#
Bk 4 i B mel-PHAs ', P. oleovorans & B mel-PHAs B 5
Sb— B EFSRTLEERAS R EHEK mcl-PHAs, B
FEAXMBRENIXERBAGMESER MEL B X

# 3 P.oleovorons ¥ i FEEWE K mcd-PHAs [ B8
Table 3 Composition of PHAs accumulated by F . oleovorans
from n-alkanes, alkanoic acids and n-alcohols

Carbon PHAs 3-Hydroxyacid monomers/{ mol% )
source (%, wifwt) G G G G G G C € G

Alkane

Hexane 2 83 i2 5

Heptane ‘o114 2.5 97.5

Octane 25.3 11 89

Nonane 24.3 2.3 40.6 55.7

Decane 21.9 11.1 65.8 20.8

Undecane 14.3 23 63 14

Dodecane 5.8 2 31 36 31
Alkanoate

Hexanoate 5 3 <1 72 22 3

Heptane 22 T o<1 8 <1 7

Octanoate 41 <l 1 6 75 17

Nenanoate 49 3 <1 20 5 T2

Decanoate 37 <1 1 7 44 47 <1
Alcohel

Octanol 15 6 91 3

Nonanol 33 27 73

Decanol 6 63 37

BE EREEZ(RAEN", 5EHEH P. oleovorans § 1
B mel-PHAs( natural PHAsY A . . & B 8 B 89 PHAs{ non-natural
PHAS)TTRE R EMME B LA ERNERACEE . NE
3-B 3 5 Z L8 (poly (3-hydroxy-5-phenylvalerate ) ) [t 35 3§ 4k
RERE VC. 2EMNARENKEET P. oleovorans ] mel-
PHAs R R ™,

© HERFRHMEMHRAATIKSHEES  http

//journals. im. ac. cn



5H

OB MEARTRARERRMET AR

487

WREER, Y P. oleoworans EURSHREBESE K
B L& K mel-PHAs B HER AR FHAKTMRES
BEVWLEBABFEPHHASIEME.

£4 B P.oleovoruns &R 3T B EHEHM mc-PHAs
Table 4 mcl-PHAs production by P. oleovorans grown on mixed
substrates including different functional groups

Carbon source met-PHAs content  mel-PHAs with functional groups
(mol : mol ) (% ,wifwt) units/ ( mol/ % )

NA®:PA"(1:2) 31.6 3-hvdroxy-phenylvalerate . 41.6
6-MNA®; sodium bu- 132 methyl-3-hvdroxy-6-methyl-non-
tywate{ 1:1) ' anoste , 64

SBRUAY:NA{1: 1) 13 Brominated umits®,25

b 5. phenylvalerate : ¢ §-bro-
moocianoic acid; ¢ B-bromo-3-hydroxvectancate { BRHO ) and 6-brome-3-
hydroxyhexanoate( BRHH)

* n-nonanoic acid; * 6-methylnonanoic acid;

fatty acid oxidation
pathway by P oleovorans

o)

acyl-CoA ¢
-
| /wt/vv\/“\
E S-CoA

3  P.oleovorans 4 i mcl-PHAs & #. %I

HE2ALEY, P. oleovorans & B H mcl-PHAs f L {E
EEBRHFEFNMERA ENLE REMNBRBERES
FeEH R HEEN 246 TRETF. XEBH®EP
48 mel-PHAs 1, = G SR B8 X (2)
mel-PHAs B & MR N SR M E AR M IEN B EIER
WEESZ(mE2 M) " W EBEENR. BT
DG - fAL MR E S S MR TTRTH mel-PHAs i (K
HERBE,FLUM TSR ml-PHAs BB R EW, —F
ENSUEBOTAELEYN. ARERANTEREEEAER
g, 40 P. putida . P. aeruginosa ZHMEEEBER
R mcl-PHAs Fig 1 X MBS — BB M de novo BTG
12,38 %% (de nowo fatty acid biosynthesis, B 2 M)  Z @R B
KESER BETHUAFRHEENED(NEHES) SR
PHAs .

oleovorans

de novo fatty acid
biosynthesis pathway
by other Pseudomonas sp.

malonyl-ACP

ketoacy 1-ACP enoyl-ACP

fatty acid biosynthesis

enoyl-Cod
' 5-3- hydmxyacyl-CnA hydratase
; ] PhaG
' epimerase
, OH ©O
, n $-CoA \ W
1) -
: Iketonacyl-CoA ketoacyi-Co n S-CoA
b reductase R -3-hydroxyacyt-CoA
[y 2 S
o Phac
)’L S-CoA mcl-PHAS
acetyl-CoA

B2 Pseudomonas &, mcl-PHAs W5 %

Fig.2 Biosynthetic pathway of mecl-PHAs by Pseudomanas ™

P. oleovorans Fl F 4 B, mel-PHAs 9 3£ H T E £
phall . phaC2 . phaZ , 3% 3 F BB 5 56 8L 7T 3 B T 4E 32
{Opening reading frame, ORF)ORF1.0RF2 .ORF3,# 4 545 2
#mel-PHAs ESMUL R L B mcl-PHAs B E M, L ENHR
M. 25 mel-PHAs SN ER K LR TE S T ORFa Pl
pheD X Fh R DR B mcl-PHAs A BE X. BN phaD 8K
MP oleosorans R A B S H, mel-PHAs HEE HB B TH, B4
HH 2 M5 mcl-PHAs & 1A X A3 18 : phaF | phal ,3X 2 Fp 2

H4& 5 mcl-PHAs $8 B2 30 &5 &
GAP, phasin) PhaF Ll & Phal, PhaF £ 2 phaCl FHHEMAET
BT 3)" ., Solaiman $ESHH T —Fhth A BN
mel-PHAs & MENBFE™ .

# phaCl.phaC2 FaF%H 2 ff mcl-PHAs BB L HNES
B C2,5r TRr5462.4 kDR 64.5 kD, Fl G814 6.53
F9ss, Z2HMEAET B2 REMFHNHELES
75.9% M0 337 ~ 492 BEABFFIMAELME R 73.5% , FHXK 2

& M ( Granule-associated protein,
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BEEBIFT Y R, ewroph 1) PHB RS MR HEMBE X
57.4% % 60.0% XML R ZESESMAOELTHES
UL KRN IR G RS SR EETT L S Ak mel-PHAs (G 5
ML BB R, PR RS OR R R 9 A E R R EE,
mel-PHAs B8 Cl 7 @R {58 5 B mel-PHAs PN
Fomcl-PHAs BA M C2 M 2 57 . mcl-PHAs B MM
TE =X 3 B 4 B 7 HH mel-PHAs B K .0 B9 mel-PHAs BUEF
ENEHEER A EBEA N E A E S, M5t P HT me
PHAs & BB, B4 8§ A1l mol- PHAs S8 22 B A9 A E X
EHEAHBAKME R, I AHEETE mcd-PHAs R LM ES
BHEHELYARFENEIRESHSEE. IRELN
LHRAIEERENEIRENEEAR TESBEE P LSRN
3

EcoRl Xmnl - Gmal

Clal

Aspyig EcoRl

Nerul Xmnl
YN

phaCl phaZ phaC2  phal) phal’ pha!

3 P.oleotorans BY mcl-PHAs & i ¥ v

Fig.3  Pha loci for mel-PHAs formation in P, oleovorans -+

H 873+ mel-PHAs R B TF 558 0, A\ ORF3 B ™
P EERME -, XE—FIEEY . B L,
mcl-PHA: B &M WM EM GAP 5 mcl-PHAs F 82 2 ] 1 15 F
NEBHN EAMTXEEEANAEEENST . A
* PHB G R L BEBTHERSABREFM L
. A HAsAEREA mo-PHAs IS ARG ETEE
FARPLR AN E R T W 2R o B R T mcl-PHAS
RMEEM AU E mcd-PHAs WA =R

W EW ml-PHAs FEME DN TR HER T 5EY
WHEH L FRRAMNRETAX.

4 mcl-PHAs W A B8 5 £ &

ETHAEYAMPHA RATHENEREERZAER
B AR P oleovorans 4 7= mel-PHAs t1 W 7€ BR 1 5
HAENFRET. AREH, AR E L ARRNIEHR T mcd-
PHAs ORISR 0 50 vl P14 H0 T B AT 31 9% 70 199%™ . {HR
£ P.olecvorans {LE KABRDPHEHE & . EFERELMLS
HEFH mel PHAs LR ER TR AR . K BN THERL
B S PETR A B B s 1 2 E 8 mel-PHAs i —Fh 4 4F W
FE, BL L ERMECEREEZMNMET BReENf
HEE AT UESARGE £ AR THEREESER
mel-PHAs 728 . MR L H BB L, 8 E 0 BH e
{28 40 & W mel-PHAs ™ . BT UL, P. oleovorans TE 4y F¥, mel-
PHAs H B EMTERIEL -T2 RO TFRITE:
ESHMITAREE MESHNEHEXREEE.

P . oleovorans A BEE 7 mel-PHAs it , A 85 Fl FI B R 41
(W) F AT mcl-PHAs 9/ R, W HBERA AR L&
B HPBENEDRARKRE(ZERER F8 R
) FLAXTRER & B mel-PHAs A =R A B S AR
2= BTH B E AR B AR Y A AR

HE AR, AT, B X BRI 8 PHAs RRA
BHGHRERKEE?™ . B HT P. ceruginoss RAHH
EFHREEE OGN mcl-PHAs HE D AR E2REZN
By PHAs B & M2 4 5| A P. oleoverans ATCC 29347, DSM
1045, DAHAGx 2 PR B R 98 B A BT3B 0 IR mel-PHAs R 8B
HERBERERD. ZTERERNHK P olowrans ATCC
29347 R F — AT LISE AL de novo BERTAE S BB B P A BB
BS P.oleovorans DSM 1045 B B A L8 . HFBE mel-
PHAs & REM ™ . b Friedrich 54 p- RSB EEUR o
IBHMARTEMEERS A ncd-PHAs B4R CLLAIER
A T FTE DU F 7 (Bispecific) , B 5 of #M -G,
AR A C-C (WIERHFTAY) " AT EERSE P.
oleovorans A~BE 1 #8 M i %5 88 & 1 mcl-PHAs BIERE,
MBECEANERES &, AT RERAERERN
FRURERMAREE XN T FERER LS ncl-PHAs B
SWHGE. AOMHERRET. HA mel-PHAs HIE R R
B 37% MR ARE T, a0 R e R % 0% fR B A0
B AT LLXT A 4 B B M A B A Ay i AT IR B B . Pren-
sting F R BL,TE P. oleovorans Z BT R P, L1 5 Ao —
BB R R E IR, 31 0 B (NH, C1) B 3 B 2 47 L 41 I, 30 b L
FEAE L B 30T LR SF 200 ~ 300 h, 3F BB AT R P A RAS
FEFEBR R mcl-PHAs BIBES) ). BUPY mcl-PHAs MY TR EHE
MME K EFMAEL MYFEEFEA 009 L AT 0.46
h™'8f,mel-PHAs SHMIE T EM 40% B £ 8%, 1 YHBX
F30.20 h™'Bf , mel-PHAs B9 7=4 % 0.17 g- L' -h ', B K
BBk, AXBEMAT, Y HEEM 1000 J/min BRAH
1800 t/min, %% % Fi B A 200 ml/min 32 5 B 550 mL/min B}, mel-
PHAs 94 PR LB AT LA S 0.58 g- L' -h™""™ . Hazenberg
S{EUCERE bW T O T A B S o B S B R
BE.PI4% mel-PHAs IZAETR M 0.58 gL' -0 ' i — FH R T
0.7 gL' h, MINEHRTEFEREA T ERSERN
W, AT % B 4 B T o PR A S A W R R
Duner™s Xt AL # FE B 4 (5% . 8 ) (dual nutrient limits) L BB E &
##F P.oleovorans K BEF L4 7™ mel-PHAs 3 9| H#H T THE

T(E). FAMMLE P EWHRE NI ORISR T, R

Ne BHEATE, MBTUEHRBEORMET L TEREERN
CoiNyo AT I, D ERH XN, BN mel-PHAs BLRR
BHEK, EARAMESET,MA mcl-PHAs BB R AR
BEMBAMED LMAEEERO WV MH S
BREEROAL' BN 21%. BEESESY, mel-PHAs + &
BRI SEARRRF 3B RO RS - B TRME
FHEBRN 1288, REXMHERMNBEXAETFIURER
E4rE&F ATUEEFBHREZFEREAR MEBE
KW ml-PHAs #F A B, M EEFENERWEHREHR
fH. EHit, BE R X 6§ 35 B3 B 3 I E Ml A mel-PHAs B
MEL MUATBERWEHEEXREOBFRREN (A
4)[33]D

& i mel-PHAs /E 7= iR EE R A9 5 4 — 1 R &, 5 PHB
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Nitrogen-limited
growth zone
Dilution
Tate

Crual-nutrient
limited growth zone

Carbon-hmuted
growth zone

Cy/ Ny ratio feed medium
H4 P.olectorans ERBEURTNHAEREE
BEEGTHELRER
Fig.4 Illustration of P . elestorans growth under single-

or dual-nutrient limited growth conditions

M mcl-PHAs A M B R BB A (FE RS2 80%),
WA 58 20 P B0 R A B 5 R 3 mel-
PhAS 5 BEWG R FT 6 £ 9 2B 1R B4 5 00 B MR 5 M
BN 17 AL 52 4 70 5 o T 99 8 5 40
B

5 HAE

15t X 5 v, BRI 4t & 4 7= PHB #1 PHBV & PHAs &
PEETE AR, OR{B36IC L T T &R . PHB A%
FRARERSEFEHEEER VRIS, BB § o~ TR A
REGA], AXFAHRT FROMEDERNERERE .,
REES HRERTZ M mel-PHAs RS+ EHE
BEL ARARAED WEAERE ILETH, FEq
R AR

L RAKBRREEHTEVERNED RAEM
EEBESTH XKW S M mel-PHAs;

2B E R REE ST AW mel-PHAs DUER & H
[ ]

AR REASEME B mel-PHAs, B TH
EEH mcl-PHAs RS FMER AETHEETIHKES
$ri 7 £ B AN onf 22 B A RE L T LA 3K 81— Fh el & A AT S
AEEEAMBESHRETFEELH;

4. WHF 5 mel-PHAs & B HLH LA B R BE R AT th &, i
REHBRASROWESE, RNMTLUNAESEN SRR,
REBSBERNERXESTBRAT;

5. B mel-PHAs IR T 2B H R4 THF. HWHAEE
AR PERES UERRAE AL RARESE,
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Progress on the Biosynthesis of Medium-chain-length Polyhydroxyalkanoates
by Microorganisms
YAN Qun LI Yin CHEN Jian® DU Guo-Cheng
{ Kev Laboratory of Indusirial Biotechnology , Miristry of Education , Southern Yongtze University, Wuxi 214036, China )
Abstract  Polyhydroxylkancates{ PHAs} are a class of polyesters produced as reserve materials by a large number of microorgan-

isms under metabolic stress. The most fascinating feature of PHAs is its degradability, and which is supposed to take place of the
traditional plastics made from petroleum in the future. PHAs are divided into two classes: shori-chain-length PHAs( scl-PHAs)
and medium-chain-length PHAs. mcl-PHAs is more welcome owing to its more wide crystallinity and higher extension to break
than scl-PHAs, especially when some kind of new functional groups were incoporated into the side chain of the polyester. Since
Psedumonas oleovorans is the most typical microorganism to produce mecl-PHAs, here the author summarized how P . sleovorans
synthesize the mcl-PHAs and the production of mcl-PHAs by fermentation and give some of the idea about the future research of
this field.
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