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Table 1 Comparison between polyhydroxy alkanoates and polypropylene

(T, (1)
/C /C /MPa /%
P3HB 177 4 43 5
P(3HB-co-20m ol %3HV) 145 —1 32 /
P(3H B-co-10mol% 3H H x) 151 0 21 400
P(3H B-co-17mol% 3H Hx) 120 —2 20 850
P(3H B-co-25mol % 3H Hx) 52 —4 / /
P(3H B-co-11mol%4H B) 132 —4 20 700
P(3H B-co-18mol%4H B) 128 -9 10 730
MCL PHA 61 —35 10 300
176 — 10 38 400
: MCL PHA 4mol% C10 +80mol% C8 10mol % C6
3- (polyhydroxybutyratee PHB) PHA
PHB 1X 10" ~3x10° : 2 PHB
55 % ~80%, (Polypropylene, PP) s 5 L,
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Figure2 The products made from PHBHHx (from Isao Noda in ISBP2004, Beijing, 2004)
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Figure 3 The application of PHBHHx in Vascular tissue engineering (A),
Cartilage tissue engineering (B) and Nerve tissue engineering (C)
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Table2 PHA producing and researching companies in China
/ PHA
1996 2000 10 7/ PHB
1998 2002 10 7/ PHB PHBHHx
2000 5 7/ PHB PHBHHx
2000 1000 / PHBV
1998 10 7/ PHB
2004 10, 000 / P3HB4HB
2004
2005 3000 /
2005 1 7/
2005
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PHA . N s
s PHA

PHA
PHA



© 14 - 2011 4

. ,  PHA .

53 Sk -

Lenz R W, Marchessault R H. Biomacromolecules, 2005, 6(1); 1~ 8.

Sudesh K, Abe H, Doi Y. Prog Polym Sci, 2000, 25(10); 1503 ~ 1555.

Ahn W S, Park S J, Lee S Y. Appl Environ Microbiol, 2000, 66(8): 3624 ~ 3627.

Chen G Q. Chem Soc Rev, 2009, 38(8): 2434 ~2446.

Hazer B Steinbiichel A. Appl Microbiol Biotechnol 2007, 74(1): 1~ 12.

Martin D P, Williams S F. Biochem Eng J, 2003, 16(2). 97~ 105.

Philip S, Keshavarz T, Roy L J Chem Technol Biotechnol, 2007, 82(3). 233 ~ 247.

Rehm B H. Biochem J, 2003, 376 15~ 33.

[ 9] Steinbiichel A, Valentin H E. FEMS Microbiol Lett, 1995, 128(3): 219 ~ 228.

[ 10] Doi Y, Kitamura S, Abe H. M acromolecules, 1995, 28(14). 4822~ 4828.

[11] Eggink G, Dewaard P, Huijberts G N M. Can J Micwbiol, 195, 41. 14~ 21.

[12] LiZ JShiZ Y, Jian J, Guo Y Y, Chen G Q. Metab Eng, 2010, 12: 352 ~ 359.

[ 13]  Anderson A J. Dawes E A. Microbiol Rev 1990, 54(4). 450 ~ 472.

[ 14  Dekoning G. Can J Microbiol, 1995, 41. 303 ~ 309.

[ 15  Green P R, Kemper J, Schechtman L, Guo L, Satkowski M, Fiedler S, Steinbuchel A, Rehm B H. Biomacromolecules, 2002, 3(1): 208
~213.

[ 16] Matsumoto K, Nakae S, T aguchi K, M atsusaki H, Seki M, Doi Y. Biomacromolecules, 2001, 2(3); 934 ~ 939.

[17]  Nomura CT, Taguchi K, Gan Z, Kuwabara K, Tanaka T, Takase K, Doi Y. Appl Environ Microbiol, 2005, 71(8): 4297 ~ 4306.

[ 18] Kusaka S, Iwata T, Doi Y. Int J Biol Macromol, 1999, 25(1-3). 87 ~ 94.

[19] Iwata T, Doi Y. Macromol Symp, 2005 224. 11~ 19.

[20] Iwata T, Tsunoda K, Aoyagi Y, Kusaka S, Yonezawa N, Doi Y. Polym Degrad Stah, 2003, 79(2). 217~ 224.

[21] LeeS H,Oh D H, AhnW S, Lee Y, Choi J I, Lee S Y. Biotechnol Bioeng, 2000, 67(2). 240 ~ 244.

[22) ChenG Q, Zhang G, Park S J, Lee S Y. Appl Microbiol Biotechnol, 2001, 57(1-2); 50 ~ 55.

[23] Park SJ, AhnW S, Green P R, Lee S Y. Biomacromolecules, 2001, 2(1); 248 ~ 254.

[24 Jian J,LiZ J, Ye H M, Yuan M Q, Chen G Q. Bioresour Technol, 2010, 101(15): 6096 ~ 6102.

[25] Chen ] Y, Song Gs Chen G Q. Antonie Van Leeuwenhoek, 2006, 89(1). 157 ~ 167.

[26] Ouyang S P, Luo RC,Chen S S, Liu Qs Chung A, Wu Q, Chen G Q. Biomacromolecules, 2007, 8(8). 2504 ~ 2511.

[27]  Doi Y, Kunioka M, Nakamura Y, Soga K. Macromolecules, 1988 21(9). 2722~ 2727.

[28  Saito Y, Nakamura S, Hiramitsu M, Doi Y. Polym Int, 1996, 39(3). 169 ~174.

[29] Berger E, Ramsay B A, Ramsay J A, Chavarie C, Braunegg G. Biotechnol T ech, 1989, 3(4). 227 ~ 232.

[30] Hahn S K, Chang Y K, Kim BS, Chang H N. Biotechnol Bioeng, 1994, 44(2). 256~ 261.

[31] Hahn S K, Chang Y K, Kim BS, Lee K M, Chang H N. Biotechnol T ech, 1993, 7(3). 209 ~ 212.

[32] Ouyang S P, Han J, Qiu Y Z, Qin L F, Chen S, Wu Q, Leski M L, Chen G Q. M acromol Symp, 2005, 224; 21 ~ 34.

[

[

[

o IS e LY B S o S

33] ChenS, Wang P P, Wang J P, Chen G Q, Wu Q. J Biomed Mater Res, 2008, 86A (3). 849 ~ 856.
34 Li X T, Zhang Y, Chen G Q. Biomaterials 2008, 29(27). 3720 ~ 3728.
351 Wang Y W, Yang F, Wu Q, Cheng Y G, YuP H,Chen J G, Chen G Q. Biomaterials, 2005, 26(7): 755~ 761.
[36)] Wang Y, Bian Y Z, Wu Q, Chen G Q. Biomaterials 2008, 29(19): 2858 ~ 2868.
[37] Yang M, Zhu S S, Chen Y, Chang Z J, Chen G Q, Gong Y D,Zhao N M, Zhang X F. Biomaterials, 2004, 25(7-8). 1365~ 1373.
[38] Qu X H, Wu Q, Zhang K Y, Chen G Q. Biomaterials, 2006, 27(19). 3540 ~ 3548.
[399 Qu X H, Wu Q, Liang J, Qu X; Wang S G, Chen G Q. Biomaterials, 2005, 26(34): 6991 ~7001.
[40] Bian Y Z, Wang Y, Aibaidoula G, Chen G Q, Wu Q. Biomaterials, 2009, 30(2). 217 ~ 225.
[4]] ChenG Q, Wu Q. Biomaterials, 2005, 26(33).6565 ~ 6578.
[42)  Zhang X J, Luo RC, Wang Z, Deng Y, Chen G Q. Biomacromolecules, 2009, 10(4); 707 ~ 711.
[43] Wang SY, Wang Z, Liu M M, Xu Y, Zhang X J, Chen G Q. Biomass Bioenergy, 2010,34 (8). 1216~ 1222.
[44 Ren Q.G mubelnik A, Hoerler M, Ruth K. Hartmann R, Felber H, Zinn M. Biomacromolewles, 2005, 6(4). 2290 ~ 2298.
[45 Yuan M Q,ShiZ Y, Wei X X, Wu Q, Chen S F, Chen G Q. FEMS Microbiol Lett 2008, 283(2). 167~ 175.
[46] ChengS, Chen G Q, Leski M, Zou B, Wang Y, Wu Q. Biomaterials, 2006, 27(20): 3758 ~ 3765.
[47]  ChengS; Wu Q, Yang F, Xu M, Leski M, Chen G Q. Biomacromolecules, 2005, 6(2): 593 ~ 597.



[ 48  Zhao Y;Zou B,Shi Z'Y, Wu Q, Chen G Q. Biomatenals, 2007, 28(20): 3063 ~ 3073.
[49] Kashiwaya Y, Takeshima T, Mori N, Nakashima K, Clarke K, Veech R L. Proc Natl Acad Sci U S A, 2000, 97(10): 5440— 5444.
[50) Zou X H, Li H M, Wang S, Leski M, Yao Y C; Yang X D, Huang Q J; Chen G Q. Biomaterials, 2009, 30(8): 1532~ 1541.

The Development of Chinese Polyhydroxyalkanoates Industrial Value Chain

WEI Xiao—xing"’, LI Zheng-jun®’, CHEN Guo-giang® "
(1 Department of Basic Medicine, Medical College of Qinghai University, Xining 810001, China;
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Abstract: Polyhydroxyalkanoates (PHA ) are polyesters synthesized by a variety of bacteria with
diverse structures. Because of the similar properties to traditional plastics, PHA have attracted
attentions as novel biotechnological products. In addition, PHA are bio-renewable biodegradable and
biocompatible. This review focuses on recent developments on PHA production and applications,
including the fermentation, material characterization, derived products of PHA, extraction and
purification as well as the status of PHA industry in China.
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