X7

£3a®
Bis | — £MARGENENITIEEE

[B] thEE®E (18] A. EiRELLER ER
PRERE EiF

t 2 3 d 8 BEa
B AR S ES R AR O



Y E T F
£ 3a &
Big | — £MARENEN IBEE

[B] XBE&®AE [E] A HiRELEBR &
FRESE EF

t 3 34 88hn
BRAEDREAR SEZRHE R
-t ®-



(=) HBEF 0395

BPEMEKED (CIP) ¥iE

BEE I EYREMEY TEEE™/(BILIBEE (Doi, Y.),[#8] B H L &R
(Steinbiichel, A. ) T % ; BEE 3 Fi#%. —dtL 5T Lhﬂ-‘ﬁliktﬂlmi 2004

(E%Eﬁ? v% 3a #)
4 % B 3C : Polyesters [ :Biological Systems and Biotechnological Production

ISBN 7-5025-5067-4
I.B [0.OL--O%f--Ok-- . ERBE-4£PWER IV.0633. 14
o A B B4 CIP 3B #57 (2003) 48 115538 5

Biopolymers. Volume 3a;Polyesters ] :Biological Systems and Biotechnological Production/
Edited by Yoshiharu Doi, Alexander Steinbiichel

ISBN 3-527-30224-7

Copyright © 2002 by WILEY-VCH Verlag GmbH & Co. KGaA. All rights reserved.
Authorized translation from the English language edition published by WILEY-VCH Verlag
GmbH & Co. KGaA.

21:4%4:1‘5{49%)&33 WILEY-VCH Verlag GmbH & Co. KGaA #2#0 4% Tk i Bt M K

R R 1T
2 IR E VA, RB LU R R 2k B T
R U R EEN G FBICS . 01-2003-0466

EYIESF
Flak
1. |
—EMEBEFENERMTELILES®
[A] km#kE [#) A MRELKE IH
BEE FiF
RS ENE HNLE
XFEHEE: T K
LY. # F
HEiEH: & B

tt % I I H K ﬁ:tﬂkﬁkr

ARAYBARSEZLRHE B W DL

(bR ESH R 35 BB B 100029)
£iTeiE. (010) 64982530

http://www. cip. com. cn

FEBIEIERITHREH
R &Nk BR 3 (T2 &l ED Y
=R RIT
FA 720mmX 1000mm 1/16 Ep# 313{ FE¥ 503 F=F
2004 7 A 1R 2004 4E 7 AJLEE 1 KER R
ISBN 7-5025-5067-4/Q « 80
E H#r: 98.007T

BERmE FELR
EHWAERRT . BT, BHE, FHRTBATER




*

(EM/ ST BIiFEE

f ARER

o
<N

sl

LHEEHATIHER HEAR #R

FARE A (LUBERGEHENF

R

o

M 9L 2E
EM
R F

PERERGWAEN HER TERERKL
HIThA® #FER TEHIEKRKL
PERER IELEDIRARIS FER FE
IEERL

B (UERIGESERF)

MR A

e
A
W
REFR
FR %
x| & A
v
HEM
 BE A

#y # H
A
AER
*AEZE
B A%

LEXBEEHHYARARTS, LHEEHT
Xk HRR HB

HERAFEWRFEHRARR #B& #=
FEMFREGALHR HER FER¥(RKE
FEMEFREEANACERET HER HR
LEXBRERFE #HB H=T
tEXBAFEMRFEEIAFR HAR HE
tEXBA¥LGER #® #B%
LFEA¥EHTHER #8 #%F
WITLA%® #HER FEHIZKRKT
PEAFR LEEAHIRARPS HER TE
TR+

LEBIAFLEHAEEAERE HE #=2
LEEHILHRER HAR
tEEHILHER HER #F
LEEHTILHER HAR #%
LEEHIVHER



u
kR
=
B
)

MBS TEEREEYRENE ST, HNNTRERSREDLE. B
T, £, FERAE%E, SYBATHAHATE, BT FEZR#
BB R . BRI, M. AAER . RGN, TUEH. £
BRE, EESRERETE, AR TAYESFRHES, BRNHRERES, %
MEBOLEY, BEEAFRANEE. Bk, F08 0B X EEAREHE
it & A8,

(W T (Biopolymers) 3 JE IR £ dt WILEY-VCH Verlag GmbH &
Co. KGaA 7£ 2001~2003 EREGE IR A —E AR 2 BB K EE. BEELIH
R4 Y SURB AR I OBF AR, AEHES 108 (RERIH), HII15I%H
SEVEATEEWRIRSTAL, QESLEUEITHRE, HE. 60, 8
B, EESRA, EUESTAESARESTHERS S, PIRERERn
MEMTHES., B BN RS ENEEEILEMN, KAHRAH, 1
BEASHMELEREFBROAEER., BXRERAZ, BHEF, RRH
¥, EESMRE T E TR, SHREHER. EM. H2R. TRITMTS K
BB AR THZEERAMED.

A2 Tl 11 BRI A AR B LA B K MO R —, 3 50 B
KRB, BRITEMELT. K., AWED, FHE. BELT. R, £2. G
Ll BB A R S A, B A AR B2 Tl R AL R R — A B
MRS, BRMIRT k% LMARMOEDRARLXE S, NELEYER
TR E et B AW ARAS) . BANB - E S (B PR H 2

AE), BRABRAREZASEERTLASTEEHIRFLHAAREY (P



HAeyHER&=EEERE) £, IEELEERNLRERTHE.

SN ERENR, MFETIWHREIAA: 51# CEYRFT) FXEBR
B, RREAFFNR, FHSXENEYE ST FORE. BEMEP A HRY
EA. Fr, HEMEEMEATREFIRE L. IEEAHFERA. HAREE. KER
BESERFENEL, HBATEHEEWEE., B, BHRdREMNACHEEK
f£ WILEY-VCH Verlag GmbH & Co. KGaA 5|3 (EWE ST XM, 2%
Tl RREYHERSEGRBEH RSP ORN S LBEH TLFRBEERT X
—ME BRI RIGERR. EEBEHF T LHREMNHBIT, HREERE KT
ERNERT (EYEHFT) BFELRE, HEMFERALSHIART, HEFT HIL1
EREYES FOEBNELAFYEHESEEN IR, IREFAFTFEN-KRIMFL
B, RHEIKEEE, HEEBIEMER. Bk, (A& T PXRKH
BHERD TR EIE.

(YRS PR, X—HREHASHAETEE. FENHRELLH
E®, BEMFFREEHENALE. ENEEE, BRIEZLFEXELES
BEEEWEE, HEPTEHEMEARMNEH. FMHEOFE. ARBRGIEHE KT
BAPETEHERRFNOEREEN. R RAO; REENFEBERERL.

BiE. BEERBAMESEKELEES TILFRBE, {15k T K
SrEIEHATAE, HEARMNUBRBROEEZR T ASKBEENET/E.

b2 Tl H AL
2004 £ 5 H



s

+X

&
|2

20 tE40 70 SEAR LA, A=K B U B AN TR B HE T 2 A TR AR S R A SR
RETHLLS ABEHURR., #FAGHLUE, TR, BEMRE, BAEKFXO
R EEE. ENRE TS, £ A SRRMBEESHFRRN, &N ZKBE
MR gEnfa. BERIT—BEER, BAIEEAB LA AaNHH,
7 B Rt — R B AN R A0 A& P H AR B A AR, FrEl— BB R SE s 27
W, UEFEFh@ERFHOARXERHRR., BRAAEERE,

MEXM, fhFE T HEHERBRALTFAREE VCH (WILEY-VCH Ver-
lag GmbH) 7E 2001~2003 ERR N EBEE (EYWHST) (Biopolymers), Ff
BEEE—AEERKMNMBEFHEXENNERL., FX b, REXERSHKEZ,
TEEMREB T ZHFT. XETFLE: “YEBIAREIFREMHXARAER
i, BEF YRR E R, “SEARMTEY, BRI PN R, BRI AL
EEYEATFHEHRR”, “RBRTEYRFIFRELHRE, RETHEL”, “4
WHEEEE CSDAWET, FEA BER. BAE. HATENULXHMER
HFEERBBAEEE” F. YRMNVWEXERH, BROHEFERZNEZ .
SIARKZH . BRMBERZ LMK T], A LR EZIHBRAFRR.

EYESTFANBEEYERPER, MAREEAEYEARTED I EEH
B CEYRASTY #4108 (RERIB), SHEATIHRBNEYEFF
HTER, AAEBREYER S FHEMMIEBHR. BRI LA RREH—H
FEKNMESETE, AL, BRBEHETHRE., BATNLE. FhhEMT
%, FEENBLEVEHBITARB S THMESE: (nEHTRAEE) . XE
—ERREELHAX -HRMNAGEEHRRRNEN2BANEE, THEHE



XEPHEEBRYS X —HANNAIARFTBRALEHFEEMER, XEHEY
BETEHWEFERAR. B¥, 8%, R, 5900, ga&T L. L¥FTLMg%
Tl TN R MBS TAEEMEX RN KImE, MmiITUNzES
FRIAAGFRLEXNFEL, FHFHBRETHORE, UFHREEEYES T
BREFRFARTERNSHRFR.

EFEBWEELRY, EAREE, RIORTEBRFBEFHONR, HREIXH
EfRR. BE, RTEINGAMATAL LK, L HRRMAHI K,
BEITKIZEMIFEE. B4, WTREZENNBEDZHRN—LBEFHE LR
w, ATEHAMBRE—HNFEL, YELRADSIERE, REEHAREFRET
XEEIER, BEEE R,

A, (EYRLT) BREAEERENEN. AEXEHNWEHREEREEY
BARBINIE . BRI & . BE ARG EEAIFIE RS % 07wk B R e R F
. BB KEENFRE.

BE
2004. 4



Ha
3Z
R
FF

YRS TREMEMHREZE. BXEH. MEadB+ITEE, BEMRHA
HTEREREN, EAZHMEATHRERE. SR EsRENERBES T,
REHUFERANARTREYH > THRAKE. EVELTANEBELEYE
FER, MARZHEDERPETEDRNEZEARRSY . R FREEMESE
RAEARIBHIBRPREESHESENER, ER ML, AYBLTFERER
ZRE. £YHITUTUNREBSARAYE. A0HMBEREMEER, B R
PR EME. MH, ENARRBNERE. BT L SR A i
RFHHT. BT, RGEREARTE. VS FHRXEFEURFH
TEARSIETEERBETEYR S THATBE MBS EGWEBE,
EHAATREN A7 Tl A2 7™ b

g%, REFFMBARWLEZHRELERETREENTEBERAELIWR
M. MH, RESAFZWMERVGTRPE. X8 ERR TR B0 ER ¥ RO R
BAMBMIEH M. XERAEREIFR T, REIVBYHE. HE+ 540 20H
T HERHEEREFARAT (EPFEST) RIEHEPERNL R IE.
REZHEEFTFMEXE W 108 (RERB SRMLCREYRS FHRHEA
MXRE, B, XEBARENER. BN, %K. TERHEMFSHbEsn
METHERFEXGRHE, LRMAINEERTR, EETWAM, TiRMiTeER
G, B,

(EVRST) RREGFHAEERNMG . EFEEHEXE -EROER



L. ®E (EP@RFF) 2B IMAAEIZNFEHEE P+ 05T, RIEFERHE
WILEY-VCH M R E AT, AT AN HBRIZEENXELNTR, HREUEHK
BUHR (EYRESTF) EXE K. RERHEH WILEY-VCH # Karin Dem-
bowsky {8+ #1 Andreas Sendtko {4, I T AR S, BETHEKNH
By, S THEEMMIE, FREETHSNEK. RAESEERMSUEETNE
H, REEBBIEBEBINMLE, FBZEDB2>THEHHEXTE, REE
MR RC T WA RS B RRESEE . Wi, NRFHH R BE
MAERE. AEEERARBEYR ST, FHBEYR S FHEIRMOTRE
DL G HIX 20 4F 3k, fENMAEYS%EMEYBREE, £VES FEROB IS
1 rEL.

EERARAGARARET S, A\ME2XEBLYBFTTHBARELLEYS
B BB ENTEHR, WRATEYET FIFrZA B80S, XEHR
WREEANINEYB S TEMR T, BT, &l . &1 Tl fbis 2455
WA FAMXXE AWM. REENESEIERNTEREREEH SR TR —
B —LEY, GAEXEREEHNMBIFREYE > THOREMRR, WAL
HXEFFREFBOHHE.

i

Alexander Steinbiichel
WP UIR « 87 % B HBUR
(788, #WH
2003. 11



Preface to Biopolymers of Chinese Edition®

Biopolymers and derivatives of them are diverse, abundant, important for life,
exhibit fascinating properties and are of increasing importance for various applications,
Living matter is able to synthesize an overwhelming variety of polymers, which can be
distingulshed into eight major classes according to their chemical structure. Biopoly-
mers occur not only in any organism, they contribute in most organisms to the by far
major fraction of the cellular dry matter. Biopolymers fulfil a wide range of quite dif-
ferent essential of beneficial functions for organisms, and for this, biopolymers must
exhibit rather diverse properties. Biopolymers must also very specifically interact with
a large variety of different substances, components and materials, and they often
have extraordinary high affinities to them. Finally, they must have a high strength.
Some of these properties are utilized directly or indirectly for various applications in in-
dustry, medicine, food technology etc. This and the possibility to produce them
from carbon dioxide or renewable resources, like the living matter is mostly doing it,
lend biopolymers as interesting candidates to the industry.

In the past, I had good contacts to many Chinese scientists, who came to my la-
boratories as postdocs or guests, In addition, I had the pleasure to visit China two
times. From all these contacts I know about the enthusiasm of the scientists in this
country and their enormous capabilities. I am very proud and grateful that the entire

book series is now translated into Chinese language and that Chemical Industry Press

0 FEEFHN (EYRIF) FXMEHFFEKL.



(Beijing, People’ s Republic China) is undertaking the endeavour to publish the
“Biopolymers” in China. The ten volumes of the first English edition of this multivo-
lume handbook comprehensively reviews and compiles any relevant aspect of biopoly-
mers. This book series will be therefore helpful for scientists, physicians, pharma-
ceutics, engineers and many others in a quite large variety of different disciplins, in
academia and in industry, for research and also for teaching.

Biopolymers became in many regards part of my life. Editing the “Biopolymers”
kept my personal life very busy during the last four years after the idea came up to
publish a book series like this. I am vety grateful to the publisher WILEY-VCH for
recognizing at that time the demand for such a book series and for taking the risk to
print the first English edition of the “Biopolymers” in such high quality. Special
thanks are due to Dr. Karin Dembowsky and Dr, Andreas Sendtko at WILEY-VCH
for their constant efforts, their helpful suggestions, constructive criticism and won-
derful ideas. Publishing of this book series and compiling such as large number of dif-
ferent chapters covering all relevant aspects of biopolymers would not have been possi-
ble without volume editors and authors. I am very grateful to the volume editors and
to the many authors for their expertise, excellent contributions and engagement in
this book series. In addition, biopolymers kept also my scientific life as microbiolo-
gist and biotechnologist very busy since about 20 years, when I started to study the
microbial metabolism of polyesters, cyanophycin and rubber in bacteria and after these
biopolymers became the major subjects of my research,

Basic and applied research have already revealed much knowledge on enzyme sys-
tems catalysing biosynthesis, degradation and modification of biopolymers as well as
many interesting properties of biopolymers. This resulted in an increased interest in
biopolymers for various applications in industry, medicine, pharmacy, agriculture,
electronics and in many other areas. I wish all scientists in China, who consult this
book series, that they will enioy reading the individual chapters of the volumes and
that it will further increase their enthusiasm and inspiration to study biopolymers and

to find new interesting applications for them.

Miinster, in November 2003 W\ L/L’\'—\-

Alexander Steinbiichel
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