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## 5272541623 : MAJOR INDUSTRIAL MICROBIOLOGY

KEYWORDS  : Bacillus megaterium P-12/ POLY(3-HYDROXYBUTYRATE-CO-3-

HYDROXYVALERATE)/TWO-PHASE CULTIVATION
WIYANAN MUANGKAO: PRODUCTION OF POLY(3-HYDROXYBUTYRATE-
CO-3-HYDROXYVALERATE) BY TWO-PHASE CULTIVATION OF Bacillus
megaterium P-12 IN A FERMENTOR. ADVISOR: ASSOC. PROF. SONGSRI
KULPREECHA, Dr.Eng., CO-ADVISOR : NUTTHA THONGCHUL, Ph.D.,

160 pp.

This work aimed to investigate the production of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) so
called PHBV by the two-phase cultivation of Bacillus megaterium P-12 in the Basal Culture Medium (BCM)
in a 5 L fermentor. The maximum dry cell weight (DCW) of 5.15 g/l was obtained at 12 h while the high
specific growth rate of 0.29 h™ was observed at 6 h cultivation. The 6 h inoculum culture of B. megaterium P-12
in the shaken flask was inoculated into the 5 L fermentor containing the culture medium with sugarcane liquor
and urea as the carbon and nitrogen sources, respectively in the initial phase. The effects of the inoculums size
and the initial sugar concentration in the sugarcane liquor on cell biomass production were investigated. It was
found that with 10% (v/v) inoculum and the initial sugar concentration in the culture medium of 30 g/l, the
highest cell concentration of 14.79 g/l was obtained at 6 h cultivation. Further increasing cell biomass was
observed when increasing the urea concentration in the medium. At the mole ratio of carbon to nitrogen (C/N
ratio) of 10:1, the highest cell concentration of 19.07 g/l was achieved at 9 h cultivation. PHBV production was
induced by an addition of the mixed carbon sources including sugarcane liquor as the 3HB-generating backbone
and sodium propionate as the 3HV-generating backbone. When the mixed carbon sources containing 9 g/l sugar
and 4.5 g/l sodium propionate was added into the fermentor after cultivation for 6 h, the highest concentration
of PHBV of 4.67 g/ corresponded to 23.01% (wt) with the 3HV mole fraction of 17 % (mol) after further
cultivating for another 9 h was achieved. The copolymer production by this method was about 4 times higher
than the conventional technique when sodium propionate was added initially (the obtained PHBV concentration
of 1.27 g/l with the corresponded 3HV mole fraction of 25% at 12 h cultivation). The obtained copolymer was
subjected to separation and purification before characterization. It was elucidated that the melting temperature,
the glass temperature, the tensile strength, the % elongation, and the elastic modulus of the extracted copolymer

were 162 °C, -0.9 °C, 41 MPa, 2.7 % and 2.4 GPa respectively.

Department : Microbiology

Field of Study : Industrial Microbiology

Academic Year: 2011 Co-advisor’s Signature
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AN 2.1 MITWUNFUAVDINAIAANTININ (Luengo HAZAVE, 2003)

Classification of microbial bioplastics according to different criteria.

Biosynthetic origin

Chemical nature of the monomers

Monomer size

Number of monomers in the

polyesters

Type of polyesters accumulated by

the microbe

Natural bioplastics: those produced by microorganisms from general metabolites (i.e. PHBs
and aliphatic PHAs).

Semisynthetic bioplastics: those that require the addition to the culture broth of some
precursors that cannot be synthesised by the microbe (i.e. PHAs containing aromatic
monomers)

Synthetic bioplastics: those polyesters that resemble the natural ones but that can only be
obtained by chemical synthesis (i.e. synthetic thermoplastic polymers)

Bioplastic containing aliphatic fatty acid derivatives: saturated or unsaturated (with double
or triple bonds) monomers; linear or branched monomers; substituted or not (with functional
groups in the monomers).

Bioplastics containing aromatic fatty acid derivatives

Bioplastics containing both aliphatic and aromatic fatty acid derivatives

Bioplastics containing other different compounds (e.g. poly-g-glutamic acid, poly-e-L-
lysine, poly-b-L-malic acid, polyglycolic acid, cianophicin)

Bioplastics containing a short-chain length (scIPHB and derivatives sclPHAs; C3—C5
monomers)

Bioplastics containing a medium-chain length (mclPHAs; C6—C14)

Bioplastics containing a long-chain length (IclPHAs; >C14)

Homopolymeric bioplastic: a single monomer is present in the bioplastic

Heteropolymeric bioplastic (copolymer): more than one monomer is present in the
bioplastic

Unique (a single bioplastic)

More than one (mixed bioplastics)

FUAVOINOUDINDS

o o J ' I
FULUNANUITUIUANTUDU umaamﬂu 2 ‘]Ji%tﬂ“l/l

1. Short Chain Length (SCL) N1 U0U 3-5 82AdY 135U Woa(3-lanTen®in

a a I
Mse) woa(3-laasensinaoisa) udy

2. Medium Chain Length (MCL) H$143UA3U0U 6-16 D2A0N 191 Woa(3-lanTen

a I
Fanwe Tuen) woa(3-laasendoonas Tuweea) udy
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AUMIduAs1zd PHA natewiia uanannu llawsiavesgaunsd @waasluaisiei 2.1)

{ @ J a 2 o
Iﬂﬂﬂﬂﬁg‘ﬂﬂuﬂ1iﬂ'\1lﬂi1$WVI']\T%’JE‘I']W?H?JW?E‘ILﬂﬂsﬁullﬁjﬁﬂﬂﬂaWﬂﬂﬁg‘U'Juﬂ13 (ﬂﬁllﬁﬂﬂiuﬂWW
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f2.1 as1ed 2.1) nszuMsduAsIERIUUR 1 Readeiueulsivdn 3 aiia Ao B-
ketothiolase, NADPH-dependent acetoacetyl-CoA reductase L& acetoacetyl-CoA reductase Tag
# PHA synthase AN IAYBY  phad, phaB Wag phaC ATz I Y Ralstonia
eutropha “lummz@mﬁ’uwuﬂﬁzmumﬁﬁlﬁ@%mjmumﬁu A9 NITVIUMTEOITAIWUYDI PHA
(PHA  degradation) G? Qﬂ?‘UﬂiJIﬂ giou o] PHA depolymerase, dimer hydrolase, 3-
hydroxybutyrate dehydrogenase, 81  acetoacetyl-CoA synthase ATEUIUNIT fzwﬂu
Aeromonas hydrophila, Pseudomonas stutzeri, R. eutropha, W Pseudomonas oleovorans
(Sudesh ttazaate, 2000)

ATLUIUMIFUATIEHLULA 2 AerTeerumslFnsalusiy (fatty acid) mmiﬁmﬁg
HIUNTZUIUMITN00NFATU (B-oxidation) TaowganniAanszuums bz 1dnansaemiy
NIRITUVEINIFUAIZH PHA i 3-hydroxyacyl-CoA tariimsdunsiey PHA lagld
rou'laya] 3-ketoacyl-CoA reductase, epimerase, (R)-enoyl-CoA hydratase/enoyl-CoA hydratase I,
acyl-CoA oxidase (putative), and enoyl-CoA hydratase I (putative) ATLUIUMITUATIZN u:uuffi
WU luMIFUATIEH medium chain length (mel) ¥30 Ianedmueos 14 (R)-3-hydroxybutyrate
(R3HB) 48 (R)-3-hydroxyhexanoate (PHBHHx) U403 Pseudomonas putida, Pesudomonas
aeruginosa, W& A. hydrophila

ﬂi$ﬂ3uﬂ1iﬁﬂlﬂi1$ﬁlmﬂ‘ﬁ 3 #im3a31e PHA monomer 3-hydroxyacyl-CoA 910 3-
hydroxyacyl-ACP Taglden lasi 3-hydroxyacyl-ACP-CoA transferase (PhaG) L18% malonyl-
CoA-ACP transacylase (FabD) mm%umm-gumiﬁamiwﬁ PHA l@a® PHA synthase (Sudesh
HagAe, 2000; Zheng LLASAME, 2005; Taguchi LLasAME, 1999)

nsEUIUMIFaAs 127U 4 109197 NADH-dependent acetoacetyl-CoA reductase
Lﬂéﬂu (8)-(+)-3-hydroxybutyryl-CoA W acetoacetyl-CoA mm%u'ﬁqﬁ’ wnT1ziiy poly[(R)-3-
hydroxybutyrate] (PHB) wuly Rhizobium (Cicer) sp. strain CC 1192 (Chohan 11 Copeland
1998)

NFLUIUNMTTUATIZHUUUT 5 R3I89 4-hydroxybutyrate 910 4-hydroxybutyryl-
CoA Tagl#ou'layl succinic semialdehyde dehydrogenase (SucD) wu'lu Clostridium kluyveri

(Valentin 1% Dennis 1997).
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ﬂﬁxmumﬁé’r’umwﬁgmuﬁ 6 191 193] lactonase @ hydroxyacyl-CoA synthase
1lden 4,5-alkanolactone 151 4,5-hydroxyacyl-CoA Fauflumsasdudmiumsdunes PHA
(Valentin it Steinbiichel 1995)

N5LUIUMSFUATIZHUUUR 7 1 4-butanediol 0% laFIT]1 4-hydroxybutyrate 1a®
191 I3 alcohol dehydrogenase mﬂ&mﬂﬁﬂm“ﬂu 4-hydroxybutyryl-CoA uagiimsdansiey
PHA wulu 4. hydrophila 4AK4 (Xie 1181g Chen 2008)

szuaumMIdanziuud 8 1o lminanua 8 ¥ia Tuasnlaey cyclohexanol
BipY 6-hydroxyhexanoate {16 PHA 1Y Cyclohexanol dehydrogenase 6-Hydroxyhexanoate

dehydrogenase Hydroxyacyl-CoA synthase,putative Huduy (Aaaaluasiei 2.2)
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A s A A A 9 o 7
AT NN 2.2 Lf)l!ul%ulla%ﬂuﬂmﬂ')"llﬂﬂﬁluﬂﬁ$’U'JUﬂ"I§ﬁ\1Lﬂi']$1’i

No. Pathway Abbreviation Enzyme Species Reference
1 Pathway I PhaA Beta-Ketothiolase Ralatonia eutropha Sudesh tiagaaiy, 2000
2 PhaB NADPH dependent acetoacetyl-CoA reductase
3 PhaC PHA synthase
4 Associated PhaZ PHA depolymerase Aeromonas hydrophila 4AK4 Sudesh LlagAME, 2000
5 Way Dimer hydrolase Pseudomonas stutzeri 1317
6 (R)-3-Hydroxybutyrate dehydrogenase R. eutropha
7 Acetoacetyl-CoA synthetase Pseudomonas oleovorans
8 Pathway II FabG 3-Ketoacyl-CoA reductase Pseudomonas putida KT2442, Sudesh tagnaiy, 2000
9 Epimerase A. hydrophila 4AK4, Mittendorf LAz, 1998
10 Pha] (R)-Enoyl-CoA hydratase/enoyl-CoA hydratase I Acyl- Pseudomonas aeruginosa
11 CoA oxidase, putative
12 Enoyl-CoA hydratase I, putative
13 Pathway III PhaG 3-Hydroxyacyl-ACP-CoA transferaseMalonyl- Pseudomonas mendocina, Sudesh tagAale, 2000; Zheng
FabD CoA-ACP tranacylase Recombinant Escherichia coli uagAMg, 2005; Taguchi
uagamy, 1999
14 Pathway IV NADH-dependent acetoacetyl-CoA reductase Rhizobium (Cicer) sp. CC 1192 Chohan ttag Copeland, 1998
15 SucD Succinic semialdehyde dehydrogenase Clostridium kluyveri Valentin 118¢ Dennis, 1997
16 Pathway V 4hbD 4-Hydroxybutyrate dehydrogenase
17 OrfZ 4-Hydroxybutyrate-CoA:CoA transferase
18 Pathway VI Lactonase, putative Mutants and recombinant of Valentin 1181 Steinbiichel, 1995
19 Hydroxyacyl-CoA, putative Alcaligenes eutrophus
20 Pathway VII Alcohol dehydrogenase, putative A. hydrophila 4AK4 Xie 1481 Chen, 2008
21 Pathway VIII ChnA Cyclohexanol dehydrogenase Acinetobacter sp. SE19, Brzostowicz Lag Ay, 2002
22 ChnB Cyclohexanone monooxygenases Brevibacterium epidermidis
23 ChnC Caprolactone hydrolase HCU
24 ChnD 6-Hydroxyhexanoate dehydrogenase
25 ChnE 6-Oxohexanoate dehydrogenase
26 Semialdehyde dehydrogenase, putative
27 6-Hydroxyhexanoate dehydrogenase, putative
28 Hydroxyacyl-CoA synthase,putative

14!
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2.4 WANA@NTINNNGN SCL-PHASs
FavoINaaAnTIMNALMIAnInuaIulgeglunguaues Short Chain Length
A =\ vAa ara 4 vAa A ~ Y [ a ~ 9
(SCL) tHpannlautanaflanduazanimFananlndifesnunaraannlasin
a = ' Y o 2 Y ..
gaemnssuil Tasall nazawnsogesaae ldauysel ludunadon (Nanthini agame, 2006)
Y
PHAs Gluﬂ'(,jllﬁ 1% P(3HB), P(3HB-co-3HV), P(3HB-co-4HB) (la¥ P(3HB-co-3HHx)
a d
2.4.1 Jalunoaes
I a Jd Aa ~ 1 Y s Aa AL A 9 I
PGHB) Wluneameisiausnnnunainanazazaunielusaagaunioime lasiu
1 o A 4 ] A ~ ] 1 4
praInasnn ioadeglunzviauaauaiseiisnselunzi iz duasiyad
a 1Y 4
(Dawes 118 Senior, 1973) TaglinsANYINTZUIUMIIMUNLDANLAZNITAILANMTTUATIZN
Jd a 4 a ] [ 4
P(3HB) GLumaaa;aufwmwusa I¥U NITAUATIEH P(3HB) 14 Wautersia eutropha
2 o 1 . < ¢ o A
Usznauale 3 Tuneu (Aauaaslunini 2.3) wazil p - ketothiolase  Wueu laindni

mmmmﬁqmmﬁ P(3HB)

Acetyl-CoA + Acetvl-CoA

Step |
3-ketotlnolase

Acetoacetyl-CoA

CoAS

NADPH + Hy o
Step 2

Acetoacetyl-reductase

NADP™ v
(R)-3HB-CoA

Step 3

PHA synthase

v

P(3HB)

4 0 d o [ @ 4
anﬁ 2.3 fn:]%ﬂ']'iﬂ']\‘i']u"u’f]\u@ullcﬁnﬁ1ﬂiﬂﬂ’]5ﬁ\uﬂi1g1’i PHA

mazmam‘%ty"lu’auqa (imbalanced growth conditions)
4 o g‘/ { s o [
rou'lasai citrate synthase §NEUGININNIZNARVIATI1501M1T 91 1H52AUY09 NADH
1 Y
1Az acetyl-CoA INNUU FIHAABANNITUTUUDY coenzyme A aAad 11111 3-ketothiolase

] o zgx’/ a [ 4
"l,llg]ﬂfmflxﬂﬂfl coenzyme A HAZNANIIFUATILY P(3HB)
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NMIzanqa (balanced growth conditions)

v v
acetyl-CoA M40 TCA cycle aaas dawaln 3-ketothiolase NEUIININ

{ A 2 o J
coenzyme A ﬁLWMQQﬁH HASUYANITTIUNIIEN P(3HB)

ANVAMINMENNVe9 P3HB)
=) = o = % a a
UMIANYITUUANNNIYNINUDY P(3HB) Liﬁ*ﬂumﬂmuwmamﬂmﬂqmmﬂsmﬂ
Tasadl WU autAnN19aMen N PGHB) 15U tensile strength 111U 43 MPa  Ufn
:1 Y 2 o 2 1w ] ll < 20 .
NAAEINY polypropylene (PP)  $UNINU 38 MPa 01981 L5NAN P(3BHB) U % elongation
1T W = o v o Y = < VA =
MNY 5 % 939101 PP (400%) Ml PGHB) uanuudssazilsiguinninlemey

AU PP

a d
2.4.2 lanodos
msduns lanedwes Tasauluajsznenlidde €3 wag €5 19U polyl(R)-
3-hydroxypropionate-co-(R)-3-hydroxybutyrate] UonINUIN Pseudomonas spp. RTINS
gzauved mel PHA N1l5zneuaneg C6 - C12 195U poly[(R)-3-hydroxyhexanoate-co - (R)-3-
hydroxyoctanoate-co-(R)-3-hydroxydecanoate] 1ag poly[(R)-3-hydroxyhexanoate-co-(R)-3-
hydroxyl-octanoate-co-(R)-3-hydroxydecanoate-(R)-3-hydroxydodecanoate] (Lageveen Uag
v v '

A, 1988) Tagng scl copolymer 1ag mel copolymer N@UUANUANMUHMIZTUNIZUINN
o 9 1 U a s = Yy @ a d a
Wamaz 1Faulugdunuang wnnnlalunwedwes aeldlimswannlanodmoivia
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) W30 [P(3HB-co-3HV)] %30 PHBV &alauyian

o A oA A ' < 1 y A & =
AN21 PBHB) A9 HAITNYANYULASLUILIININUY 5'33J‘V|\13Jﬂ'311|l,ﬂuwaﬂlla$i]ﬂ

Y
vaoumalanawi liieaenszuIunMsIug1 (Suriyamongkol LazAME, 2007)

I
(o Bur Do T
[ 3HB T 3HV 7
C O™ CH—CH—CJ T 0 CH—CH ¢

AN 2.4 Taseadumaniived PGHB-co-3HV)



17

2.4.2.1 M3&UATIZH P(3HB-co-3HV)
[ 4 [ A 9 g}z 9 a A
MIFAUATIEH P(BHB-co-3HV) (ﬂﬂl!ﬁﬂ\icluﬂ'l‘W‘Vl 2.4) ADINITAITONAU 2 FUA AD
Y =R a 4 . I 4
3HB-CoA U@ 3HV-CoA W@2anodue s (polymerize) 11y scl PHA Tageu'lani PHA
synthase (Steinbiichel ttagae, 2003) Tagh 3HV-CoA lda1n propionyl-CoA  3IUAU
acetyl-CoA 181iu 3-ketovaleryl-CoA uazgaieldiilu 3HV-Coa (Fanaaslunini 2.5

MNN 2.6 MWA 2.7)

Fatty acids with odd
mmber of catbon e g
valenic acid

4

Acvl-Co

(5}-3-Hvdroxvacyl-Co

-

(®)-3-Hydrozyacyl-Co

Acetoacetyl-Co 3-ketovaleryl-CoA A
4 il
3JHB-CoA JHV-CoA
3 Lcoﬁ.ﬂ{ 3 kcmsu
JHB umt 3HV umnit

MIA 2.5 NITUIUMIFUATIEH PGHB-co-3HV) nnnsalns Alednuaznsalviiuaiag 7
Ao s 3 a Y] P .
Hmumsveuihuavd Tasldenluasn] 1, 3-ketothiolase; 2, NADPH-dependent acetoacetyl-

CoA reductase; 3, PHA synthase



18

o d [ o H a 1
NMIAUATIEH P(3HB-co-3HV) ﬁmwmmmﬂzﬂﬁ’%mmimﬁ}uwmwumﬂm nin

=

@ a a o 4 I { ]
luiueravhan AT wIumsvowiu@vf 15U propionic valeric heptanoic 1A% nonanoic
. 3/ 9 1 dy a ~ a o . . Y
acids  IWIZEITOAIA UM AIUILINANTSUIUNITUNDDNHAYY (B - oxidation) uaz'la
A o Y g o ) . Ay Y A a Y]
wammmqﬂmmﬂu acetyl-CoA 91NUUTIUNY propionyl-CoA nlannnsalnsilotnla
2 ¢ 1 o ¢ Y
WuNoUaINOTUDI 3HV‘L!@ﬂ°’l]TﬂﬁﬂWiﬁﬂH1ﬂ1§’dQLﬂ51$‘ﬂ P(3HB-CO-3HV) %1ﬂﬁ1§ﬁ\1§9{u
51!“’] 1%Y 4-ketovaleric acid (Valentin 1482 Steinbiichel, 1995) n-pentanol (Yamane (D%
AU, 1996) Lmzﬂm”lmﬂ'wim Y valine isoleucine threonine (8% methionine

(Steinbiichel ttag Liitke-Eversloh, 2003)

propionic acid glucose

ATP+CoASH \
oA

acyl-C
Syntha‘s—e/
AMP+PA v

propionyl-CoA

4 4+ <4

acetyl-CoA  (2x)

S-ketothglase [-ketothiolase
o (phaA)
\ 4
3-ketovaleryl-CoA acetoacetyl-CoA
NADPH+H* NADPH+H*
\ acetoacetyl-CoA /.
reductase
haB)
NADP+<_/ (p \, .
v NADP
(R) -3-hydroxyvaleryl-CoA (R)-3-hydroxybutyryl-CoA
PHA synthase
(phaC)
CoASH 1/
v v CoASH
P(HB-HV) PHB

MW 2.6 N3EUIUMSFUATIZH PGHB-co-3HV)  91nng Taauaznsa Insi Todin

Tag R. eutropha
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glucose propionate
! - |
_I colysis
lgy Y propionyl-P
|pyruvate:
¥ propionyl-CoA
acetyl-CoA PhaA
| Phaa R |
acetoacetyl-CoA  3-ketovaleryl-CoA -methylcitrate /exa oacetate\
l PhaB lPhaB 2-methyl-cis-aconitate , i
3HB-CoA —~FPhaC__ 3hv.coa | \ [ TCAcylcle| |
Y 2-methylisocitrate \ !

P(3HB-co-3HV) succinate

| 2-methylcitrate cylcle |

AR 2.7 AszuumMsdunTe PGHB-co-3HY)  11nng Iaauaz Insiloiua

Tag R. eutropha

v
v v a

y v 2 o & o w v = P

AWM IANETAAUYY 3HY W uTludmsumsadng 3HV-CoA Felugadmnisulal
9

mMsianmsraalaneawes PHBY Iviesdilsznonaeuousmos 3HV aaua 0 — 30

< 3 o i o a a Aa

Twarlo5isua 1A Imperial Chemical Industries (ICT) NWAILINITHAA TABNSIANNTA TN N

a x I gJ/ o w

Totinuazng Ina Fuiluaisasduves 3HV  uag 3HB mwd1ay (Byrom, 1992 ; Holmes

uagame, 1985) mildnialnsiloiiniidedsseg 2  Uszns Ae nialwsileiin liads

2 A 3 & 3 o s

YOUBIWNBSUDI 3HV  Tagase ualdewily acetyl-CoA  Fulluaisainalavesuououos

. 1 9 a a I 1 4 =~ a
3HB (Doi (agaug, 1987) 1’il|WEJﬂ’NiJ’Nﬂﬁsl“]fﬂ’iﬂIWiWI@uﬂLﬂullﬁﬁdﬂﬁﬂﬂumﬂﬁ“ﬁuﬂ

&

9
@ 4 o [
laEJ’J ﬂﬁ"lll'liﬂﬁ%I'NL!ﬁ$ﬁ$ﬁﬂ1ﬁlﬂﬂﬂﬂu@m®i%@ﬂ 3HB e 3HV 5'33Jﬁ\‘1ﬁﬂﬁ'3u"ll’f]\1 3HV

4 Y v

YUogNUAAAIUVDIEITAIAY 3HV ADA15AIAUYDY 3HB @10 (Doi LazAmE, 1987 ; Doi,

1990) (sanaaaluaisian 2.4) YerdenfFeudnilszas s msldnsaInsilaiinnaiwy
a o a A 1 4 o J o ¥

nduganuldinldnaivaomaduazsilfisadaeld (Yu nazame, 2002) Awiunsly
a a I g’z Y =< 9 = a a Y 9 :) A 9 o a

asaInsnletindluaisasdu Fadeslimsfnaunazuluanududud moilosdumsina

a 1 J o & a J
NHABDIFAALUAZYVYINTITLITYVDILL AR
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(¥ d A
2.4.2.2 HAVOITATIUNOUDINGS SHV AOaNTAAIHAIY
Y
@1fAN19NeN MUY P(3HB-co-3HV) Aupgiudadiuvednousmes 3HV (#
. ' VY

naneluasan 2.3) TaeA Young’s Modulus anad adadiuued 3HV INNAUALEA 0-25

- v a a A A2 o q ¥ ' v
Twanlosidua dawald PGHB-co-3HV) Uanumitisauazdavguinniu ldnuaoussla

Y v 1 v Y
WY uazlaena11ud tensile strength vzanaulodadiuved 3HV WINWINTY

MINN 2.3 aUTANNMIMNUATgUHIYY P(BHB-co-3HV) 1J3801fisuny PP (Holmes

uagaue, 1985 ; Doi, 1990)

Properties P(3HB-co-3HV) [3HV composition (mol%)]

PP
0 3 9 11 14 20 25 28 34
Melting temperature, T 179 170 162 157 150 145 137 102 97 178
Glass transition 10 8 6 9 4 -1 -6 -8 -9 -
temperature, 7,
Young,s Modulus (GPa) 3.5 2.9 1.9 3.8 1.5 1.2 0.7 1.5 1.2 1.7
Tensile strength (MPa) 40 38 37 45 35 32 30 21 18 39

2.4.23 msaiauazazan PGHB-co-3HV) Tasgdun3dunsriia
=\ = 9 aA a
U518UMsAnEINITaI Muazazay PGHB-co-3HV) nuuaiiseraleyia 1ag

1 o { 1 [ [ {
IFuvaamsuaunuana1any (@aaaaluasan 2.4)
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=

M350 2.4 nuaniBenadasasazey PGHB-co-3HY) MAUNaImMSUauyiac1eg

a a d J a
YUAVDIYAUNE uHaINSURY 91984
Alcaligenes eutrophus nsalnsiloin Holmes, 1985
Pseudomonas cepacia Wynlaauaznsalnsilolin  Ramsay lazAY, 1990

Methylobacterium extorqueus —INE1UOALAL IHIAGUINADITA  Bourgue LAZANE, 1992
Chromobacterium violaceum NAIAD3N Steinbiichel LaZAMUE, 1992
Bacillus sp. ¥HARNY

Bacillus amyloliquefaciens g laauaznialnswloiin Chen tazAY, 1991
Bacillus mycoids ﬂ@jﬂﬁ’uazﬂiﬂ’ﬂm@?ﬂ

Bacillus sphaericus

Bacillus subtilis

Bacillus thuringiensis

Bacillus megaterium

Bacillus cereus

Bacillus circulans

d Y a
2.4.2.4 uviaamsuauuazuradlulasnun¥lumsnan P(3HB-co-3HV)
HHAIM SV
@ a { a a A dou A a o

Jagtusiamaesnardandinminaa ldangaunsddelisiaige (Alaniuaz 16

14 Y] A = [ a a = A
aeamansy) ienfTeuneununardaninil Iasiall (Byrom, 1994) 1199910052 UIUNST

[ o Y a a"’é I U A Y [ g}/ A

anauenuazInusgnssaiiuaiunia149910g9 (Ramsay tagan, 1990) AIUUNTIADN

' J =2 g J ' v dy dy A = 2 q
lL‘Viﬁx‘]ﬂﬁ’UfJH“]NlﬂHfNﬂﬂi%ﬂ@ﬂﬁﬁuﬁlﬂﬂﬂufﬂﬁﬁmENL%E)V]MNW?(?JLLQ%?JN‘FHQﬂ ile]J’LJ

l
A

9 v
‘Vn\i!a’f]ﬂsluﬂ'li“])"JEJﬁﬂGTH‘V!Hﬂ']iNﬁGli')iJﬂ\?ﬁ'lll'liﬂNZ‘WI P(3HB-co-3HV) ﬁﬁﬁNUWﬂLWNWZﬁM
9 =K A Ao A= dy ,i’ A a A 9 '
A8 WUIUIVYNANHINITLAYUTDLNDNIINAN P(BHB-co-3HV) Iﬂﬂﬂ'lilﬁ’ﬁ)ﬂsl"]ﬂlﬁﬁﬂ

J [ A A
ﬂ'ﬁ‘ﬂ'ﬂu(ﬂﬂllﬁﬂﬂﬁluﬁ'ﬁ']ﬂﬂ 2.5) NI NN
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A a 1 4 A Y a a A Jd a
MINN 2.5 FUAVLHAIMTVBUTIANGNN IFTUNIHNER P(3HB-co-3HV) Taggaunidviia

A9

uviasmiueu yHnveIgaUNSH 919049
Hydrolyzed corn oil Pseudomonas putida Shang Hagne, 2008
Sugar cane molasses Mixed bacteria Albuquerque Hagae, 2007
Enzymatic extruded starch Haloferax mediterranei Chen agnue, 2006
Paper mill wastewater Activated sludge Bengtsson tiagfale, 2008
Plant oils Cupriavidus necator H16 Lee tagnue, 2008

w

NAVDIHAINIS U UADTATIUVDY 3HV
= Aav A g’; 9 U 14 ~ a = U 4 =
TaelunsAnY1IVeUNING 1 FUHAIAITUOUNEIB ARG ILALUHAIAITUDUNAY &
= a s 1 A Y a I 1 14 A F2
MIANEIVRY gan gniuadiaa (2542) wua weld InsnTewadlunvasmivewdsd 14
Y] 1 ~ S <3 o g . AR a
aaaIuVed 3HV 1ied 2 Tualeiiyua wonv1nll Doi uazAde (1987) NAAYINITHAN
¥ 1 4 a a I~ ]
P(3HB-co-3HV) 1ae1¥e Alcaligenes eutropha 51800U tilolgnsalngi letiniunvas
4 ~ a =y a a o Y o 4 I'4 1
asuewiissrtiame Tnsiletingnihhllddunsiziveuomes 3HB  u1nna1 3HV
A a a 4 I a = & g’/ Y
e Insiletalaemeluaa szgnameitlueziinalae Fuiluaisasduues 3HB
FUREINY Lee vazame (1994) Wi ialdnsalnsiletiniieasd1a@e) wumsazaw
=) 1 = % d‘d =) é
o3 101N (pyruvate) Tutlsumge wwdernvluermsnfidsungInags ¥9019
d' = a . a = [ YA
(HAW19INN3UIUNIING AN To1atuda (gluconeogenesis) YpIDZIENAIAD I INUNIT
a 2 L qu A < ) Y 1 A < PR
HAaANOUBINO VDY 3HB ¥4 ldoziyia laeiluasasduldganiimsnaa 3HV sziiulan
D) ' P A o qQ Y Yo 1 ° LA ) \ P A
MilFurasmsuewaeIi i ladaaiuues 30V 61 aaiumsldurasns uounauiie
MIHAR TANDANDS IUHINE NN
a o % a A A a A Jd Aa 1
AMIHAA PGHB-co-3HV) 11114 1AgMIIANNTANIDINADUDINTADUNS §U AN
WU ATAINTN 01N nIaassn la@menuInshloua wis la@eulaosa SIuNULKAY
¢ Q3 = Y ' .
asuauNiuiinaia laen1sAnyIUed Park uazame (1997) 1845189949 Bacillus
a Y Y o I ~
thuringiensis R-510 @1150Waa P(3HB-co-3HV) lage  anmsldduaasailuTm@oy
- o 2 - 2 2
Twswlouanunglag wonaINY Obruca HazAMEL (2010) ANYINSIABUFD Cupriavidus
9 a [ 9 Y o 1 1
necator IaglgInsilouauazinaosa wun mMsldrmensalidadiuves 3HV gann
v Yy 9 4 ° ' 9 A
ua IAANUTNTUEAd tag PGHB-co-3HV) dn s 19N Iotue Lee uazadie, 2008

- Y g
ANy sfSeuneumsnan  P(3HB-co-3HV) 91NN5IA894%0 Cupriavidus necator H16
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1 9 1 4 1 g v A W = a Y
wunmslunaemsveunauszrnainiuisiy Ts@sy Tnswlewa 18 PGHB-co-3HV) g4
'
nms lEnuTmAouinaosa uag ga1 gmadudiaa (2542) AnEINSHAR  P(3HB-co-
9 1 4 dy dy . 1 9) a
3HV) Taglduvasmsvounanlunsi@eu¥o Bacillus sp. BA-019 WUIN5 1% Ingi lotua
o a 4 J a a a
Tugivounae ladoy vhldldTanedwesgannimsldnsalnsitlolinuaznininassn
o  w ao & A y?3 9 g ' s 3 Py g )
dwisvauitel  @enldihdeailuurasmsveunazihmaluihdesiluaisaidu
s A a a s A Y @ A Aa
YOIWOUOIDS 3HB IWowaalanwedmwes  PGHB-co-3HV)  Heanindeudunaniing
& { o g A Y 4 3
mzdgnunludszmalne vazdludiviannsodauazinuinerldvatenss Faluidosas
{ o & 1 a a a A d
UsznevlUdemsernsiduilusemsnsydn Tavazmsaiunandavosgaunsdograte
9
a ' @ v Aa a < o o
wiia wu ylasd nglaa Winlad saumIaniuuassigennauiiuiumnn (@waasly

A = ) 9)&91) X a ~ Y
A1 9N 2.6) ﬂ\‘]ﬁ']ll']iﬂu'lll']ﬂlslﬂaﬂﬂl‘ﬁ@@ﬁu‘ﬂﬁfﬂﬂ

~ 4 go‘ Y a a o
A13197 2.6 09A1lsznovveIIRnY (HATNAIYY, 2551)

@ ) < A v s 2o
ﬂﬁﬂﬂizﬂﬂﬂﬂlﬂﬁu16@ﬂ ﬂl@ﬁlkﬂ]ﬂﬂﬁ%ﬁwjﬂ (Lﬂ@ilcﬁuﬁ)

filwna 75.0-94.0
ylase 70.0 —90.0
nglnd 2.0-4.0
WsnTlaa 2.0-4.0
Toalnuwanlsa 0.001 — 0.05
indelugives 3.0-4.5
AIABHUNTS 1.5-4.5
ATABUNIE 1.0-3.0
AIADUNIE 1.5-5.5
AFAASUONTAN 1.1-3.0
nsaezi Ty 0.5-2.5
Suvidmsaua #'lilshena
T1lsau 0.5-0.6
uile 0.001 - 0.18
woanwam'lsdiazaneni 0.03 — 0.50
wand lviiu eavh Ing 0.04—0.15
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DRI I ' 14 9 [ a =~ aM A
ms“lﬂfmaamﬂmmmmiuaummumswa@ P(3HB-co-3HV) WU9AAD U

= U 9 1 @ = [ 9
MIATINNDUUIFNISUIUNITHUN (pretreatment) IWUANT DY
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1 1 4 5 %} %} o Cd
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a A 3

o 3 o 1
IHADNNNUINUD (effluent treatment) Amlddhenazazain
a I~ gl.: 4 4 a
wonld Tam@en Tns i Tortua Fluasaiduueanousue’ 3HV (1090 1na1WN50HaN 16

P(3HB-CO-3HV) lddadiuves 3HV Mmanzay uazlisimgnni lwfeninasisa 2 1

uviad lulnsiou

a A ot 3 9 3 o v J
JauUn ﬂu”luimmmﬂumuﬂizﬂauﬂizmmsaﬂaz 8-10 VYDIUTNUUNUHIVDILLEAR

a

d' A J 1 a A 9 ] [
(Nelson ag Cox, 2005) Iagiigaunsduaazwiiatinnudoins lulasmuuandaanuoen 11
o @ 1 A 9 o o a 1 PR
dmsuuradlulasnunlddmsunmsnan PHAs amnsouia lailu 2 1/5219m (Annuar vag
U daj
AE, 2008) A9
(1) uriaounIs luIasau
1 Aa ~ a J
uvawduniglulasnu o l¥lusivesnsaosiilu sy nlulau dad
o o & A = < Y
ana MsanAIINie WIegsy 1Hudu
) iadeiunIe lulasau
uvaseiiunid lulasinu ftowl¥lugaamnssumsnidn laun
24
- wowTwile o191 lugdunaniomsazarouen Tuile
= = 1 A = J =
- wasauazindonon Tuiiow wu indewen Tullsnnae 15 [NH,CI] nde

sowTuilendaa [(NH,),S0,]  maouonTuiienTumsa [NHNO,] maouonTuiion

Woenvla [(NH),PO,] riudu

uvas luTasnunieniunldluniswaa PHAs uaziisinign laun NH,CI (NH,),SO,
NH,NO, (NH,),PO, Tululsifenngaiue uazgiss (Groom HagaAN, 1998; Quillaguaman

uazAMy, 2008) ITaguvas luTasouinanumungEelsmgniga (Lee tazame, 2008)
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2 X a A d A a
2.5 MIAYAFIIAUNIULNONINAA PHA

2.5.1 52AUVIAUEN (shake flask)

a A J

dy Ay o [ dy zg A = o
ﬂ'lﬁlaﬂﬂl“lff)aluﬁ$ﬂUGIJ'JﬂLGU‘(’J'IHJ1!ﬂ'Iﬁla‘(’NLﬂf@ﬁ;au‘l/lﬁﬂiu@”lﬁ”lﬁlﬁa’uwaﬁﬂ‘ﬂ"lﬂﬁ]ﬁ]ﬂ
1 $ [ a a a 1% P %
AN ﬁﬁWa@l@ﬂ'lﬁl%ﬁﬂ]ulmzﬂ'lﬁWﬁ@lﬁ'lﬁWﬁﬁﬂﬂ!“Wﬁ@%NﬂWﬁ uaxmmmmmwammmuﬂﬂu
= 9 g’/ = [ 9 (BN ] Qy A [ FIl 9 (3 ~
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= Y I8 2 & ] 3 ] A gy a 1
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2.5.2 ﬁzé’fué’mﬁnﬁmﬂﬁﬁ’ﬁmﬁ (I1ab scale fermenter)
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INOINNANUHUMUUYDUEA] NUUSINUEITHANNUNNADINGT LAZDU YUDYNVFUAVD
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Y 9
ey luszavsaminivatelszns 1dun arwsalierma (eendan) unszuuld
' o ' A ~ ] 2 A = L. Yt
HUINNIITTAVVIALVY mm%mumﬂﬁmmmmsmimu "”If\‘]llWﬁi‘ViiJﬂTﬁWﬁll (lelng) Ulﬂﬂ
U 4 a 1 Y I a Y~
FETUINYAQ 71I01K1T LUASODNYIIU ﬁ\iﬂﬁiﬁl‘ﬂ)’ﬁﬁﬂﬂ?ilﬁ]ﬁﬂ]u”lﬂﬂ ?ﬂlﬂﬁﬂﬂ?ﬂﬂllﬂ”l'lziu
dy Aa' a =) FY 1 dy dy [ ] ] 1 I [
ﬂ”lilﬁfN!flf@i]‘ﬁ1!‘Vlifj(llﬂNTﬂﬂﬁTﬂTimﬂﬁl%@t‘luigﬂ‘ﬂﬂnﬂ!ﬂlﬂi YU ﬂ?ﬂ??ﬂlﬂl&ﬂiﬂﬂ?ﬁllag

2 k4 H
@mﬁﬂuﬁﬁ@ﬂﬂﬁlaﬂ%%@ A19NWIAUALAY (dissolved oxygen) numsasuulasvos

Q U

1 W

1 dy Y = ~ @ R A @ A a
mamlsvaiil ldaasamsdne laslimsunn lasns010a Tula  aso@ua1391M13
Y 9 Y 9 Y
FEUINMSIASUFD (fed-batch 112 continuous cultivation) M1 1H@as %0 Iduuiy Tas'liudos
A 9 1 T I Y a L%I g’/ = d' v g’/ a 9 9
Fuaulvd uaadwwald ldnandnuniu s2uMIManaeansudimseiyananudtudu

VYOIAITUAY (substrate inhibition)
2.5.2.1 NSZUIUMTHINUD LY (Batch cultivation)

a A o

3 v A o dy dy a\ A 9
Aunszurumaninim lagmsmniz@euyegaunidnieluszunila Tasaonly
1 1 a I 1 { 1 a a
A13011M1TUATAITAN) 1Y gun)il ANUYUNTAANMIMNIZANABMTNIYUAZNITHAN
a Y] 4 4 ~ 9 a\ a A o W A (= a
askaaduaiveousad a1sormsnldluszuudaiilsuiusine iesninluiinisay
2 4 Y o Y v o A 1
asonisuasll Wemseninsgnldnua ervhldnnzmeluduninaldeunilas wu
< . = = A I 9 = a A o
anudunsaarudeu’ly) Imsazavarsiy Wudu Tasdzluuumansguiediginims
9
a o 1 Yo .
1939y (growth cycle) TunszaumsminuuLDy 11ie1dAT (Aiba 1agame, 1973; Scragg,
1991)

v o (2 1 &' 1 ] g [ <
1. 3282NIINNAN (lag phase) ﬁﬂﬂ%?ﬂﬂ?iﬂ?ﬂl%ﬂg@”lﬁﬁhlﬁﬂ i%&l%ﬁfﬂ%llllﬂ?)ﬂmuﬂﬁ
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=~ a 4 g o dy 1A [ o A a '
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2. 520¥MINTYUUUNINY (exponential M50 log phase) HAININTZEZNITHNAIA)
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2.5.2.1 NsTUIUMSHNDLLLW ALY (Fed batch cultivation)
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2.6 M3KAN PGHB-co-3HV) laamsIANa1501M13
a [ [ ~{ a [ 4
ASANYINTHAA P3HB-co-3HV) daulvadlumsdueseisuuuaoiios
. . o = ) a Y = Aav A
(exponential feeding) IUMTHUAUULINALUY FeasanuNanan la uaziu19IuIven
W Y a VA 9 ¥ a 3
Tuldwuasersuuuaeiisaa lsmsmuasemstusses
Du tiagaue (2001) ANBINITHA P(3HB-co-3HV) 310 Ralstonia eutropha DSM
a a <3 1 I'4 L4 ¥
545 Tagldng Induaznsalnsi letdniluuvasmiveu 1935ms@eudouuy pulse feeding
A a a a g’/ [ [ < a I ]
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2.7 suamamslszgnald PHA (Chen, 2010b ; Bian tazaaig, 2009)
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<3| o Y 4 1 1w
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2.8 Mmswan PHA luszaugaaminasn
Tagtiudimsianmssdanaradndinim PHA  Tuszaugaaimnssuegianiiaunalag
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@159 2.7 UTENATMISWALINTNAANAIFEANFININS LA PHA (Chen, 2010a)

Company Types of PHA Production scale (tons/year) Period Applications

ICI, UK PHBV 300 1980-1990 Packaging

Chemie Linz, Austria PHB 20 -100 1980s Packaging and drug derivery
BTF, Austria PHB 20 -100 1990s Packaging and drug derivery
Biomers, Germany PHB Unknown 1990s to present Packaging and drug derivery
BASF, Germany PHB, PHBV Pilot scale 1980-2005 Blending with Ecoflex
Metabolix, USA Several PHA Unknown 1980 to present Packaging

Tepha, USA Several PHA PHA medical implants 1990 to present Medical bioimplants

ADM, USA (with metabolix) Several PHA 50,000 2005 to present Raw materials

P&G, USA Several PHA Contract manufacture 1980-2005 Packaging

Monsanto, USA PHB, PHBV Plant PHA production 1990s Raw materials

Meredian, USA Several PHA 10,000 2007 to present Raw materials

Kaneka, Japan (with P&G) Several PHA Unknown 1990 to present Packaging

Mitsubishi, Japan PHB 10 1990s Packaging

Biocycles, Brazil PHB 100 1990 to present Raw materials

Bio-On, Italy PHA (Unclear) 10,000 2008 to present Raw materials

Zhejiang Tian An, China PHBV 2,000 1990 to present Raw materials

Jiangmen Biotech Center, China PHBHHx Unknown 1990s Raw materials

Yikeman, Shandong, China PHA (Unclear) 3,000 2008 to present Raw materials

Tianjin Northern Food, China PHB Pilot scale 1990s Raw materials

Shantou Lianyi Biotech, China Several PHA Pilot scale 1990-2005 Packaging and medicals
Jiangsu Nan Tian, China PHB Pilot scale 1990 to present Raw materials

Shenzhen O’Bioer, China Several PHA Unknown 2004 to present Unclear

Tianjin Green Bioscience (+DSM) P3HB4HB 10,000 2004 to present Raw materials and Packaging
Shandong Lukang, China Several PHA Pilot scale 2005 to present Raw materials and medicals

PHBYV Poly[(R)-3-hydroxybutyrate-co-(R)-3-hydroxyvalerate], PHB Poly[(R)-3-hydroxybutyrate], PHBHHx Poly[(R)-3-hydroxybutyrate-co-(R)-3-hydroxyhexanoate], P3HB4HB Poly[(R)-3-hydroxybutyrate-co-4-hydroxyvalerate],

6¢C
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PM3Wan PHBV lugaavinssu
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X & A4 a yvo X o g 7 A \
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A Y s @ 3 2 ~ Y 9
MINN 4.2 nilnmaduie dsuanihmasunivue Usmagses anuduiuued PGHB)
1 Y Y v !
wazSunal PGHB) 181884 B. megaterium P-12 Tuazdsunanimaluiidesisudu 10
o 1A Y] zg s 2 o =3 dy tg [ o [
nsuneans uazdsunaiude 5 WesiFuaveslsuasomsaeure lunmln easnsnIu

600 rpm 873113 1HEINA 1 vvm  AAUAN pH MIAY 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(b (g (M (g (g (% by wt.)
0 0.79+0.03 10.77+0.04 1.62+0.01 - -

3 2.33+0.05 7.48+0.06 1.41+0.03 0.52 22.16

6 7.23+0.01 0.49+0.09 1.19£0.03 1.96 27.14

9 6.31+0.08 0.47+0.08 1.12+0.01 1.47 23.24
12 4.56+0.05 0.45+0.08 0.89+0.00 0.51 11.13
15 2.46x0.11 0.38+0.04 0.89+0.00 0.27 11.08

18 2.00+0.04 0.35+0.05 0.89+0.00 0.16 8.01

21 1.97+0.08 0.33£0.03 0.89+0.00 0.15 7.73

24 1.61+0.10 0.32+0.07 0.89+0.00 0.11 6.76
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= H o s Y ¥ 2 ~ Y 9
AT NN 4.3 UIUUNLBARALLH ﬂ‘%mmmmamumwm ‘lﬁiﬂmgljﬂ ANUVNVUUDY P(BHB)

a9

4 £ d 3 v
uaz3ua PGHB) (11018849 B. megaterium P-12 Tuniztsunanimaluindesisudu 10

[ 1A @ zil J I J dy j’ [ @ o
nsuneans  uazlsuaiawe 10 wWediuavesdsuasemsiaeudelunivin onsims

AU 600 rpm ©ATINTIHOINIA | vwm AIUAY pH A 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content
(h) (€] (g (€] (g (% by wt.)
0 1.05+0.07 10.92+0.04 2.06+0.02 - -
3 4.68+0.06 5.08+0.06 1.32+0.01 0.75 16.06
6 7.41+0.04 0.50+0.08 1.03+0.03 1.46 19.72
9 7.29£0.11 0.43+0.04 0.88+0.03 0.94 12.95
12 6.66+0.04 0.42+0.09 0.73+0.00 0.55 8.32
15 5.08+0.03 0.38+0.10 0.73+0.00 0.25 4.95
18 4.06£0.10 0.38+0.07 0.73+0.00 0.15 3.61
21 3.53+0.08 0.34+0.06 0.73+0.00 0.07 1.96
24 3.52+0.05 0.30+0.06 0.73+0.00 0.04 1.02
k| 25
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= H o s Y ¥ 2 ~ Y 9
AT NN 4.4 U UNLBARALLHN ﬂ?mmmmamummﬂ ‘lﬁlﬂﬂlgljﬂ ANUVNVUUDY P(BHB)

1 Y Y Y !
wazSunal PGHB) 101884 B. megaterium P-12 lunnziSunanimaluiidessudu 10

o 1A o &' J 3 J tdy A" [ o @
nsuneans  uazlsunaiawe 15 wWesiruavesdsuiasormsaourelunerun oasIns

AU 600 rpm ©ATINTIHOINIA | vwm AIUAY pH A 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content
(h) (gM (g (€] (g (% by wt.)
0 1.20+0.10 11.354+0.03 2.16+0.04 - -
3 4.92+0.09 4.31+0.07 1.71£0.02 1.39 28.18
6 7.77+£0.08 0.46+0.06 0.89+0.02 1.68 21.66
9 7.01+0.06 0.43£0.11 0.74+0.00 0.94 13.37
12 4.94+0.04 0.41£0.10 0.59+0.00 0.32 6.43
15 3.97+0.07 0.40+0.09 0.59+0.00 0.24 6.07
18 3.46+0.03 0.39+0.12 0.59+0.00 0.15 4.35
21 2.99+0.05 0.37+0.08 0.59+0.00 0.11 3.76
24 2.91+0.08 0.36:0.07 0.59+0.00 0.11 3.63
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A Y s @ ¥ 3 ~ Yy 9
MINN 4.5 nninmaduie dsuanihmasunivue Usnagses anuduiuued PGHB)
1 Y Y Y !
wazSuna PGHB) 1W01ae4 B. megaterium P-12 lunnziSunanimaluiihdessudu 20
o 1A ] é‘ S I o tiy t&l @ @ [
nsuneans tazdSnaiawe 5 lesudvesdsuiaseismeudeluniviin onsimsnIu

600 rpm 8A31M13 1¥EINSA 1 vwvm AIUAN pH MIAY 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(b (g (M (g (g (% by wt.)
0 0.89+0.07 20.75+0.09 1.99+0.05 - -

3 2.34+0.04 15.96+0.04 1.55+0.04 0.41 17.66

6 9.09+0.06 2.63+0.03 0.96+0.01 2.25 25.29

9 8.194+0.10 2.21+0.04 0.81+0.00 1.10 13.39
12 6.37+£0.05 1.90+0.09 0.81+0.00 0.76 11.86
15 7.15+0.05 1.80+0.05 0.81+0.00 0.66 9.22

18 6.24+0.07 1.73+0.05 0.81+0.00 0.47 7.48

21 4.72+0.04 1.69+0.04 0.81+0.00 0.34 7.16

24 4.18+0.08 1.65+0.07 0.81+0.00 0.36 8.59

k| 25
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AT NN 4.6 UIUUNLBARALLH ﬂ?mmmmamummﬂ ‘lﬁlﬂﬂlgﬁﬂ ANUVNUVUUDY P(BHB)

1 Y Y Y !
wazSuna PGHB) 1W01ae4 B. megaterium P-12 lunnziSunanimaluiihdessudu 20

o 1A @ Ay I I 4 = dy :&I [ @ @
nsuneans uazdSaruye 10 weduavesdsuasemsaeudelunivin oasins

AU 600 rpm ©ATINTIHEINIA 1 vwm AIUAY pH A 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (€] (g (€] (g (% by wt.)
0 1.12+0.07 21.34+0.05 2.14+0.07 - -

3 4.15+0.09 14.68+0.04 1.84+0.03 0.73 17.68

6 11.89+0.06 1.83+0.06 0.88+0.02 2.15 18.12

9 11.27+0.04 1.42+0.09 0.74+0.00 1.74 15.42

12 9.67+0.07 1.38+0.08 0.74+0.00 1.46 15.09
15 8.96+0.09 1.28+0.08 0.74+0.00 1.30 14.47
18 6.76+0.04 1.21+0.05 0.74+0.00 0.95 13.98
21 6.04+0.05 1.1620.09 0.74+0.00 0.82 13.56
24 6.00+0.08 1.02+0.05 0.74+0.00 0.68 11.28
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ANTNN 4.7 UIUUNLBARALLH ﬂ?mmmmamummﬂ ‘lﬁlﬂﬂlgljﬂ ANUVNVUUDY P(BHB)

1 Y Y Y !
wazSuna PGHB) 1W01ae4 B. megaterium P-12 lunnziSunanimaluiihdessudu 20

o 1A @ Ay I I 4 = dy :&I [ @ @
nsuneans uazdSaruye 15 weiuavesdsuasemsaeudelunivin oasins

AU 600 rpm ©ATINTIHOINIA | vwm AIUAY pH A 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (€] (g (€] (g (% by wt.)
0 1.46+0.04 22.73+0.03 2.2140.05 - -

3 5.394+0.08 12.79+0.05 1.69+£0.06 1.25 23.24

6 12.65+0.08 1.53+0.05 0.81+0.04 3.11 24.58

9 12.32+0.11 1.17£0.02 0.59+0.00 2.22 17.98
12 10.93+0.09 1.15+0.08 0.59+0.00 1.85 16.94
15 9.44+0.03 1.05+0.07 0.59+0.00 1.22 12.96
18 7.63+0.10 0.99+0.09 0.59+0.00 0.98 12.89
21 6.11+0.11 0.97+0.04 0.59+0.00 0.62 11.12
24 5.984+0.09 0.96+0.06 0.59+0.00 0.68 10.34
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AT NN 4.8 UIUUNLBARALLH ﬂ?mmmmamummﬂ ‘lﬁlﬂﬂlgljﬂ ANUVNVUUDY P(BHB)

1 Y Y Y !
wazSuna PGHB) 81884 B. megaterium P-12 TunnzdFuanianaluiindesisudu 30

o 1A @ tg s 3 4 tiy t&l [ o @
nsuReans uazlsunuiiwe 5 wWesiruavesdsuasemsaoude lunerin easimsnIu

600 rpm 873113 1HEINA 1 vvm  AAUAN pH MIAY 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (g (g (g (g (% by wt.)
0 1.03+0.09 30.23+0.03 1.86+0.02 - -

3 4.734£0.12 22.02+0.08 1.47+£0.01 1.10 23.27

6 13.22+0.08 9.30+0.07 0.88+0.01 3.27 24.74

9 13.00+0.07 7.394+0.09 0.73+0.00 2.63 20.21
12 11.61£0.11 6.15£0.06 0.73+0.00 1.59 15.79
15 10.73£0.06 4.77£0.10 0.73+0.00 1.49 15.29
18 9.46+0.03 4.23+0.10 0.73+0.00 1.43 13.84
21 9.29+0.07 2.95+0.04 0.73+0.00 1.33 13.65
24 8.71+0.02 2.29+0.03 0.73+0.00 1.29 13.35
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= H o s Y ¥ 2 ~ Y 9
AT NN 4.9 U UNLBARALLH ﬂ?mmmmamummﬂ ‘lﬁlﬂﬂlgljﬂ ANUVNVUUDY P(BHB)

1 Y Y Y )
wazlSunas PGHB) 101884 B. megaterium P-12 lunnzdSunanivnaluiidesizudu 30

o 1A @ tg s 3 4 tiy t&l [ @ [
nsuReans uazlsunaiiwe 10 Wesisuavesdsunsemismeate luoanin 9as1n1snIu

600 rpm 873113 1HEINA 1 vvm  AAUAN pH MIAY 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (€] (g (€] (g (% by wt.)
0 1.11£0.09 31.04+0.10 2.14+0.02 - -

3 6.23+0.04 22.77+0.05 1.40+0.03 1.36 21.80

6 14.79+0.04 7.98+0.03 0.81+0.01 345 23.32

9 14.01+0.07 6.04+0.09 0.66:0.00 3.22 23.00
12 12.24+0.09 4.95+0.08 0.66:0.00 2.15 17.54
15 11.414+0.08 3.7840.08 0.66+0.00 1.97 17.29
18 11.29+0.11 2.79+0.05 0.66:0.00 1.87 16.53
21 10.79+0.03 2.33+0.11 0.66+0.00 1.73 16.08
24 9.74+0.12 2.09+0.03 0.66+0.00 1.32 13.58
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= H o s ¥ 2 A Y 9
AT NN 4.10 WU UNLBAALYN ’lENWﬂ!uWH@ﬁ’JiJVNWiJﬂ ‘lﬁ'iJ'lﬂ‘lglﬁfJ ANUUNVUHUDN

PG3HB) tazSunar PGHB) 1101889 B. megaterium P-12 Tunnzdsunanianaluiindes

A g o 1A o A s d o S 4 o W
ITUAY 30 NTUADANT LazlsuMYNFD 15 L‘]JfJiLGIﬂWI‘UfN‘]J%iﬂ@]i?)TPﬂﬁLaﬂﬁl‘b’ﬂiuﬂﬁﬂuﬂ

8R31M5NIU 600 rpm BATINT 1H0INA 1 vwm  AIUAN pH 1WA 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content
(h) (g (g (g (g (% by wt.)
0 1.28+0.06 31.37+0.09 2.21£+0.01 - -
3 8.43+0.06 18.98+0.09 1.77+0.02 2.01 23.84
6 15.63+0.08 5.0340.11 0.88+0.02 4.21 26.47
9 15.08+0.04 2.45+0.05 0.59+0.00 3.29 21.80
12 12.43+0.11 2.11£0.07 0.59+0.00 2.02 16.23
15 10.62+0.03 2.07+0.12 0.59+0.00 1.43 13.47
18 9.38+0.08 2.01£0.08 0.59+0.00 1.03 10.98
21 8.04+0.11 1.82+0.08 0.59+0.00 0.79 9.83
24 6.94+0.09 1.26+0.04 0.59+0.00 0.51 7.36
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= H o s Y ¥ ¥ P )
AT NN 4.11 UIHUNLBARALLH ﬂ?mmmmamumwm ‘lﬁﬂﬁugﬁﬂ ANUUNUVUHUDN

PGHB) tazSuna PGHB) 181884 B. megaterium P-12 Tunnzdsunanianaluiides

A g o 1A o A s d o O 1 o W
IFUAY 50 NTUADANT LazlTIUYIFD 5 LﬂﬂiL%uﬂﬂl@ﬁﬂ%NWﬂiﬂWﬂWimﬂﬂl‘ﬁﬂiuﬂﬁﬂuﬂ

8R31M5NIU 600 rpm BATINT 1H0INA 1 vwm  AIUAN pH 1WA 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (€] (g (€] (g (% by wt.)
0 0.88+0.11 53.72+0.09 1.94+0.03 - -

3 7.37+0.09 40.43+0.07 1.86+0.03 0.92 12.48

6 11.07+0.08 25.71+0.05 0.97+0.02 2.89 26.14

9 13.74+0.05 | 21.65+0.06 0.74+0.01 2.42 17.62
12 11.07+0.06 17.71+0.04 0.67+£0.01 1.64 14.84
15 10.46+0.04 16.77+0.03 0.59+0.00 1.20 11.47

18 10.42+0.06 14.88+0.06 0.59+0.00 1.07 10.23
21 10.12+0.02 14.24+0.11 0.59+0.00 0.97 9.58

24 9.86+0.03 12.57+0.09 0.59+0.00 0.91 9.27
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ANTNN 4.12 UIUUNLBAALYN ﬂ?mmmmamumwm ‘]Ei]']ﬂ!fqulﬁﬂ ANULUVUUVUHUDN

PGHB) tazSuna PGHB) 101884 B. megaterium P-12 lunnzdSunanimaluiidos

A g o 1A o A 73 o S | v W
IFUAY 50 NSUADANT LazlsuuKIFe 10 LﬂﬂiL%uﬂﬂlﬂﬁﬂ%NWﬁi@WﬁWﬁLaﬂﬁl‘b’ﬂiuﬂﬁﬂuﬂ

8R31M5NIU 600 rpm BATINT 1H0INA 1 vwm  AIUAN pH 1WA 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (€] (g (€] (g (% by wt.)
0 0.98+0.04 51.73+0.05 2.06+0.03 - -

3 9.1620.08 36.06+0.09 1.69+£0.01 2.13 23.26

6 16.51+£0.07 | 27.27+0.10 0.81£0.02 3.60 20.54

9 16.18£0.06 | 22.68+0.11 0.74+0.05 2.79 16.50
12 13.93+0.05 21.92+0.08 0.66:0.00 1.85 13.25

15 12.91+0.03 21.28+0.05 0.66+0.00 1.46 11.32

18 11.55+0.09 17.84+0.06 0.66+0.00 1.54 13.36

21 10.48+0.11 17.20+0.07 0.66+0.00 1.38 13.18
24 10.01+0.10 15.16+0.08 0.66:0.00 1.29 12.91
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AT NN 4.13 UIUUNLBAALYN ’lENWﬂ!uWH@ﬁ’JiJVNWiJﬂ ‘lﬁ'iJ'lﬂ‘lglﬁfJ ANUUVNVHUDN

PG3HB) tazSunar PGHB) 1101889 B. megaterium P-12 Tunnzdsunanianaluiindes

A 9 @ 1T A o g < 3 14 tﬂy t&l [ o
5UAY 50 NSUARART tazlsuuiire 15 WesikuavesdSuasomismeare luoanin

8R31M5NIU 600 rpm BATINT 1H0INA 1 vwm  AIUAN pH 1WA 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (€] (g (€] (g (% by wt.)
0 1.17+0.06 53.72+0.09 2.83+0.01 - -

3 9.56+0.06 40.43+0.06 2.01+0.04 1.75 18.31

6 16.98+£0.08 | 25.71+0.10 1.12+0.03 3.63 21.39

9 16.94+£0.04 | 24.65+0.11 1.04+0.02 3.02 17.83
12 15.73£0.11 17.71+0.06 0.89+0.00 2.04 12.97
15 14.454+0.03 16.77+0.12 0.89+0.00 1.66 11.46
18 12.724+0.08 14.88+0.08 0.89+0.00 1.28 10.07
21 12.47+0.08 14.24+0.03 0.89+0.00 1.40 11.20
24 12.06+0.07 12.57+0.02 0.89+0.00 0.97 8.03
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A ? o s v 3 g P Y 9
MINN 4.14 Amiinaduie Usuanihmasiuninue USnagse anududuves
1 Y Y Y
PG3HB) tazSunar PGHB) 1101889 B. megaterium P-12 Tunnzdsunanianaluiindes
A g o 1A . { - Ts 2 X v
FUAY 70 NTUARART tazlsnuure 5 Wesikuaveslsuasermsiaeure lunavin

8R31M5NIU 600 rpm BATINT 1H0INA 1 vwm  AIUAN pH 1WA 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content
(h) (g (g (g (g (% by wt.)
0 0.65+0.08 71.66+0.09 2.08+0.02 - -
3 7.77+0.08 56.03+0.05 1.94+0.02 1.37 17.70
6 17.24+0.05 | 44.63+0.04 1.79+0.03 3.79 22.00
9 17.33+£0.11 38.76+0.10 0.74+0.01 2.86 16.53
12 15.7+0.06 37.21£0.12 0.67+0.00 2.40 15.27
15 14.82+0.03 34.85+0.06 0.59+0.00 1.85 12.50
18 14.79+0.03 31.76+0.04 0.59+0.00 1.34 9.05
21 14.01£0.07 | 27.93+0.09 0.59+0.00 1.20 8.60
24 12.7940.05 26.79+0.09 0.59+0.00 0.95 7.46
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= H o s ¥ 2 A Y 9
AT NN 4.15 UIUUNLBAALYN ’lENTﬂ!uWH@ﬁ’JiJVNWﬂJﬂ ‘lﬁ'ﬂJ'lﬂ‘lglﬁfJ ANUUVNVHUDN

PG3HB) tazSunar PGHB) 1101889 B. megaterium P-12 Tunnzdsunanianaluiindes

A g o 1A o A 73 o S | v W
FUAY 70 NSUADANT LazdsuuYIFe 10 LﬂﬂﬁL%uﬂﬂlﬂﬁﬂ%NWﬁﬁ@WﬁWﬁLaﬂﬁl‘b’ﬂiuﬂfiﬂuﬂ

8R31M5NIU 600 rpm BATINT 1H0INA 1 vwm  AIUAN pH 1WA 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content
(h) (g (g (g (g (% by wt.)
0 1.06+0.06 72.12+0.08 2.29+0.01 - -
3 7.40+0.06 64.68+0.04 1.84+0.01 0.78 10.54
6 17.83+0.08 57.34+0.04 1.33+0.03 3.66 20.54
9 19.01+0.04 52.78+0.09 1.03+0.00 3.05 16.07
12 17.35£0.10 | 49.60+0.06 0.81+0.00 2.60 14.96
15 15.51+0.11 47.22+0.10 0.74+0.00 1.90 12.28
18 14.46+£0.09 | 43.65+0.11 0.74+0.00 1.00 6.94
21 14.21£0.05 | 40.08+0.11 0.74+0.00 1.03 7.26
24 13.88+0.08 36.11+0.09 0.74+0.00 0.95 6.85
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AT NN 4.16 UIUUNLBARALKN ﬂ?mmmmamwwm ﬂ%iﬂﬂ!glﬁﬂ ANUUVNVUHUDN

PG3HB) tazSunar PGHB) 1101889 B. megaterium P-12 Tunnzdsunanianaluiindes

A g o 1A o A 73 o S | v W
FUAY 70 NSUADANT Lazl5MYIFD 15 LﬂﬂﬁL%uﬂﬂlﬂﬁﬂ%NWﬁﬁ@WﬁWﬁLaﬂﬁl‘b’ﬂiuﬂfiﬂuﬂ

8R31M5NIU 600 rpm BATINT 1H0INA 1 vwm  AIUAN pH 1WA 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content
(h) (€] (g (€] (g (% by wt.)
0 1.56+0.08 72.88+0.05 2.90+0.04 - -
3 1.69£0.10 71.45+0.04 2.08+0.02 0.08 6.91
6 14.27+0.05 54.84+0.09 1.49+0.02 3.11 21.80
9 22.27+0.05 43.6+0.09 1.19+0.01 4.06 18.25
12 18.33£0.08 | 42.46+0.10 1.04+0.00 2.92 15.92
15 17.7£0.03 39.78+0.08 0.89+0.00 2.22 12.55
18 16.08+0.07 | 37.37+0.06 0.89+0.00 1.92 11.93
21 13.03+£0.02 | 36.08+0.10 0.89+0.00 1.98 15.19
24 11.95+0.11 31.12+0.04 0.89+0.00 1.87 15.62
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initial sugar % Time DCW residual cell n Yx/s

(g/) inoculum (h) (g/D sugar productivity (h_l) overall
@ (g//h)

5 6 7.23£0.01 0.49+0.09 1.07 0.37 0.63

10 10 6 7.41£0.04 0.50+0.08 1.06 0.33 0.61

15 6 7.77+0.08 0.46+0.06 1.10 0.31 0.60

5 6 9.09+0.06 2.63£0.03 1.37 0.39 0.45

20 10 6 11.894+0.06 | 1.83+0.06 1.80 0.39 0.55

15 6 12.65+0.08 | 1.53+0.05 1.87 0.36 0.53

5 6 13.2240.08 | 9.304+0.07 2.03 0.43 0.58

30 10 6 14.79+0.04 | 7.98+0.03 2.28 0.43 0.59

15 6 15.63+0.08 | 5.03+0.11 2.34 0.41 0.54

5 9 13.74+0.05 | 24.65+0.06 1.43 0.31 0.40

50 10 6 16.51+0.07 | 27.27+0.10 2.59 0.47 0.63

15 6 16.98+0.08 | 25.71+0.10 2.64 0.45 0.56

5 9 17.33+0.11 | 38.76+0.10 1.85 0.36 0.51

70 10 9 19.01+0.04 | 52.78+0.09 1.99 0.32 0.93

15 9 22.27+0.05 | 43.60+0.09 2.30 0.30 0.71
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A ? o ¢ v 3 g ~ Y 9
M3 4.18 Mmiinraduia Usinanimasiunavue Usmagse Anuduiuved PGHB)
A dy . A o 1 U I'4 1
wazSual P3HB) 101089 B. megaterium P-12 Nops1a@Iuveuraimsuouae lulasiou
WINY S 1 Tudansipuuia 5aa3  8ATINININ 600 tpm  BATINIIHOINA 1 vvm

ALY pH 1N 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (g (g (g (g (% by wt.)
0 1.07+0.04 31.03+0.09 4.88+0.02 - -

3 5.76+0.05 19.98+0.07 4.27+0.02 1.94 33.71

6 15.89+0.07 3.80+0.07 2.90+0.03 4.54 28.55

9 18.02+0.07 1.06+0.03 1.93+£0.01 3.86 21.40
12 16.08+0.08 1.02+0.07 1.66+0.01 2.84 17.69
15 13.86+0.10 0.99+0.09 1.52+0.00 1.99 14.38
18 13.56+0.12 0.94+0.03 1.30+0.00 1.17 8.62

21 13.22+0.09 0.93+0.03 1.30+0.00 1.10 8.33

24 12.89+0.10 0.92+0.06 1.30+0.00 0.53 4.09

33 3

A 3 o s Y 1 & ~ Yy g
A 421 dmingaduie Usmanhnasiunavue Usnagise aAnududuves PGHB)
A dy . A o U U 14 1
wazd3una PGHB) 1101084 B. megaterium P-12 Moasa@iuvearasmiveuas lulasau
WINY See 1 Tudansinuuia 5aas  8AIINIAIU G600 tpm  BAIIANT IHOINIA 1 vwm

ALY pH 11N 7.0
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= H o s Y ¥ 2 ~t Y 9
AT NN 4.19 UIHUNLBARALLH ﬂ?mmmmamumwm ‘lﬁlﬂﬂlgljﬂ ANUVNVUYDY P(BHB)

A dy . A o U 1 14 1
wazilsunu P(3HB) LUBLAYN B. megaterium P-12 w’aﬂﬁmwummemm’auﬂa'lﬂmmu

91AU 1088 1 TUDInINULIA 5 ans

ALY pH 1N 7.0

99131113034 600 rpm

901513190107 1 vwvm

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (g (g (g (g (% by wt.)
0 0.94+0.02 31.8+0.04 3.96+0.02 - -

3 5.49+0.04 24.61+0.03 3.19+0.03 2.00 36.42

6 13.54+0.07 8.37+0.07 2.4140.03 3.91 28.91

9 19.07+0.08 1.68+0.02 1.4940.02 4.97 26.08

12 18.66+0.06 1.40+0.04 1.30+0.00 4.34 23.28
15 17.31£0.02 1.33+0.05 1.08+0.00 3.92 22.67
18 15.19+0.03 1.09+0.03 1.01+0.00 2.25 14.82
21 12.02+0.05 1.08+0.13 1.01+0.00 1.40 11.66
24 10.94+0.10 1.02+0.08 1.01+0.00 0.68 6.23
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A 3 o s v H y a Y
M135199 4.20 minaauis BSuanhaasunaue USinaghe anududuves PGHB)
d‘ dy . d' [ 1 1 J 1
wazlSunal PGHB) 101884 B. megaterium P-12 Nops1a@Inveuraimsveuse lulasiau
901513190107 1 vwvm

MINY 1500 1 TUOIMANVUIA 58A5  OATINITNIU 600 rpm

ALY pH 1N 7.0

Time DCW Total sugar Urea P(3HB) conc. P(3HB) content

(h) (€] (g (g (€] (% by wt.)
0 1.13+0.11 31.01+0.03 2.99+0.01 - -

3 4.49+0.09 22.36+0.05 2.46+0.01 0.70 15.49

6 14.70+0.04 4.48+0.06 1.01+0.02 3.43 23.36

9 17.01+0.08 1.73+0.05 0.91+0.03 4.15 24.43
12 16.59+0.08 1.37+0.07 0.87+0.00 3.81 22.97
15 15.29+0.06 1.24+0.09 0.79+0.00 3.47 22.71

18 13.68+0.03 1.05+0.04 0.72+0.00 2.44 17.84
21 10.77+0.02 0.94+0.03 0.72+0.00 1.09 10.11
24 10.03+0.02 0.90+0.07 0.72+0.00 0.44 4.42
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A5 4.21 Llﬁﬂﬂ!ﬁﬂﬂuWﬁuﬂl%aﬁuﬁjﬁ IEFTRLN P(3HB) mmv{’fwffuﬁum P(3HB) 9831

a I v a @ a £ J1 o ~
HANAAUDAULAR DATINANANUDY P(3HB) Llagfmﬂﬁ3i’f‘l/lﬁﬂ?ﬂ?ﬂ!k“ﬁaaﬁﬂﬁﬂﬁlﬂﬁﬁﬂgﬂiﬂﬂ

4 1 i o U 1 14 1 1 [
Lﬁﬂlaﬂ\‘] B. megaterium P-12 ﬁ@ﬂi?ﬁ’)l&ﬂlﬂﬁllﬂaﬁﬂﬁﬂﬂuﬁlelLlIﬂi!ﬁ]Llﬂ'NG]ﬂu

C/N | time DCW P(3HB) P(3HB) Cell P(3HB) Yx/s
ratio (h) (g/) conc. content productivity | Productivity

(g/) (% by wt.) (g/1/h) (g/l/h)
5:1 9 18.02+0.07 3.86 21.40 1.88 0.43 0.57
10:1 9 19.07+0.08 4.97 26.08 2.01 0.55 0.60
15:1 9 17.01+0.08 4.15 24.43 1.76 0.46 0.54
27: 1% 6 14.79+0.04 3.45 23.32 2.28 0.57 0.59

= ) A3 v X ~
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B. megaterium P-12 Tudanain  8@5101302U 600 rpm 8A51MIINOINA 1 vwvm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) en sugar propionate (gh) conc. content (%)
(gh) (g (gh) (% by wt.) 3HB 3HV
0 1.34+£0.04 | 31.28+0.02 - 3.85+0.02 - - - -
3 7.12+0.08 | 28.21+0.03 1.68+0.15 3.55+0.03 | 2.12 29.78 100 0
6 12.56+0.03 | 19.12+0.05 1.26+0.18 2.47+0.03 | 3.48 27.71 98 2
9 18.44+0.04 | 13.86+0.05 0.98+0.21 1.08+£0.01 | 3.96 21.48 95 5
12 19.36+0.05 | 8.74+0.04 0.74+0.14 0.93+0.01 1.74 8.99 94 6
15 18.82+0.06 | 6.56+0.03 0.51+£0.25 0.77+£0.00 | 1.25 6.64 91 9
18 17.75+0.04 | 5.49+0.04 0.26+0.31 0.62+0.00 | 1.14 6.42 93 7
21 16.64+0.03 | 4.08+0.03 0.00+0.00 0.62+0.00 | 1.02 6.13 94 6
24 15.43+0.07 | 3.87+0.03 0.00+0.00 0.62+0.00 | 0.97 6.29 94 6
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megaterium P-12 TUSIWain 6ATINITINIU 600 rpm BATINTINOINA 1 vvm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) en sugar propionate (g conc. content (%)
(gh) (g (gh) (% by wt.) 3HB 3HV
0 1.56+0.05 31.41+£0.06 - 3.77+0.09 - - - -
3 6.87+0.05 29.48+0.06 3.35+0.35 | 2.90+0.05 2.06 30.03 100 0
6 11.70+£0.03 | 19.47+0.05 2.65+0.36 | 2.46+0.03 3.11 26.55 97 3
9 17.23+0.09 | 14.77+0.08 1.84+0.23 | 1.45+0.02 3.71 21.54 93 7
12 19.82+0.11 9.06+0.03 1.01£0.24 | 1.01+0.02 1.36 6.85 81 19
15 19.04+0.10 6.06+0.07 0.78+0.19 | 0.87+0.00 1.20 6.30 83 17
18 18.52+0.09 3.93+0.02 0.43+0.29 | 0.72+0.00 0.54 2.92 85 15
21 17.21£0.07 2.98+0.09 0.00+£0.00 | 0.72+0.00 0.39 2.26 86 14
24 16.57+0.07 2.72+0.04 0.00+0.00 | 0.72+0.00 0.82 4.96 87 13
—— < l./' l\

3 h < \ S

- NN \ X

i .A_\. j \\\ . 3

g:? / - N ULl &

= /"‘ \-\-'/ : “‘\ s M r

» J NN \ 2

- 3 / T\ TR

: f -~ N — i

." ' - ~ [ -

- g = - :

— L

o

e | ad A

- A e

- Tl e d

4 3 @ J 1 & a
AR 4.27 hmiinaauds USuanhmaswnaiue Usinagise Y5ma Taden TnsiTe

[ 4 4 a J 14
UA ﬂ’JHJLEIBIINEISJ}uGU’EN PHA 15119 PHA uazdadiuuouemes Lﬁammmmmimuwm

oA318IU

1:0.5

A y 9 3 Y v 1 a A d ~ 2
NANUVVUVHUINAUNIND 6 NTUNDANT VIGIf'JIINVI:SGU@\Tﬂ’]ﬁLaEN B.

megaterium P-12 TUsaniin 8a3101502U 600 rpm 631N 1KOIMA 1 vwm AIUAY pH

Y = < A a 1 4
NU 7.0 ( ¢ NUIIDI GH’JI?JQVIL@]NLLW@Q?YITU’OHNETN)




75

{ 2 o J ¥ 2 a
M3199 4.24 hminaauis BSuanhaasunsue USinaghe WsunaTxfen Tnsilo

[ 4 4 a J 4
UA ﬂ’JHJLSIBIIZJEIQJ}uéUfN PHA 15119 PHA uazdadiuuouemies Lﬁammmmmimumu

ons1aIu 1:1

A y 9 3 1w o 1 A A A 2
NANUAVNUVUUINAUNINY 6 NIUADAAT V]ﬂf')IﬂJ\ﬂ/]?)%@\?ﬂ’]ﬁlaﬂQB.

megaterium P-12 TUSIWain 6A5ININIU 600 rpm BATINTIROINA 1 vwm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (g conc. content (mol %)
(gh) (g (g/h) (% by wt.) 3HB 3HV

0 1.13+0.06 | 31.16+0.06 - 3.62+0.06 - - - -
3 6.25+0.05 | 28.33+0.06 | 6.10+0.26 | 3.33+0.05 2.07 33.19 100 0
6 12.65+0.09 | 15.32+0.09 | 5.96+0.29 | 2.61+0.04 | 2.75 21.72 93 7
9 16.17+£0.12 | 9.91+0.03 4.33+0.34 | 1.45£0.04 | 2.98 18.42 89 11
12 19.69+0.11 | 5.28+0.08 3.43+0.31 | 0.87+0.03 2.75 13.96 83 17
15 18.41+0.04 | 3.80+0.05 1.76+£0.25 | 0.72+0.00 1.70 9.26 82 18
18 17.73+0.05 | 3.23+0.04 1.21£0.27 | 0.72+0.00 1.74 9.84 83 17
21 17.38+0.05 | 3.20+0.08 0.80+0.31 | 0.72+0.00 1.05 6.06 85 15
24 16.22+0.07 | 3.04+0.04 0.21+£0.37 | 0.72+0.00 | 0.80 491 86 14
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megaterium P-12 Tusavain 8@51N130IU 600 rpm ©ATINTIROINA 1 vwm AIUAY pH

1101 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) en sugar propionate (gh) conc. content (mol %)
(g (g (g/h) (% by wt.) 3HB 3HV
0 176006 | 31.26£0.07 - 4.01£0.05 | - - - -
3 7.12£0.05 | 22.68+0.04 \ 3.7040.04 | 2.29 32.22 100 0
6 | 14.15£0.08 | 14.60+0.05 | 1.624035 | 2.93£0.04 | 434 30.69 100 0
9 |20.79£0.09 | 7.69+0.09 | 1.184028 | 1.08£0.02 | 5.62 27.02 96 4
12 | 21.18+0.04 | 2.07£0.05 | 0562032 | 0.9320.01 | 3.91 18.47 92 8
15 | 19.03£0.03 | 1.94:0.07 | 0.24£026 | 0.77+0.00 | 2.10 11.03 89 11
18 | 18.49£0.10 | 1.84£0.02 | 0.00£0.00 | 0.62£0.00 | 1.67 9.01 91 9
21 | 16.29£0.09 | 1.66£0.03 | 0.00£0.00 | 0.62£0.00 | 1.48 9.10 92 8
24 | 15.56£0.08 | 1.61£0.08 | 0.00£0.00 | 0.62£0.00 | 1.52 9.76 93 7
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megaterium P-12 TU8Inain 8ATINIINIU 600 rpm ©ATINTINOINA 1 vwm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) (g sugar propionate (g/h) conc. content (mol %)
(g (g (g (% by wt.) 3HB 3HV
0 1.34+£0.06 | 31.16+0.04 - 3.91+0.05 - - - -
3 6.37+£0.06 | 25.18+0.01 - 3.48+0.03 1.97 30.91 100 0
6 16.11+0.10 | 16.98+0.03 3.14+£0.29 | 2.32+0.01 | 4.56 28.32 100 0
9 19.92+0.11 | 9.47+0.03 2.22+0.37 | 1.01+0.01 | 5.96 29.90 89 11
12 20.56+0.09 | 6.07+0.06 1.25+0.25 | 0.87+0.00 | 4.50 21.87 87 13
15 19.52+0.04 | 4.82+0.07 0.86+0.27 | 0.72+0.00 | 1.95 9.98 88 12
18 17.29+£0.06 | 3.46+0.03 0.49+0.35 | 0.72+0.00 | 1.25 7.25 91 9
21 16.48+0.08 | 3.09+0.05 0.23+£0.34 | 0.72+0.00 | 1.20 7.28 93 7
24 15.04+£0.08 | 2.59+0.05 0.15+£0.23 | 0.72+0.00 | 1.18 7.86 92 8
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megaterium P-12 Tusanain  ©A51MINIU 600 rpm  ©ATINIINOINA 1 vwm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) en sugar propionate (g conc. content (mol %)
(g (gh) (g/h) (% by wt.) 3HB 3HV
0 1.27+0.05 | 31.06+0.04 - 3.77+0.04 - - - -
3 6.05+£0.05 | 22.44+0.06 - 3.33£0.04 | 2.29 37.88 100 0
6 14.88+0.03 | 14.37+0.03 | 6.28+0.38 | 2.46+0.03 5.99 40.23 100 0
9 19.86+0.08 | 5.21+0.03 4724026 | 1.16+£0.02 | 5.13 25.81 94 6
12 21.65+0.09 | 2.42+0.09 3.46+0.29 1.01+£0.00 | 4.51 20.83 86 14
15 19.59+0.11 | 2.13+0.05 1.84+0.34 | 0.87+0.00 | 2.80 14.28 80 20
18 17.59+0.11 | 2.11+0.06 0.94+£0.23 | 0.87%0.00 1.61 9.14 83 17
21 14.52+0.03 | 2.07+0.02 0.38+0.27 | 0.87+0.00 1.03 7.09 91 9
24 12.32+0.06 | 2.03+0.07 0.00+£0.00 | 0.87+0.00 | 0.59 4.78 96 4
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megaterium P-12 Tu8anain  ©A51MINIU 600 rpm  ©ATINIIHOINA 1 vvm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) en sugar propionate (gh) conc. content (mol %)
(€0)) (gN) (g (% by wt.) 3HB 3HV
0 1.64+0.11 | 31.33+0.04 - 3.85+0.04 - - - -
3 6.60+0.13 | 24.68+0.03 2 3.55+0.03 | 1.65 25.04 100 0
6 15.40+0.09 | 21.7940.06 | 1.71+0.41 | 2.31+0.03 | 4.30 27.93 100 0
9 20.47+0.07 | 13.884+0.07 | 1.34+0.27 | 0.93+0.02 | 4.82 23.55 92 8
12 22.69+0.04 | 7.86+0.09 | 0.98+0.38 | 0.77+0.01 | 4.05 17.87 88 12
15 19.31+0.06 | 3.92+40.05 0.35+0.29 | 0.62+0.00 | 2.67 13.82 87 13
18 16.24+0.05 | 3.23+0.07 | 0.13+£0.26 | 0.47+0.00 | 2.07 12.75 86 14
21 15.30+0.05 | 2.84+0.05 0.00£0.00 | 0.47+0.00 | 1.51 9.90 89 11
24 14.20+0.09 | 2.40+0.08 0.00£0.00 | 0.47+0.00 | 0.76 5.34 90 10
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megaterium P-12 Tu8avain  ©A51M30IU 600 rpm ©ATINTIHOINA 1 vvm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(gh) (g (g/h) (% by wt.) 3HB 3HV
0 1.52+0.06 | 31.09+0.03 - 3.77+0.05 - . . B
3 7.87+0.12 | 24.96+0.02 - 3.484+0.03 | 1.32 16.79 100 0
6 13.194+0.09 | 20.79+0.05 4.54+£0.28 2.17£0.03 | 5.43 41.20 100 0
9 20.31+0.08 | 13.02+0.05 4.22+0.35 1.16+£0.02 | 4.67 23.01 83 17
12 | 22.50£0.06 | 9.11£0.06 | 2.60£0.40 | 0.72+0.00 | 4.19 18.63 81 19
15 18.32+0.07 | 7.77+0.04 1.71£0.31 0.58+0.00 | 3.05 16.63 79 21
18 16.77+0.07 | 6.424+0.09 0.83+0.26 0.584+0.00 | 1.47 8.75 77 23
21 15.34+0.03 | 5.67+0.04 0.69+0.29 0.58+0.00 | 0.99 7.39 81 19
24 14.13+0.04 | 5.29+0.03 0.46+0.26 0.58+0.00 | 0.37 7.03 83 17
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megaterium P-12 TU8avain  ©A51M130IU 600 rpm ©ATINTIHOINA 1 vvm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(gN) (g (g (% by wt.) 3HB 3HV
0 1.56+£0.06 | 31.33+0.05 - 3.91+0.02 - . . B
3 8.74+0.06 | 24.83+0.07 - 3.33+0.01 | 2.43 27.80 100 0
6 15.80+0.12 | 21.77+0.08 9.76+0.35 2.32+0.03 | 4.22 26.71 100 0
9 20.78+0.09 | 13.54+0.03 9.07+0.24 1.45+0.02 | 2.62 13.96 90 10
12 21.36+0.04 | 8.22+0.04 8.91+0.38 1.16+0.00 1.59 8.39 85 15
15 20.99+0.05 | 4.09+0.07 7.50+£0.29 0.58+0.00 | 1.99 10.27 81 19
18 18.93+0.08 | 3.48+0.05 6.75+0.41 0.58+0.00 | 1.68 9.67 76 24
21 17.80+0.07 | 3.21£0.05 | 3.43£0.26 | 0.58+0.00 | 1.27 8.01 77 23
24 | 15.9140.10 | 3.04+£0.09 | 2.82#£0.36 | 0.58+0.00 | 1.21 7.60 80 20
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megaterium P-12 Tunanin

A4 A 2
VIGJS’JIMWI 9 UBINILAY B.

8R3INITNIU 600 rpm  BATINT 1HOINMA 1 vwm AIUAN pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(gh) (g (g/h) (% by wt.) 3HB 3HV
0 1.56+£0.02 | 32.03+0.04 - 3.8540.05 - - - -
3 7.95+0.11 | 23.51+0.05 - 3.70£0.04 | 2.23 28.05 100 0
6 15.284+0.05 | 9.56+0.03 2 2.47+0.04 | 3.18 20.81 100 0
9 21.34+0.04 | 8.46+0.04 1.68+0.39 0.93+0.03 | 3.58 16.78 100 0
12 19.26+0.03 | 7.68+0.03 1.34+0.25 0.77+£0.02 | 2.69 13.97 97 3
15 18.15+0.03 | 7.21+0.02 1.12+0.36 0.62+0.00 | 2.11 10.95 91 9
18 17.97+0.04 | 6.95+0.02 0.97+0.25 0.31+£0.00 | 1.49 8.31 88 12
21 16.54+0.03 | 6.12+0.07 0.76+0.37 0.31+£0.00 | 1.36 8.22 90 10
24 15.87+0.08 | 6.08+0.05 0.51+0.28 0.31+£0.00 | 0.79 4.98 92 8
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megaterium P-12 TU8avain  ©A51N130IU 600 rpm ©ATINTIHOINA 1 vvm AIUAY pH

MINY 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(gh) (g (g (% by wt.) 3HB 3HV
0 1.18+0.05 | 31.21+0.06 - 3.91+0.05 - - - R
3 7.3240.06 | 22.98+0.04 - 3.484+0.05 | 2.02 27.54 100 0
6 15.63£0.03 | 8.95+0.05 - 2.17£0.02 | 3.51 22.45 100 0
9 20.23+0.12 | 8.23+0.03 3.17+0.43 1.74+0.01 | 3.63 20.80 100 0
12 18.58+0.04 | 7.64+0.04 2.57+0.38 1.30+0.00 | 2.45 13.19 93 7
15 17.19£0.06 | 7.25+0.02 2.35+0.29 1.16+0.00 | 1.97 11.48 83 17
18 16.85+0.11 | 6.984+0.08 1.97+0.31 0.87+£0.00 | 1.53 9.09 81 19
21 16.68+0.10 | 6.52+0.06 1.55+0.37 0.87+0.00 | 1.33 7.95 82 18
24 15.93+£0.09 | 6.41+0.09 1.14+0.40 0.87+0.00 | 0.65 4.11 83 17
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megaterium P-12 Tusavain - ©A5IM1INIU 600 rpm  ©ATINTINOINA 1 vwm AIUAY pH

MINY 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar (g/l) | propionate (gh) conc. content (mol %)
(g @@ | (%bywt) | 3HB 3HV
0 1.29£0.05 | 31.05+0.04 - 3.91+0.04 - - - -
3 6.29+0.03 | 24.50+0.03 - 3.33£0.03 | 1.28 20.40 100 0
6 14.27+0.09 | 12.21+0.04 - 2.17+0.03 | 2.87 20.11 100 0
9 19.1240.13 | 7.68+0.05 | 6.28+0.41 | 1.59£0.02 | 3.22 16.83 100 0
12 | 16.70£0.11 | 7.18+£0.05 | 5.35+0.29 | 1.45£0.00 | 2.48 14.84 89 11
15 | 16.67£0.09 | 7.16+0.03 | 4.81+0.34 | 1.30+0.00 | 1.61 9.69 86 14
18 | 16.35£0.07 | 7.12+0.02 | 4.10£0.25 | 1.01+0.00 | 171 10.46 80 20
21 16.13£0.10 | 7.09+0.07 | 3.41+0.32 | 1.01£0.00 | 1,00 6.23 83 17
24 | 16.01£0.05 | 7.04£0.06 | 2.96+037 | 1.01£0.00 | 0.78 4.87 82 18
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A y v ¥ Y v 1 Aa A A 1
NANUVVUYHUINAUNIND 9 NTUNDANT 1/]6]5')11]\11/] 9 YDINITIAYY B.

megaterium P-12 Tu8avain  ©A51M30IU 600 rpm ©ATINTIHOINA 1 vvm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(gN) (g (g (% by wt.) 3HB 3HV
0 1.43+0.07 | 31.46+0.05 - 3.8540.03 - - - -
3 7.45+0.09 | 25.98+0.07 - 3.55£0.04 | 1.52 20.40 100 0
6 15.12+0.06 | 12.35+0.08 2 2.62+0.02 | 3.15 20.83 100 0
9 21.08+0.11 | 17.59+0.04 2.41+0.34 1.08+0.01 | 3.39 16.08 100 0
12 20.48+0.05 | 12.42+0.03 2.04+0.46 0.77+£0.00 | 2.45 11.96 95 5
15 19.21+0.12 | 9.73+0.09 1.55+0.26 0.47+£0.00 | 2.27 11.82 90 10
18 18.47+0.09 | 9.28+0.05 1.32+0.29 0.47+0.00 | 2.01 10.88 86 14
21 17.95+0.04 | 8.23+0.06 1.06+0.37 0.47+£0.00 | 1.74 9.69 87 13
24 17.72+0.06 | 8.14+0.03 0.89+0.34 0.47+0.00 | 1.02 5.76 87 13
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A y v ¥ Y v 1 Aa A A 1
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megaterium P-12 Tu8avain  ©A51M30IU 600 rpm ©ATINTIHOINA 1 vvm AIUAY pH

1101 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(gh) (g (g/h) (% by wt.) 3HB 3HV
0 1.2840.11 | 31.40+0.06 - 3.91+0.05 - - - -
3 7.26+0.09 | 26.38+0.04 - 3.4840.03 | 1.51 20.76 100 0
6 14.8740.09 | 14.26+0.07 - 2.17£0.01 | 3.09 20.78 100 0
9 20.71£0.05 | 18.50+0.05 | 4.69+0.42 | 1.74+0.01 | 3.45 16.68 100 0
12 19.25+0.06 | 12.79+0.05 | 4.02+0.38 | 1.30+0.01 | 2.32 12.45 90 10
15 18.51+0.03 | 10.96+0.09 | 3.18+0.29 | 1.16+0.00 | 2.28 12.32 82 18
18 17.22+0.08 | 10.03+0.03 | 2.67+0.25 | 0.87£0.00 | 1.9] 11.10 80 20
21 16.49+0.07 | 9.40+0.04 2.13+0.32 | 0.87+0.00 | 124 7.50 83 17
24 16.32+0.02 | 8.90+0.08 1.72+0.38 | 0.87+0.00 | (.50 3.08 83 17
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megaterium P-12 Tudavain  ©A5ININIU 600 rpm  ©ATINIIHOINA 1 vvm AIUAY pH

MINY 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(g (gN) @@ | (%bywt) | 3HB 3HV
0 1.34+0.09 | 31.310.08 - 3.91+0.05 - - - ;
3 6.43+0.05 | 27.84+0.07 - 3.48+0.03 | 1.90 29.62 100 0
6 13.97+0.05 | 15.510.05 = 1.88+0.01 | 3.19 22.86 100 0
9 20.45+0.07 | 17.63+0.05 | 9.53+£0.27 | 1.45+0.01 | 3.30 16.14 100 0
12 | 18.73+0.10 | 11.85+0.03 | 8.36+0.29 | 1.01+0.00 | 2.19 11.69 92 8
15 | 18.25£0.09 | 10.26£0.04 | 6.96+0.34 | 0.87+0.00 | 1.92 10.50 77 23
18 | 16.43+0.12 | 9.88+0.08 | 5.30+0.42 | 0.87+0.00 | 184 11.21 81 19
21 16.18+0.11 | 9.29£0.02 | 4.90+0.36 | 0.87£0.00 | 157 9.70 82 18
24 | 15.15£0.04 | 8.58+0.06 | 3.20+0.35 | 0.87+0.00 | 0.84 5.56 82 18
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megaterium P-12 TU8avain  ©A351M30IU 600 rpm ©ATINIIHOINA 1 vvm AIUAY pH

N 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(gh) (g (g/h) (% by wt.) 3HB 3HV
0 1.35+0.08 | 30.97+0.05 - 4.01+0.04 - . . B
3 8.14+0.11 | 25.64+0.05 - 3.70+0.02 | 1.68 20.64 100 0
6 15.954+0.09 | 16.42+0.04 - 2.62+0.01 | 3.41 21.38 100 0
9 22.06+0.05 | 22.59+0.07 3.49+0.39 1.24+0.01 | 3.62 16.41 100 0
12 21.38+0.03 | 15.36+0.08 3.12+0.25 0.93+0.01 | 2.44 11.41 90 10
15 20.26+0.07 | 14.73+0.02 2.58+0.31 0.77+£0.00 | 2.12 10.46 82 18
18 19.54+0.06 | 14.12+0.03 2.06+£0.26 0.62+0.00 | 1.85 9.47 80 20
21 18.63+0.06 | 13.98+0.07 1.83+0.29 0.62+0.00 | 1.67 8.96 81 19
24 17.98+0.09 | 13.75+0.04 1.64+0.35 0.62+0.00 | 1.08 6.01 82 18
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megaterium P-12 Tu8avain  ©A51M30IU 600 rpm ©ATINTIHOINA 1 vvm AIUAY pH

MINY 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar propionate (gh) conc. content (mol %)
(g (gN) @@ | (%bywt) | 3HB 3HV
0 1.38£0.11 | 31.56+0.05 - 3.77+0.04 - - - -
3 7.86£0.04 | 26.88+0.03 - 3.48+0.03 | 1.49 18.99 100 0
6 15.13+0.12 | 15.23+0.07 - 2.03+0.01 | 2.98 19.71 100 0
9 21.65+0.07 | 23.49£0.04 | 6.85+0.38 | 1.88+0.01 | 3.15 14.56 100 0
12 | 19.87+0.08 | 16.14+0.04 | 6.11+0.41 | 1.45£0.00 | 223 12.69 89 11
15 | 17.98£0.04 | 14.55£0.09 | 5.23+025 | 1.01+0.00 | 2.07 11.51 81 19
18 | 17.10£0.09 | 13.04£0.02 | 4.22+0.32 | 1.01+0.00 | 172 10.64 77 23
21 15.79+0.03 | 12.68+0.06 | 4.09+0.37 | 1.01£0.00 | 1,09 8.64 80 20
24 | 15.3420.03 | 12.17£0.07 | 3.41x0.43 | 1.01£0.00 | 0.51 4.12 82 18
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megaterium P-12 Tu8anain  ©A51MINIU 600 rpm ©ATINTINOINA 1 vwm  AIUAY pH

1101 7.0
Time DCW Total Sodium Urea PHA PHA Momomer fraction
(h) ()] sugar (g/l) | propionate (gh) conc. content (mol %)
(g (g/h) (% by wt.) 3HB 3HV
0 1.86+0.11 | 31.11%0.05 - 3.91+0.03 - ; - .
3 7.98+0.05 | 26.7140.06 \ 3.48+0.02 | 1.90 29.62 100 0
6 15.34+0.08 14.87+0.03 - 2.17+0.02 3.19 22.86 100 0
9 21.32+0.08 | 21.46+0.08 | 12.74+0.32 | 2.03£0.01 | 3.30 16.14 100 0
12 17.45+0.04 | 15.12£0.06 | 11.96+0.41 | 1.59+0.01 | 2.19 11.69 87 13
15 17.14+£0.09 | 14.23+0.05 | 10.31+0.28 | 1.16+0.00 | 1.92 10.50 78 22
18 16.24+0.06 | 12.84+0.09 | 8.62+0.24 | 1.16£0.00 | .84 11.21 75 25
21 15.2140.03 | 12.17#0.03 | 7.55+0.35 | 1.16+0.00 | 157 9.70 78 22
24 14.28+0.07 | 11.76£0.02 | 6.21+0.38 | 1.16£0.00 | (.84 5.56 79 21
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Time* Fed sugar** Cultivation DCW (g/) PHBY conc. Monomer cell productivity PHBY productivity
(h) (gh) time (h) (g/h fraction (mol %) (g/l/h) (g/l/h)
3HB 3HV
6 12.56+0.03 3.48 95 5 2.09 0.44
. ¢ 9 18.44+0.04 3.96 94 6 2.05 0.15
9 20.79+0.09 5.62 96 4 2.31 0.62
° ° 12 21.18+0.04 3.91 92 8 1.77 0.33
9 20.47+0.07 3.82 92 8 2.27 0.42
¢ ’ 12 22.69+0.04 4.05 88 12 1.89 0.34
12 19.26+0.03 2.69 97 3 1.61 0.22
’ ° 15 18.15+0.03 2.11 91 9 1.21 0.14
12 20.48+0.05 2.45 95 5 1.71 0.20
’ ’ 15 19.21£0.12 2.27 95 10 1.28 0.15
12 21.38+0.03 2.44 90 10 1.78 0.20
’ . 15 20.26+0.07 2.12 82 18 1.35 0.14
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Time* Fed sugar** Cultivation DCW (g/l) PHBY conc. Monomer cell productivity PHBY productivity
(h) (gh) time (h) (g/h fraction (mol %) (g/l/h) (g/l/h)
3HB 3HV

6 11.70+0.03 3.11 97 3 1.95 0.52
. ¢ 9 17.23+0.09 3.71 93 7 1.91 0.41
9 19.92+0.11 5.96 89 11 2.21 0.66
° ° 12 20.56+0.09 4.50 87 13 1.71 0.37
9 20.31+0.08 4.67 &3 17 2.26 0.52
° ’ 12 22.50+0.06 4.19 81 19 1.88 0.35
12 18.58+0.04 2.45 93 7 1.55 0.20
’ ° 15 17.19+0.06 1.97 83 17 1.15 0.16
12 19.25+0.06 2.32 90 10 1.60 0.19
’ ’ 15 18.51+0.03 2.28 82 18 1.23 0.18
12 19.87+0.08 2.23 89 11 1.66 0.19
’ . 15 17.98+0.04 2.07 81 19 1.20 0.17
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Time* Fed sugar** Cultivation DCW (g/l) PHBY conc. Monomer cell productivity PHBY productivity
(h) (gh) time (h) (g/h fraction (mol %) (g/l/h) (g/l/h)
3HB 3HV
6 12.65+0.09 2.75 93 7 2.11 0.31
. ¢ 9 16.17+0.12 2.98 89 11 1.80 0.33
9 19.86+0.08 5.13 94 6 2.21 0.57
¢ ¢ 12 21.65+0.09 4.51 86 14 1.80 0.38
9 20.78+0.09 2.62 90 10 2.31 0.29
° ’ 12 21.36+0.04 1.59 85 15 1.78 0.13
12 16.70+0.11 2.48 89 11 1.39 0.21
’ ° 15 16.67+0.09 1.61 86 14 1.11 0.13
12 18.73+£0.10 2.19 92 8 1.56 0.18
’ ’ 15 18.254+0.09 1.92 77 23 1.22 0.16
12 17.45+0.04 2.05 87 13 1.45 0.17
’ . 15 17.14+0.09 1.84 78 22 1.14 0.15
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Y v v Y
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1 4 ~ 9 I g}/ 9 4 A A 1
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4 Y o YR A A a A k)
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dy . d' = 4 [
M51889 B. megaterium P-12 Tunnzimimnzeay IneldSuanouswos 3HV 10y 17 Tua
S I 4 4 I o 1 4 [ )
osiFud esnnlludadruimuizavaonisinlUldan  (Sudesh wazamz, 2000 ;
Volova, 2004 1ag Rudnik, 2008)  WUNAWIANNQUUYN ¥4  PHBV  Nom#gil
Haoural (Tm) uazqmwgﬁnmﬁmm?ﬁﬁu (Tg) AL 162.2 1AL -0.9 oeA ALK d
MUAIAY FULATFING WU tensile strength NNV 41 MPa  elastic modulus IMAY 2.4

T w S 3 4
GPa 11 % elongation M1NY 2.7 Wesiua (MANUIN 1)
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Strains 3HB/3HV-generating Culture PHBV PHBV PHBV Monomer References
carbon source mode conc. content productivity 3HV
(M (% by wt.) (gM
Bacillus megaterium P-12 sugarcane-liquor/sodium batch 4.67 23, 0.52 17 qm%’a‘ﬁ
propionate (two-phase)
Bacillus megaterium P-12 sugarcane-liquor/sodium batch 0.71 24 0.08 18 ATIUNAD FULH ‘1/1%1 2553
propionate
Bacillus megaterium BA-019 | sucrose/ sodium propionate batch 1.54 32 ND 20 qan q MU é, 2542
Cupriavidus necator waste rapeseed oil/propionate batch 7.30 52 0.09 13 Obruca lagnae, 2010
Caldimonas taiwanesis gluconate/propionate batch 1.04 52 ND 12 Sheu itagaAMe, 2009
Corynebacterium glutamicum | glucose/propionate fed-batch 6.00 47 ND 28 Matsumoto LiagAME, 2011
Burkholderia sacchari sucrose/propionic acid fed-batch ND 60 1.00 10 Rocha lagame, 2008
(pH-stat)
Ralstonia eutropha glucose/sodium propionate fed-batch 2.71 40 0.25 40 Yu sagame, 2005
Ralstonia eutropha whey,invert sugar/propionic fed-batch 3.93 37 0.17 38 Marangoni ag A, 2002
acid
Ralstonia eutropha glucose/ propionic acid pulse feeding 44.1 80 0.82 10 Du tagaueg, 2001
Ralstonia eutropha glucose/ propionic acid feeding 8.40 28 0.28 10 Marangoni LagAME, 2000

= [= 9
ND #“©u1gaa "lumwmmﬁuayja
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5.4 audAMIMaMntazguvgiiveslnnedines PHBVY finanléiain B. megaterium P-12

[

wa A a a 4 2 ] o 1 14
antaEnatazgurglveslanedwes PHBV Yusgiudadiuueuomios 3HV lu
a J { o 1 1w
PHBV (Loo 118 Sudesh, 2007) 91nMsANEILAZAATIEH PHBV Nldad uvues 3HV 1110
J 3 J = [ wa A o 1 1 o
17 Tuandesigud TasfSeumounuaniiaves PHBYV Ndadiu 3HV A9 (Aduaasly
M3 5.3) WU gungiivaouyal guugiinaans gy Imlndifesnn PHBV Afl
dadiuved 3HV Indifeeadu dauauti@i¥ena Ao tensile stress AT % elongation A1
1 @ 1 . = 1 9 ° L=t A 1 9 I [
uaANANY 1A % elongation NAIABUYIIA LAAINNANNIANGUTRY 0191 T W12
PHBV #iana lalidudetlueg i lauian lauanaeninauisedus Jeaglldan pHBY @

a FY A aa 1 o 1 1 ' Y
Na@]]lﬂﬁﬁiJ‘]JGW]NQﬂAWQSJﬁLWiJ'I%ﬁSJ ’mufm°ussl1/1Nmfm1wwumﬁmm%wqu"lqumuﬂ

MsNn 5.3 nfSeumsuauianianieninuas gun)ived PHAAE polypropylene NdAdIN

3HV #1901 (Holmes LazaAde, 1985 : Doi, 1990)

Types Composition Melting Glass Tensile  Elongation  Elastic
Mol % HV  Temperature transition Strength (%) modulus
o) Temperature (MPa) (GPa)
)
PP - 176 -10 38 400 3.5
PHB - 179 10 40 4 3.8
PHBV 3 170 8 38 ND ND
9 162 6 37 ND ND
11 157 2 38 5 3.7
14 150 4 35 ND ND
17* 162 -0.9 41 2.7 2.4
20 145 -1 32 27 1.9
25 137 -6 30 ND ND
28 102 -8 21 700 1.5
34 97 -9 18 970 1.2

[

ao &
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