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Synthesis of Copolymeric PHA by Hydrogenophaga pseudoflava and Ralstonia eutropha H16 from Vari-
ous Lactones and Their Microstructural Studies. Jang, Young-Ok, Won Nam, Mun-Hwan Choi, Jae-
Jun Song!, and Sung-Chul Yoon. Biomaterials Science Laboratory, Division of Life Science, Gyeongsang
National University, Chinju 660-701, Korea, 'Department of Polymer Science and Engineering, University of
Massachusetts, Amherst, MAOT003, USA — Two types of copolyesters, poly(3-hydroxybutyric acid-co-4-hydroxy-
butyric acid)[P(3HB-co-4HB)] and poly(3-hydroxybutyric acid-co-3-hydroxyvaleric acid)[P(3HB-co-3HV)], with
various monomer ratios and different degree of microstructural heterogeneity were synthesized from Ralstonia
eutropha H16 and Hydrogenophaga pseudoflava by using vy-butyrolactone and y-valerolactone, respectively. The
two bacteria showed a large difference in the utilization of y-butyrolactone for cell growth and PHA synthesis. H.
pseudoflava synthesized P(3HB-co-4HB) copolyesters with a wide range of 4HB content from 13 to 96 mol%
depending on culture conditions, while R. eutropha H16 was able to synthesize the copolyesters containing less than
20 mol% of 4HB. An increase in the 4HB content in the P(3HB-co-4HB) copolyesters synthesized by H. pseud-
oflava induced an lowering of their melting temperatures as well as their enthalpies of fusion. The increase in the
4HB content, however, increased the rate of degradation by an extracellular P(3HB) depolymerase. NMR spectros-
copy and differential scanning calorimetry showed that the P(3HB-co-4HB) copolyesters from H. pseudoflava were
generally microstructurally heterogeneous. The P(3HB-co-4HB) copolyesters synthesized by R. eutropha H16 were
rather random copolymers showing less microstructural heterogeneity than those synthesized by H. pseudoflava.
The NMR D value analysis suggested that the monomer distribution of the P(3HB-co-3HV) copolymers from the
two bacteria were relatively random.

Key words: SCL-PHA, y-butyrolactone, y-valerolactone, NMR, microstructural heterogeneity, Hydro-
genophaga pseudoflava, Ralstonia eutropha H16
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P(3HB-co-3HV) F5¥E=", 19814 9352 ICK
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eutropha®ll )8 A}, “Biopol”elels AMEFH O AlH3k
olel AldAH HFAAL SHollM B AU} o] FeiA |2
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AZ o) AZA FFeke] oF 21~28 wi%7FA| P(4HB) homo-
polymerE 333} Comamonas acidovorans DS-173
Bajsleivi22]. =3t & 52 Hydrogenophaga pseudoflava
57} glucose?} 7 -butyrolactone®] F571AeA vloFst
®xw 249 PGHB-co-4HB) ZEFAEL A 3hd,
©=7|- 2y -butyrolactone & ZH-E] wjeFHlHel| wle} P
(3HB-co-4HB) ¥=3H\} P(4HB) homopolymerZ ¥4I gH
o3 B skl w4,6].
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P(3HB-co-4HB) 352 44 AAS 2ARBN w4
TFEeke] AIAE FARBIT vRR|HCE R eutropha
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NMR £333te]] 23l #elsisin.
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A Alfel Hydrogenophaga pseudoflava ATCC 336687}
Ralstonia eutropha HI16(ATCC 17699)2 2  American
Type Culture CollectionollA FU3Idch. £ 7<) ARg3t
W)= nutrient broth ¥JX], Luria-Bertani(LB) ®#}#], 1|1
mineral salt ¥iX]93t}. Nutrient broth ¥§X](1% yeast extract,
1.5% nutrient broth, 0.4% (NH4),SO,4, pH 7.0y= 52|
frAleh B3k, 2|l F wlekS $sl ARg-slgom, JrA|uy
AE 18] 1.5%%] Bacto agars H7}slicl. E=jv &4
shel Algte] A A 4= Qi dhlAZE LB WiAE A
43)93=1], tryptone 10g, yeast extract Sg, 8] NaCl
10g°] 1L(pH 7.0pl So13)3= wiAIAE. PHA @M=
mineral salt MAE AHEEt o, 242 Ha3 2o
MgSO,4- 7TH,O 0.4 g, NaHCO; 04 g, CaCl,-2H,O 02 g,
Fe(NH,), - citrate 0.05 g, microele-ment -84 1mle] 119 30
mM KH,PO4/Na,HPO,- 12H,0 buffer (pH 7.0 13
or, Zb gas Adad @R eEE I8
w2} HEA| .
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o}, wjA]e)] Folal= NH, Y F2 Nessler AeFHe=2 A
gkslgdri[12]. A7t whE y-butyrolactone?] ¥ PHAS]
B ZAHI= Carbowax column(Hewlett Packard)}
flame ionization detector(FID)7} A*}% gas chromato-
graph(Hewlett Packard 5890A)Z. ¥4 351910} 3,4].
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H. pseudoflava®} R. eutropha H16 o455 27+ Sml
©] nutrient broth7} Eo1 & APl AHFRHF o 15
AlZREsE wieksldeh. 1Al wickellME AEAE PHA
FAAAA oF 72 AZE wioFsled ErlH] HAE 53]
Az, 24 wiekellMe HEAS JohilR|elM 24 AZE
woFgtF PHA A2 &4 oo A4S sk
o). H pseudoflava$t R. eutropha H165 27+ 35°C2}
30°CelA, 190 pme2 =A% Flehflr](3=7])7], A,
el M TR CR wicksldet. wiekst AlES Al
22)(7,000 rpm, 10 min)dled ARAZ] F A E2] Z2lo)
2EE S22 EE 407 FEIT vshE Sl A
XA saie] sidoH4]. E=2192) purity= gas chromato-
graphy ¥4 22 glslT}[3,4].

Z2|0fAE2] 2A{dY



NMR spectroscopy

£eReld ZmEe] 2er unitd] A 242 'H
NMR(Bruker-DRX 500 MHz spectrometer)® 24 3}93 o}
[4,5]. Zel) 2Bl E2] dyad sequence® ZA37] 43l
Varian UNITY-300 spectrometer =+ Bruker-DRX 500
NMR spectrometer25E} 'H noise decoupled *C NMR
o ERS 73l vH4,29].

Differential scanning calorimetry(DSC)

Zao| 2B L2 fE]%lo]l & (glass transition tempera-
ture, Ty), 3 (melting temperature, Ty), -8-3l < (enthalpy
of fusion, AH) §<= TA differential scanning calorimeter
(DuPont 2100, DSC V4.0B)S ©]-43ld &43)sict AlE
2x¥e 24, Axd v A85E F sz A4
7} dopsF A0A o 10574% B3t § d8H
S Agsiele 4 AR e o 10mgdEE e
A|BE A -100°CelA 200°C7HAl 10°C/min®. 7}E8F 3
Aglcbh ol e 2RI Fhdskis T, A
DSC endotherm® Z4E] 31517, T d-aepe) Wb}
dofls= 228 mid-points B3I} calorimetric calibra-
tion?ll = indium(InyS- o|-&3}3iw}.

Enzymatic degradation

Hydrogenophaga pseudoflava®-¥] %2]% P(3HB-co-
MHB) BEIAE) T2 PalE V) S} B2
Bl EFHES B9 5% SH(wov) R T F EES
2 castingd}9dvH23]. 50 mM  Tricine-NaOH/0.01l mM CaCl,
Lol (pH 8.0 2.0cm? FHH(1.0cmx 1.0cm)®] TEF
3} Aspergillus fumigatus®] PHB Fsl&A 20 ul (42 pg/
ml protein)g g2 ¥ 45°CollM dAAIZE Aoz FH
o] ZEF 58 WE3IA 23]

Measurement of microstructural heterogeneity

FEIAEY nA T2 BEUdA AEE PC NMR
data® %€ AAFE parameter Dol o8] ZAE 5 U
[10,16]. D=(FpsFw)/(FyvpFpv)E A€, Fie + Exw
| Ph3ERE O elgske 2w i jo el @l
A3 dyad fraction®]©}. Bernoullian random model$
w2k D Fte] 18] 3534 random copolymere]™,
18t £ D 7HE 7= 35352 blocky copolymer
oje}.

4m w na
BjE9| Ci=V|A2RE ZFEEZI0IAES] Mk
1A vk o83kl whekat lactonesel A R
eutropha H163} H. pseudoflavaZ v))Fstgd S 5 Al
EF CCedl vEEOME MEAAS} Z2iH PEE 2
o)A|qF Ce~Cip2] BEIME A% ¢kt (Table 1). A.
pseudoflava®) 73-% 5 mM2] AR Fo| 509l PHA
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ARl M BhAl e 2 A ke FX(0.9 g/L)®] y-butyro-
lactoneS o]-8315- vl ARSI HES F=o} v
Seoljm A7} Aok Eeho), AZAR SN AE
7} RS I7AE 3490 2 =l B, §
A= Zelwj= 3HBS 4HBY +FdAGT. R ewropha
H162 %2 ybutyrolactone®] F=oM= 2k zlel} 4HB
glgpo] wi$- S P(3HB-co-4HB) Ze|WE A,
e-Caprolactonel| Al H. pseudoflava7} A=A %3 whd,
R. eutropha’= 4.12 g/L8} ¥ FRoME £ A4S B
91T 4HB ¥FT. y-butyrolactoneol| A E e} of 2 Eeju|
=9 geh. a2y FEY o AHglel 4HB gafol
oF 35 mol%=E. YA F=ZE offst £442] P(3HB-co-4HB)
FEHAS & 4 9leh y-Valero-lactone 7] &AM A,
pseudoflava’= 1.06 g/L ©|8}e] P& sxolr{nt AA7bss)
I P(3HB-co-3HV) ¥F¥AE T3t ¥, R
eutropha H162 %2 y-valerolactone =A% 2 =}
2 33V ko] 80 mol% °lAkel P(3HB-co-3HV) &%
FA S FAsIP o, 718 Tl AdRgle] FEIAT
o] 3HV §eFol YA

Cin} 2fEo| ZEVIAZTREH SEEE A2 MEM

15 wiekol]l oja) FEe] D57 F Ald 2F
FAJo] TheFal 3HBS 3HV EX 3HBS} 4HBS 3534
Z s EslEE o] E 9] FEVIA wikE s
Ak, T571A wjckelst ME ARl o]8Ade] T B
A7} 3HVY 4HB] A4S 3 Fxeme} 72Ut Akt
precursor BtA-S- FAle A wiRlel| AHrisle] MEE
wjekshe Zlolo), Al Aol o8E: 718 FAllA
H. pseudoflava’= glucosesl| X A7-go] 7g E3hdd whd,
R eutropha H16& fructosedll Al 7F A Abgith(datas
Holx] ¢kekd). ooFst HE9] y-butyrolactone®} 10 g/L
fructose 557)4o)A R eutropha H16S w3938
¥butyrolactone®] sx=7} $78lE 4HB o> 20 mol%
o]3}2. W2 P(3HB-co-4HB) E2|MEo] A=K Table
2). 22} glucoses} y-butyrolactone®] 2571 =}t
H. pseudoflava’= y-butyrolactone®] %7} S713ol whet
4HB ko] 66 mol% 7 F7lshe vkt A 35
AZ FABIAFTE. R eutropha H16°l §433F P(3HB-co-
4HB) F=EIAEL 19 7 D #E 7K ndFE7}
¢ Fds Ze|ngel wbE, o)A AgdAM, H
pseudoflavadll 28] A€ P(3HB-co-4HB) FFHAE2
331~11.279) ¥2 D #< 7K w727} w7l
2] 23l oi4]. @3} y-valerolactone®] 7] AAMNA F
AF 2% ZFE9| pxrl Zv3kl ulel 3HV @ape] of
60 mol%7HA] F7Fel ©hekst 242 P(3HB-co-3HV)
FEIAES AT F Aol 98] glucosest -
valerolactone®] FE7|A2XE FAX P(GBHB-co-3HV)
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FTEHAEE EF 10 7R D 3% 7K1 random copo-
lymergitt.

20 Hioll ofel stECRRE SSE Z2oAEQ
2By

SFdExmal 3HB7F A9 =UEHA o4 3HVY
4HB homopolymers MIsI7]9lsl F Mg 2544 v}
st 2l wjekdelgt dukx oz Fen] E4L A9
dolubx] 3 A ZAA o] AT XN 1A=
HEZE wiekst F v F3o] friHE uRE
A ERES &A 2942 wieksls whgeldh. 154419 LB )
Ao A A= H  pseudoflava MESS F4dle] -
butyrolactone(2.24 g/Ly% 0.6 g/L®] At Fo] Hrd
PHA MR &71F 48 AzHs<l wioF3lSo 4HB
ko] oF 96 mol%<! P(3HB-co-4HB) 2587} 4=
gleh(Table 3). Z23Y H. pseudoflava’= 15474]2) Ao
FRal 278l ME PGHBYS ¢ 11%(PHB weight/cell
dry weightyd = M| ZEWel] Z3slgith(datal 2o|x] 2¥St
2). I9A4lelA] 4% PGHB):= 2544 wicksEgl whEd e
2 € FAl 4HB ARBWIE AEYEHER 3t
P(4HBYZ FAT = vk Aol oA Ager Bc
NMR #4032 el }6]. R eutropha H162] A5,
2544 wokol] oJS|M = ¥ -butyrolactone®] FEZ7)el Al
el 4HB o]l oF 15mol%2 YA 3 P(3HB-co-4HB)
A7 UK Table 3). T AFE 224 vkl
2J8) y-valerolactonedll A ¥l ¥ S H pseudoflava’=

3HV Ex>m7} oF 85 mol%7HA === P(3HB-co-3HV)
FTEIAE eI, R eutropha H162 3HV ko)
20 mol% oJ3l2 & FEMEE Ak

P(3HB-co-4HB) SZEH|2| 4

H. pseudoflava®ll 2]3) glucose®} y-butyrolactone®] F-57|
A2 RE] 3IAY PGHB-co-4HB) T5GA 5L 4HB sk
o] F71gel oiel Tt AH Fhol #A3lsivK(Table 4).
3HBS} 4HB7} 51:498 =% 3239 A% 5259
130.3°CollM 7 7] Tyol SAEA}. Aspergillus fumigatus
2X¥ ¥2]¥ P(GHB) depolymerase E4ol 2J3t B3
= A#elA 4HB o] F71gel wlel P(3HB-co-4HB)
TFEA D550 FalExs 3718IcH(Table 4). o2
P(3HB-co-4HB) 534 Eal&=r) 2w AAA =}
748t BA 7Y S-S vehdd.

yButyrolactone?| CHAFZEZEO| 2|8t P(3HB-co-4HB)
SSEH9 Btdat oiME §Y

v-Butyrolactoneoll Al 5 A|lgo] MEAA Zelw 24
o sle] & AelE Hel AL 7AWl W A=]H
zlo]m#¢l A& Belt} 4-Hydroxybutyric acid(4HBA)
o] iAol Heddl= BAEZF 4HBA dehydrogenase”}
acetyl-CoA2} 4HB-CoA2] ¥58 2AHsl=d Fa3l o9
< 3= A= Eignl 9)oH6,27]. y-Butyrolactone™=
ring-opening 35 |93} 4HBAS v]S=3 AR
£ 71A Edd=le 49 R eutropha HI6 y-

Table 1. Biosynthesis of copolyesters by R. eutropha H16 and H. pseudoflava from various lactones using one-step cultivation

culture

Ivest polyester composition
polyester

carbon source (g/L) . gell dry o (mol%)?
time(h) weight (g/L)  content (wt%) SEEY 2R SV
¥-butyrolactone 2.24 72 0.396 13 96 4
Y-butyrolactone 3.36 72 1.105 17 95 5
y-valerolactone 2.12 72 0.903 12 18 82
y-valerolactone 3.18 72 1.140 14 16 84
v-valerolactone 4.24 72 1.182 19 17 83
R. eutropha y-caprolactone 2.06 72 1.600 19 100
H16 e-caprolactone 2.06 72 2.251 26 64 36

e-caprolactone 3.09 72 2.639 31 66 34
e-caprolactone 4.12 72 1.371 38 70 30
Y-octanoic lactone 0.49 240 no growth
Y-nonanoic lactone 0.49 240 no growth
¥-decanolactone 0.38 240 no growth
¥-butyrolactone 0.09 168 0.658 8 44 56
y-valerolactone 1.06 120 0.873 10 69 31
Y-caprolactone 1.03 96 1.013 13 100

H. pseudoflava  e-caprolactone 1.03 240 no growth
Y-octanoic lactone 0.49 240 no growth
Y-nonanoic lactone 0.49 240 no growth
Y-decanolactone 0.38 240 no growth

3 Calculated from !H NMR and GC data.

b) 3HB, 3-hydroxybutyric acid; 4HB, 4-hydroxybutyric acid; 3HV, 3-hydroxyvaleric acid.
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Table 2. Biosynthesis of copolyesters by R. eutropha H16 and H. pseudoflava from the mixed substrates of sugars/lactones using one-

step cultivation

culture cell dry polyester polyester composition
carbon source (g/L) time weight content (mol%)® DY
(h) (g/L) (Wt%) 3HBY 4HB 3HV
Y-butyrolactone 224 48 3.47 54 88 12
Y-butyrolactone 448 72 2.34 38 84 16 1.32
Y-butyrolactone 6.72 192 2.77 42 86 14
R. eutropha® ¥-butyrolactone 8.96 192 3.10 49 84 16
H16 Y-valerolactone 2.12 48 5.00 49 86 14
Y-valerolactone 4.24 48 4.85 50 80 20 1.87
¥-valerolactone 6.36 48 3.41 48 60 40
y-valerolactone 8.48 72 2.11 36 38 62
y-butyrolactone 1.12 72 3.40 71 87 13 6.25
Y-butyrolactone 1.68 72 3.54 71 78 22 6.98
¥-butyrolactone 224 72 2.87 63 75 25 8.28
Y-butyrolactone 2.80 120 1.49 38 51 49 11.27
e Y-butyrolactone 3.36 120 1.53 35 34 66 3.31
H. pseudoflava” Y-valerolactone 1.06 72 3.46 68 80 20 1.62
Y-valerolactone 1.59 72 4.04 68 71 29 1.21
¥-valerolactone 2.12 72 3.82 66 52 48 1.48
v-valerolactone 2.65 72 3.50 54 45 55 1.35
y-valerolactone 3.18 72 2.46 57 39 61 1.30

3) Calculated from "H NMR and GC data.

® 3HB, 3-hydroxybutyric acid; 4HB, 4-hydroxybutyric acid; 3HV, 3-hydroxyvaleric acid.
% D=(FpgFvv)/(FyFvg), where Fgg stands for mole fraction of -3HB-3HB- sequence, Fyy for mole fraction of -3HV-3HV- sequence, Fpy
for mole fraction of -3HB-3HV- sequence, and Fyg for mole fraction of -3HV-3HB- sequence. The mole fraction of the dyad sequences was deter-
mined from the '*C NMR spectra. The calculated data from each run are within +5% error range.

" 9 Ten grams of fructose was co-fed to the medium in initial cultivation of R. eutropha H16.
© Ten grams of glucose was co-fed to the medium in initial cultivation of H. pseudoflava. The data were cited from Ref. 4.

Table 3. Biosynthesis of copolyesters by R. eutropha H16 and H. pseudoflava from ywbutyrolactone or ‘y-valerolactone as a sole carbon

source using two-step cultivation

culture  celldry  polyester polyester composition
carbon source (g/L) time weight content (mol%)”
(h) (gL) (Wt%) 3HBY 4HB 3HHV
y-butyrolactone 224 48 3.06 9 86 14
y-butyrolactone 3.36 48 3.87 10 85 15
R. eutropha v-butyrolactone 4.48 48 4.77 11 85 15
H16 Y-butyrolactone 5.60 48 4.98 11 83 17
y-valerolactone 2.12 48 3.24 14 82 18
Y-valerolactone 3.18 48 3.01 16 81 19
Y-butyrolactone 1.12 48 1.94 19 23+1 771
Y-butyrolactone 2.24 48 2.20 23 4%2 9612
Y-butyrolactone 3.36 48 2.10 17 132 8712
H. pseudoflava Y-valerolactone 1.06 15 245 21 45 55
Y-valerolactone 2.12 15 2.62 25 22 78
v-valerolactone 3.18 24 294 30 15 85

3 Calculated from 'H-NMR and GC data.

b 3HB, 3-hydroxybutyric acid; 4HB, 4-hydroxybutyric acid; 3HV, 3-hydroxyvaleric acid.

butyrolactone®] =57 (Table 1)l A AAzat w2 A7k
el 4HBA dehydrogenaseE wl& L3 ste] ybuty-
rolactones HH-E acetyl-CoAZ AA)ZI0H6]. vbHel,
H. pseudoflava®l 73-%, R 7|8 FEZoAE 4HBA
dehydrogenase®| ‘4 8l 71 f=7]7F B3l w3

AEE gouz IR whov} 4HB FEke] oF 50
mol% A= =% P(3HB-co-4HB) TE3A7T AHUS
Aoz AYZrH6].

Table 2°] @3} y-butyrolactone®] F57]|&A, R
eutropha®] 73-%- y-butyrolactoned ©57]AR o83 ujj o}
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PR IR 2 gge] FE71A Y fructosest A Al EAAE
As) wiz2A A= =2 EemFe] 4HB FEFel 20
mol% °©]3t2 Wil e, aefv H pseudoflava’=
FTE71AZE A7 glucosed o]-43ld NEAALS 3l=F
ot y-butyrolactone 571 AoM o= el B2 wiFA7E
(72 A17H4ell 4HBA dehydrogenase} 72 3=A] %
& Zolc}. wlgbd dlF-E-2] ybutyrolactoneo] acetyl-CoA
tilel] 4HB-CoAZ AZhs]e] Fejn] ks =YY=
gEe 327l we} 4HB ko] 7 A7
ot FFEAFe 3HB ExAES TEVIEE M
glucoseZHE] S25 A eloi4]. o]l AMd-2 Table 39
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Fig. 1. Thermal transitions of P(4HB) homopolymer and P (3HB-

co-4HB) with different NMR D values. Samples were prepared

as described in “Materials and methods”.
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Fig. 2. Time course of composition change of the polyester in
R. eutropha H16 grown on valeric acid(25 g/L) as a single car-
bon source(2nd step cultivation). The 3HV mol% in polyester

was relative mole percent for the 3HV monomer of total PHA
accumulated in dried cells.
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Table 4. Thermal properties and NMR microstructures of P(3HB-co-4HB) copolyesters® synthesized by H. pseudoflava from the

mixed substrates of glucose and y-butyrolactone

T AH

T m weight loss rate b

copolyesters (0(%) 0) ) (mg/em?hr) D®
P(87 mol% 3HB-co-13 mol% 4HB) 1.7 169.0 533 0.242 6.25
P(78 mol% 3HB-co-22 mol% 4HB) -10.5 161.2 31.8 0.219 6.98
P(75 mol% 3HB-co-25 mol% 4HB) -14.0 163.4 39.1 0.260 8.28
P(51 mol% 3HB-c0-49 mol% 4HB) -15.0 52.8+130.39 159 0.461 11.27
P(34 mol% 3HB-co0-66 mol% 4HB) -20.0 52.3 12.7 0.755 3.31

%) The data were those obtained with the polymer samples in Table 2.

b) D=(FggFvv)/(FgyFyg), where Fgp stands for mole fraction of -3HB-3HB-sequence, Fyy for mole fraction of -3HV-3HV-sequence, Fgy
for mole fraction of -3HB-3HV-sequence, and Fyp for mole fraction of -3HV-3HB-sequence. The mole fraction of the dyad sequences was
determined from the '*C NMR spectra. The calculated data from each run are within +5% error range.

9 Two endotherms were observed.

Table 5. NMR microstructure of P(3HV-co-3HV) copolyesters synthesized by R. eutropha H16 from the mixed substrates of
butyrate/valerate or a single carbon source of valerate using two-step cultivation

olyester composition
e e eoment - (more® dyad sequence D
g (&/L) (Wi%) 3HBY  3HV Fes  Fav  Fys  Fuy

bu(17.5) + val(2.5) 6.6 38.5 90 10 0.76 0.10 0.10 0.04 3.04
bu(15.0) + val(5.0) 7.1 42.0 83 17 0.64 0.14 0.15 0.07 2.13
bu(12.5) + val(7.5) 53 30.7 64 36 0.44 0.19 0.19 0.18 2.19
bu(10.0) + val(10.0) 5.6 23.0 53 47 0.31 0.23 0.21 0.25 1.60
bu(7.5) + val(12.5) 5.7 20.7 47 53 0.25 0.20 0.25 0.30 1.50
bu(5.0) + val(15.0) 5.5 25.9 28 72 0.12 0.14 0.20 0.54 2.31
bu(2.5) +val(17.5) 5.7 26.5 27 73 0.11 0.12 0.23 0.54 2.15
valerate (5) 49 16.1 51 49 0.24 0.17 0.21 0.38 2.55
valerate (10) 43 16.5 48 52 0.24 0.15 0.25 0.36 2.30
valerate (15) 44 19.6 38 62 0.16 0.14 0.23 0.47 2.34
valerate (20) 4.3 23.8 25 75 0.08 0.09 0.20 0.63 2.80
valerate (25) 4.9 23.5 20 80 0.08 0.07 0.13 0.72 6.33
valerate (30) 3.2 4.7 59 41 0.36 0.20 0.16 0.28 3.15

# Calculated from 'H NMR and GC data.
b 3HB, 3-hydroxybutyric acid; 3HV, 3-hydroxyvaleric acid.

© D=(FgpFvv)/(FevFvs), where Fpp stands for mole fraction of -3HB-3HB- sequence, Fyy for mole fraction of -3HV-3HV- sequence, Fgy
for mole fraction of -3HB-3HV- sequence, and Fyp for mole fraction of -3HV-3HB- sequence. The mole fraction of the dyad sequences
was determined from the '>C NMR spectra. The calculated data from each run are within +5% error range.
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Fig. 3. Time course of composition change of the polyester in
R. eutropha H16 grown on the mixed substrates of butyrate
(10 g/L) and valerate(10 g/L)(2nd step cultivation). The 3HV
mol% in polyester was relative mole percent for the 3HV
monomer of total PHA accumulated in dried cells.
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