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Characteristics of Polyhydroxyalkanoates Synthesis
by Ralstonia eutropha trom Vegetable Oils
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Abstract Six strains of Ralstonia eutropha were grown to investigate characteristics of polyhydroxyalkanoates (PHA)
synthesis from vegetable oils or glycerol. Poly(3-hydroxybutyrate) homopolymer was formed using soybean oil,

olive oil, or glycerol as carbon source, while poly(3-hydroxybutyrate-co

-4-hydroxybutyrate) or poly(3-hydroxybutyrate-

co-3-hydroxyvalerate) copolymers were synthesized by co-feeding y-butyrolactone or pentanoic acid, respectively.
Optimum strain was determined as R. eutropha KCTC 2662 in terms of final cell concentration and PHA
content. From 20 g/L of soybean oil (optimum substrate), cell concentration and PHA content at 72 h ranged

1.7~9.2 g/L and 70~92 wt%, respectively.
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Polyhydroxyalkanoates (PHA)= N, P, S, Mg, O, %«]
Pt Ak 3 223 sl o SR vEESol
SJol AE W) Bhas) oA A B0 Wejz FHHE
AR TEAJo|Tt PHAE 7ReEau d4o) oJa B
7] w5, a1 olok 5 Take Role] gol o]
A o R Jal 7hedt Qi EEEA Be s
= dov)a glom ddd wale] Aol HaL o [1].
PHA Z 7P &g FHEIQ] poly(3-hydroxybutyrate)
homopolymere F-A12|7] a1 7}g/do] golshA] o}
ol Bt} FA3HA = poly(3- hydroxybutyrate -c0-3-
hydroxyvalerate) [P(3HB-co-3HV)] % poly(3-hydroxybutyrate-
co-4-hydroxybutyrate) [P(3HB-co-4HB)] copolymer”}
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ATk BarEo] 9lom, o] glucoseS AFESIAS 7
0.48 g-PHA per g-glucose [7]9} Hla3}H-S off F Hl}
gl Gtk

Ralstonia eutropha (Cupriavidus necato)= “37g<] &-o]a}
3 gAY PHA F3€0] 0} PHA ol B3l 7178 2ol
AT & TdFEA 2 AFZ glucose = fructose
= F0 714= R. eutrophad] 5% 712 #jkS E3)
A oF 200 g/Lo) TAFE 2 80 wt% o] PHA e
< 42 vk o} [8-12]. & AFelAe BlaE Aol &

L o

S TFES A5 T U HEAY 2 e vojeyAl
Az 34 FLEEQA glycerol S ©HAY O R ]85t R.

eutropha 14 &5 wjgate] F TAEE % PHA
B Wl A7 275 Agsksch, et AT 2.2
y-butyrolactone F= pentanoic acidS 37Fshe] o8-l
P(3HB) homopolymer £]¢ll P(3HB-co-4HB) % P(3HB-co-
3HV) copolymer?] 34 A4S ZABIATH

B Aol A ARE-3F oAl FF-2] R. eutropha (C. necato)
= U3 2t} KCTC 22469 (ATCC 17699, KCCM 11972,
DSM 428), KCTC 2657 (DSM 416), KCTC 2658 (DSM
418), KCTC 2659 (DSM 422), KCTC 2662 (DSM 530),
KCTC 2649 (NCIMB 11599).

HEE T579 %2 peptone 10 g/L, yeast extract
5 g/L, NaCl 5 g/L] LB H)X|ollA] A J%F 3 (NH,),SO4
1 g/L, KH,PO4 1.5 g/L, Na,HPO, - 12H,0 9 g/L, MgSO; -
7H,0 0.2 g/L 7} 323 mineral medium®l] 7] &-gd4-8-o8
1 mL/LS} soybean oil 20 g/L7} E7FE wiX]ol] 24 HE
stk mRAAER Y 2L vt 2

H;BO; 0.3 g/L, CoCl, - 6H,O 0.2 g/L, ZnSO4 - 7TH,O
0.1 g/L, MIlSO4 . 4~5H20 0.03 g/L, (NH4)6M07024 . 4H20
0.03 g/L, NiCl, - 6H,0 0.02 g/L, CuSO; - SH,0 0.01 g/L

9 z2A4de] viA] 50 mLE 250 mL A Zek~=0) ¥War
30ColA 250 rpmO-Z 72 h F<F A& wjekslict. p
(3HB-co-4HB) % P(3HB-co-3HV) §43S 913l 24 h Hjek
& 5 g/L9] y-butyrolactone®} 3 g/L2] pentanoic acidS
7} A1esct
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AZ ME FE (dry cell weight)= B} 5-10 mLS
AEY F sAAxsI AFS S5t wid
soybean 0il¢] F=2} P(3HB), P(3HB-co-3HV), P(3HB-co-
4HB) 4L 714 Z=ZvkE1)3] 3 (GC 6890N, Agilent,
Inc., HP-5 column, 30 m x 320 pm x 0.25 ym)>.2 ZA3}

9.0 ™, margaric acid®} benzoic acidS- 212} internal standard
2 ARSIlTE GC 482 1% Alge AXEe AR 10~
20 mg®l] methanol : HSOy : internal standard (850 : 150 :
2 g) o] BI&E VK= 898 2 mL¢} chloroform 2 mLE 212}
7 5 100 CollA 5413F vES- 5 Y243 & S5 1 mL
£ F7isk 3 wmbele] S8 @ olelSS injection 3t
ARSI GCol 24 202 o5 2

Injection volume = 1 pL, Initial column temperature =
60C for 5 min, Temperature rising rate = 4 C/min, Final
column temperature = 180°C for 5 min, Carrier gas flow rate
= 20 mL/min, Temperature of injection port = 230C,
Temperature of detection port = 280C

P(3HB-co-3HV) @ P(3HB-co-4HB) %3 A|&& o}
9} o] wijokel FAZHE FASl] A= F 400 MHz 'H
NMRZ o]gste] 24 A8t vl A4l
st FA71x= & A 1 ¢ T chloroform 100 mLS 37}
313tk 24 h ol wyksle] PHAS 8+l % & AlX 517
715 oAFtste] AAsIAT EeE ANS FUANA 5
NS = 5 AF] methanolol] X E PHAS THA] o3
sto] 3 5 ARG
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R, eutropha®| P(3HB) & EM

R. eutropha= T g0 g 254 @Y B glycerol

S &3] P(3HB) homopolymerS $HI3ItE WA 22
23 v Fal oA F/F2] R. eutropha ZH2H] P(3HB)
2] Bato] ZAsIAT (Fig. 1). ©49 20 gLE A7kt
o} A3 A3, soybean oil S 71EE AMSFE A TAIEE
= 0.42~9.2 g/L, PHA 32 63~93 wt%, olive oil S AM&-

5t 749 TAEEE 0.43~7.1 gL, PHA T2 54-81 wt%,
glycerol S AME-SF 79- TAlE=E 0.38~2.0 g/L, PHA &
#HE 30~43 wt%<] P(3HB) homopolymerES 4353 ch
Glycerol & 7142 AME3IIE 739 A9 A7olu PHA
Sk HollA soybean oil B olive oilS ARESIHS 7352}
Hlwst] B §&20)A] 23k 318 ¢ 4 UL, KCTC
2657 2 26499] 79 BE ghAielA PGHB)E 43514
xoh= A @ g Tk ZE4 22 PGHB) /3] H4
718 9 5= soybean oil 2 KCTC 2662532, 2F 90 wt%
9] PGHB)E X38h= 9 g/LY TAIFEE & & ASth

g

R, eutropha®l P(3HB—co—-4HB) &M

Jn

91¢] PGHB)] 23 TUsHA| STk v S 53l
oA F579] R. eutropha Z}2+2] P(3HB-co-4HB) %3
o] B3le] =43IAT} (Fig. 2, Table 1). AEA 2 &
glycerol 20 g/Lll y-butyrolactone 5 g/LE 7}sld Ag
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3l A3} soybean oilS 7|2 & AFE3F A dAlEEE
0.51~6.5 g/L, PHA &8 55~78 wt%, olive oil S ARE-3
A9 AAEEE 0.8~7.0 g/L, PHA RS 43~77 wi%,
glycerol S ARE-3H 739 wAlEEE 0.78~2.5 g/L, PHA 3+
2 17~28 wt%<] P(3HB-co-4HB) copolymers 433+
t}. P(3HB) homopolymer A3 A9} FU3HA| glycerol=
71dE2 eSS AS wAle AAolu PHA &5l
soybean oil B2 olive 0il2 AFE3FRS 7399} HlnLEhe
R §83F0)A] £33 AS & IAAL, KCTC 2657 L
26499] A= TYA BE Aol A P(3HB-co-4HB)
£ A Eele As o F Uitk A7 AR s
P(3HB-co-4HB) 3 54L H]l H== olive oil S o]&
3 79 KCTC 2658 2 2659, soybean oilS o]-&3F 2%
KCTC 22469, soybean oil & olive oil2 ©]&3F 3%
KCTC 2662 522 <F 70~80 wt% <] P(3HB-co-4HB)
£ ZFsh= 6~7 gL TAITEE ¥ 7 AT A
H P(3HB-co-4HB) %2] 4HB %] soybean oil % olive
0ilZ o] &3 7% 0.6~2.7 mol% P2, glycerolS ©]-&
g A9 5.9~13 mol% = Ao £ 4HB TS
Hely ot o]= glycerol®] PGHB)Z 2] 3t go] w7
wjFEo g Holth
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Fig. 1. Production of P(3HB) from vegetable oil or glycerol by
R. eutropha (vegetable oil or glycerol concentration =
20 g/L). (a) Dry cell weight. (b) PHA content.

Table 1. Composition of P(3HB-co-4HB) synthesized after 72 h
by various R. eutropha strains from vegetable oil or
glycerol (vegetable oil or glycerol concentration = 20 g/L,
y-butyrolactone concentration = 5 g/L)

Carbon source Soybean ail  Olive olil Glycerol

KCTC PHA Composition (mol%)
strain numbers 3HB 4HB 3HB 4HB 3HB 4HB
_ 2657 - - - - - -
Ralstonia 2658 994 06 977 23 941 509
eutropha 2659 983 17 984 15 86.8 13.2
2662 984 16 989 1.1 87.8 122
2649 - - - - - _
22469 99.1 09 973 27 912 87
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Fig. 2. Production of P(3HB-co-4HB) from vegetable oil or glycerol
by R. eutropha (vegetable oil or glycerol concentration
= 20 g/L, y-butyrolactone concentration = 5 g/L). (a) Dry
cell weight. (b) PHA content.

2469

g

R, eutropha?l P(3HB—co—3HV) &M

Jm

2154 QY W= glycerol 20 g/Loll pentanoic acid 3 g/L
= 7Pk Zekaa vk 53 oA FF7< R. eutropha
Z}7}+e] P(3HB-co-3HV) 54 545 ARSI (Fig. 3,
Table 2). Soybean oilS 7|ZE A1&-3F A9 dAlvEE
0.25~1.67 g/L, PHA T2 7.9~65 wt%, olive oilS A&
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Table 2. Composition of P(3HB-co-3HV) synthesized after 72 h
by various R. eutropha strains from vegetable oil or
glycerol (vegetable il or glycerol concentration = 20 g/L,
pentanoic acid concentration = 3 g/L)

Carbon source Soybean oil Olive oil  Glycerol

KCTC PHA Composition (mol%)
strain numbers  3HB 3HV 3HB 3HV 3HB 3HV
) 2657 155 845 - - 747 253
Ralstonia 2658 969 341 97.6 2.4 77.8 22.2
eutropha 2659 66.0 34 91.8 9.2 77.3 227
2662 950 50 948 52 100 O
2649 100 0 100 O - -
22469 887 11.3 100 0 100 O
(@) 59
45 ] 77 Soybean oll
o B3 Olive ol
4.0 X Glycerol
T 35
S ]
= 3.0
S J
B 25
= ]
8 204
g ]
S 151
= 7]
O 104
054
040—- L
2658 2659
KCTC strain numbers
(b) 100
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Y Glycerol
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2657 2658 2659
KCTC strain numbers
Fig. 3. Production of P(3HB-co-3HV) from vegetable oil or
glycerol by R. eutropha (vegetable oil or glycerol
concentration = 20 g/L, pentanoic acid concentration
= 3 g/L). (a) Dry cell weight. (b) PHA content.

3 B¢ TAEEE 0.34~3.5 g/L, PHA 3RS 3.6~69 wt%,
lycerol 2 AFE-3F 749 #AlE == 0.0071~0.94 g/L, PHA
SHe- 9.9~31 wt%2] P(3HB-co-3HV) copolymerE 33
3T VIRIAIZ glycerolS 714E ARESIAS 789 T A
o] Ad7olu} PHA $H©] soybean oil B+ olive oil-S AR
39S 7359} nlwsle] B Ga8F0)A] 13 AL &

aQ

AL, KCTC 2657 2 KCTC 2649¢] 73-%-% P(3HB-co-
3HV) @40l A3t 1771 obds & 7 Utk AF A
¢ P(3HB-co-3HV) 52 545 H2l < olive oil
S o]-83F ¢ KCTC 2658, soybean oil 2 olive oilS ©]&
3l 739- KCTC 2659, soybean oil2 ]88+ 73-$- KCTC 2662
5ol e, TAEEE soybean oil % olive oilS ©]-&3F
73%- KCTC 2658, olive oilS ©]-&3F 74-¢- KCTC 2662 &
o]tk KCTC 22469+ soybean oil, olive oil % glycerol &
FE 45~70 wt%2] 112 P(3HB-co-3HV) =37 5418 1
Atk 4% P(3HB-co-3HV) 9] 3HV £4& KCTC
26579] 7% 85 mol%<] =& 3HV TS HY o Al
St PHA o] Ui Stk ok 529 79 soybean
oil & olive oilS ©]-&3F 7% 0~11 mol%%.2™, glycerol
S 0] 83 A9E 0~23 mol%E HWAHOFE & 3HV
s JERITH

my
M

A FF72] R eutropha TFE 2154 2Y T+ glycerol
< ekrglo g o83ty wjeke Ay} PGHB) $4d9] HA
714 & T soybean oil 2 KCTC 266221, 2F 90 wi%
9] PGHB)E Xg38l= 9 gLe] FATEE 42 & A
o} P(3HB-co-4HB) §/d°] 98t 7=+ olive oil= ©]&
3 7% KCTC 2658 2 2659, soybean oilS ©]-&3F 74-¢-
KCTC 22469, soybean oil & olive oil& ©]&3 7%
KCTC 2662 522 <F 70~80 wt%2] P(3HB-co-4HB)Z
T 6~7 gL FAEEE g & ALk $<3 P
(3HB-co-3HV) &7 EA& HQl F#FE olive oilS 083t
73-%- KCTC 2658, soybean oil & olive oil2 ©]-83F 73-%-
KCTC 2659, soybean oil= ©]-83+ 7-¢- KCTC 2662 5°]
o, KCTC 22469 soybean oil, olive oil % glycerol
2HE 45-70 wt%] i1E P(3HB-co-3HV) %7 E4<
Btk £3H2 o2 P(3HB), P(3HB-co-4HB) 2 P(3HB-
co-3HV) §Adoll HFZH 712 9 #FE soybean oil %
KCTC 26623t}

2 o

2154 @Y = glycerol 24-E] Ralstonia eutropha ¢
A 759 polyhydroxyalkanoates (PHA) 34 548 ZA
SFATE A0 2 soybean oil, olive oil, == glycerol THS-
3] poly(3-hydroxybutyrate) homopolymer”} A=}
© ™, y-butyrolactone B pentanoic acidES A FFA
poly(3-hydroxybutyrate-co-4-hydroxybutyrate) B== poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) copolymer”} Z+Z}
A HE dAEE 2 PHA HEFAANA HA w5
= R. eutropha KCTC 26622 AAEANCH, HZF 712l
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soybean oil 20 g/LZH-E 72
PHA &3 70~92 wi% s 2 F

Zk

o

A4 20099 12€ 2

holl A% 1.7~9.2 g/L,
A

ik
Al
B AT AN 2 Saelrengde) Aeie

1R Aol Sl AR olo] A=

A AAEe] 2010 59 279

REFERENCES

1.

Chen, G.-Q. (2009) A microbial polyhydroxyalkanoates
(PHA) based bio- and materials industry. Chem. Soc.
Rev. 38: 2434-2446.

Saito, Y., S. Nakamura, M. Hiramitsu, and Y. Doi

(1996) Microbial synthesis and properties of poly(3-

hydroxybutyrate-co-4-hydroxybutyrate). Polym. Int. 39:

169-174.

. Martin, D. P. and S. F. Williams (2003) Medical
applications of poly-4-hydroxybutyrate: a strong flexible
absorbable biomaterial. Biochem. Eng. J. 16: 97-105.

. Akiyama, M., T. Tsuge, and Y. Doi (2003) Enviromental
life cycle comparison of polyhydroxyalkanoates produced
from renewable carbon resources by bacterial fermentation.
Polym. Degrad. Stab. 80: 183-194.

. Song, B.-S., N. S. Han, B. H. Lee, C. T. Hou, and B.

S. Kim (2009) Production and analysis of oxygenated

10.

11.

12.

unsaturated fatty acids from oleic acid by Flavobacterium
sp. strain DS5. KSBB J. 24: 41-46.

Kim, B. S., Song, B.-S., and Hou, C. T. (2008) Production
of lipase and oxygenated fatty acids from vegetable
oils. In Biocatalysis and Bioenergy, C. T. Hou and J.
F. Shaw, Eds, p. 547, John Wiley & Sons.
Yamane, T. (1992) Cultivation engineering of microbial
bioplastics production. FEMS Microbiol. Rev. 103:
257-264.

Kim, B. S., S. C. Lee, S. Y. Lee, H. N. Chang, Y
K. Chang, and S. I. Woo (1994) Production of poly
(3-hydroxybutyric acid) by fed-batch culture of
Alcaligenes eutrophus with glucose concentration
control. Biotechnol. Bioeng. 43: 892-898.

Kim, B. S., S. C. Lee, S. Y. Lee, H. N. Chang, Y
K. Chang, and S. I. Woo (1994) Production of poly
(3-hydroxybutyric-co-3-hydroxyvaleric acid) by fed-
batch culture of Alcaligenes eutrophus with substrate
control using on-line glucose analyzer. Enzyme Microb.
Technol. 16: 556-561.

Kim, B. S. and H. N. Chang (1995) Control of glucose
feeding using exit gas data and its application to
the production of PHB from tapioca hydrolysate
by Alcaligenes eutrophus. Biotechnol. Techniques 9:
311-314.

Kim, J. S., B. H. Lee, and B. S. Kim (2005) Production
of poly(3-hydroxybutyrate-co-4-hydroxybutyrate) by
Ralstonia eutropha. Biochem. Eng. J. 23: 169-174.
Song, J. Y. and B. S. Kim (2005) Characteristics of
poly(3-hydroxybutyrate-co-4-hydroxybutyrate) production
by Ralstonia eutropha NCIMB 11599 and ATCC 17699.
Biotechnol. Bioprocess Eng. 10: 603-606.



