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B g7 A3l FF9 Alcaligenes eutrophus NCIB 11599F o|-&-3le] 3F I 929 vay 3719
A2 wtardal o7 e A4, PHB % P(HB-co-HV) 9] @47 1 B4 o) Fste] A3t} 42 &L metha-
nol, ethanol, propanol, butanol % pentanol 5& A&-3lgich 04¢g/L ©)3e] 437 E& 10g/L SFZ 49
A BaYI AR AL A, 7 B FASE} nE-R] 23 Eo) FAE A vFAS e glol A= etha-
nolg& 71 2% A 12%, pentanol®] ¥ I 20%, L2 Al 48l lejA£ ethanole] 7+,
3 31 40%, pentanol®] 7 $ #2 36%2) P42 Bt} Methanol & A ¢ & &5 g2 4-E 714l da8(pro-
panol, pentanol)& FFZ e A9 &7 7132 4% A4 P(HBco-HV) FEEAE 492 & ¥, 37
eadEe 4789 §gpo] Z/1ES4E FSAW HVEEFo] F7}38l4ith. Propanol#} pentanols 3718l
PR TFHAY 4L 71AFY ¢37E Fgo] F71ETE Al propanolE AHE-E - 142T 7HA
gojzc} §H# 2 o]9¢] o3 &(methanol, ethanol, butanol) & A}4% 7ol FAH ZEALS] §3o] &
229 FFoll= FHEA 175C 2 dH sk

Abstract—This study is concerned with the synthesis and the properties of PHB and P(HB-co-HV) copoly-
mer in Alcaligenes eutrophus NCIB 11599 using glucose and alcohol as carbon sources. Alcohols such as metha-
nol, ethanol, propanol, butanol and pentanol were used as carbon sources. When less than 0.4 g/L alcohol
with 10 g/L glucose was added as a carbon source with glucose, the specific growth rate and the polymer
accumulation rate were improved compared with using only glucose as a carbon source. The specific growth
rate was increased to a maximum of 12% and 20% in ethanol and pentanol added substrate respectively.
The polymer accumulation rate was increased to a maximum of 40% and 36% in ethanol and pentanol added
substrate. P(HB-co-HV) copolymer was obtained when propanol or pentanol was used as a substrate with
glucose. The HV fraction in copolymer was increased according to the increase of alcohol concentration in
substrate. The melting temperature of copolymer synthesized by propanol or pentanol was decreased accord-
ing to the increase of alcohol concentration. When propanol was used as a substrate, the melting temperature
of copolymer was decreased to 142C . On the other hand, the melting temperature of polymer synthesized
by methanol, ethanol or butanol added substrate was constant at 175C, the melting temperature of PHB.
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32 92 YehE vIEF A 4l A R R A
A3 B o] FUEHUA v YE] st B3 e
Zetagg ALyl f% A7t FvkER o 2
% shie) iy o 2 4 ZejYejr]d, el 2H 2 53}
22 71EY Fepage AR Ee slarE AEE A
71sle] FEFHEE tes whe] sledl, o] e
AAA Q) HelMe b ARl i vls) #
g3l AF2] EAdo] "ol 7] wjEof] ALl A7}
= Aoz oA rth Wi v E-E o]4-3le
AAEE ARA 2Ex1e) PHBe} PHAE: 7|&€9
Zataelat falgh RS A Y, $§, BA)
A 2g W oohz} 7122 a¥-zle} blendinge] 7hs
s Ao hAEAR AFEE o] A HFAIe]l §-
3t Batgo] gle 5 FE2 A &8 7HA
22 g s} FE4k= bioplasticso]tH 141

utel2jo}E o]4F WEAAAE & 4 9= PHA
Fol A Ald ]S <Al 712 Z+ 3-hydroxybutric acid
o} ulEk9]E 2+ Hod polyesterd! poly-3-hydroxy-
butyrate(PHB) 7} it} &) 71 de] &#33 PHB=
WY gudsly BAx]7] 494 2§26 Ade @
=t} 28y} PHBANS Y] o}& hydroxyalkanoate (HA)
£ 3¢ Al(comonomer) 2 FHAIAl Fo24 EA]
A AL F U gebd 2 857} epE A
UTH5-7].

F el 3HB djAlel o}2 Fx¢] 3HAE 713 o=
7} 8} P(3HA) FFA71 chkst 5721 welelofel
A #e, Azsed 1 F2e o3 2o

- (O—C|H~CH2—CO),—
R R: Alkyl group

ate|elote) FFo} gkAg1e] #F(allkane, alcohol,
alkanoic acid)ell e} o2 7}A] Ak ) (C;—Ci) 9
3HA 291E 713 F¢A7F 4o F sk $%E
uhe] 2jolgol| A A7} 74 Bel Heof Sl AL Alea-
ligenes eutropuso)™®, Pseudomonas oleovorans= 7}
t}ekgt Fz2¢ PHAE 25 &+ ok <84 Urh

A. eutrophusel) &3} g7} ©}E alkanoic acidl] A
deid 4 gle P(3HA) 9] F&% alkanoic aicd®] %
o ot 2 & B 'atE 713 alkanoic
acid(acetic acid, butyric acid, hexanoic acid) 2% P(3
HB) 25547} o= o, T2 &asE 7HAl al-
kanoic acid(propionic acid, pentanoic acid)sA= 3
HB<} 3HVe] 25342 P(3HB-co-3HV) 7} L3t}
[8,9]. &tal e 2 3-hydroxypropionic acid, 1,5-penta-
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nediol 3+ 1,7-hexanediol2- A}-4-3F 7 $-o|+= 3HB2}
3-hydroxypropionate (3HP) 2] 2% §4<l P(3HB-co-3
HP) 7} dojx]71x g} 7r-e ule 2o}l 2 3HBS} 4-hy-
droxybutyrate (4HB) ¢} 3-%-3421 P(3HB-co-4HB) &
e TE e, o] d AHSEHE gAY o2E 4-hy-
droxybutyric acid, 3-chlorobutyric acid, Y-butyrolac-
tone, 1,4-butandiol, 1,6-hexanediol S-¢] ¢lc}. &= 4-hy-
droxybutyric acid®} pentanoic acidE 7 A}-&-3d
3HB, 4HB ¥ 3HV 9918 25 7}A AHQ5ha (ter-
polymer) 7} 4oix|7|% g} ols} 7o) Mgt uel
2loe} gkAgle) 37 U & AT EZHN o 7HA
F2E 71 PHAZES#AE Axg 5 ok olejdt
FEIA Y =4 9o 72 XA 344, IR, H-NMR
EE CNMR o2 24 2449 4 9le}{7,10]

P(HB-co-HV) 323418 Hde & 484 A=
gov A2 HV7E Akgel] 4Fd el oiet A4
3}%, melting temperature, flexural modulus”} o}
2} impact strengtht= Z7}shs Z1e2 R u=Eddc)
[11].

¥ Aol e Adst 45 Alcaligenes eutrophus
NCIB 11599% o}&3lo] FE3 229} v w3 719
MBS 7" ¢F &S A, PHB 2 P(HB-co-HV) 9
A3 o Aol B dFE ke

24 H

2-1. Ay

B2 Algald A8 7= 339 ICIAFel A AHE-§
A3} #F3 Alcaligenes eutrophus NCIB 115995
AMgstgot 2 848 F357] A8 15 &
Wy A z] ol A o) wl gFslolch. LA el R] ol F
T¢ BEste 99, AEetazd 8o #& Ad
A1A 24217F Bt dpbel g #3 F ol5 AR
sy FAE AHstn FgAeel4 ErlenmeyerZe}
23 e ol Eujekrld HEsisch o] o AhgR
wA| ZAJe Table 13} 7t}

wE7)o) o] ekt ry &% A7 & £l 4T 5
#2)3}e) o, pHE 1 N2 NaOHE ©] 43} 6.8-7.02
2 g fA1shgc). $244 57 (dissolved oxy-
gen tention)-& ¥l L zAH7|el AlA FHE F3
20% o|A §-A3kdct. AEA+ silicone#d| el KM 73
(g8 21A433P)2 AL4-3lsd o, antifoam electrode
sensor$} A E A o] 7)(antifoam controller) & %3 F
deke A

=g 4329 7 o A vla AFE Sl
Z1ghul] of 7] (shaking incubator) & o]£3}¢i e, o o
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Table 1. Medium composition for the batch fermenta-

Table 2. Operation conditions of gas chromatography for

tion PHA analysis
Component Concentration(g/l) Condition Value
Na,HPO,-12H,0 334 Column 2mX4 mm steel
KH,PO, 0.83 Support Chromosorb WHP 80/100 mesh
MgSO,-7H,0 02 Coated material 10% AT-1200+1% H,PO,
Fe(NH4)»(S04):- 6H;0 0.6646 Injection temp. 200T
CaClz*2H,0 0.001 Column temp. 180T
H;BO; 0.0003 Ar flow rate 40 ml/min
CoCl,*6H,0 0.0002 Injection volume 1.0l
ZHSO4 M 7H20 0.0001
MnCl,-4H,0 0.00003
NaMoO;-2H,0 0.00002 (2) 2417} %3} 100T oA FEgic)
NiClp*6H,0 0.00002 (3) ooz We ¥ 4mle] 2R5E AR ¥
CuS0;-5H,0 0.00001 20-3027F EET},
(NH,).HPO, 1 (4) Heavier phase® GCZ %A},
Séjrs:isixtract 13'2 GCe) ¥4 27 Table 2 vhehgich.
Alcohol 01-25 2-2-4. PHA9] T, (melting temperature) 2] &3

shljokr]e] 2xE FARAlL] HAY 2xQ HUT R
A Zc}h Agu) okl Aol 300 ml Erlenmeyer
FATE o) $3le dILe FEE Feld vy
mlE 9& ¥ vwAys Y3l PHAY A
A= NHIE A3 222 shgdch

OB P

2-2. MUy

2-2-1. ¢4 Az 4% &7

A4 Az Agke £33 5 A (Shimadzu Double Be-
am Spectrometer UV-200S) & A}-4-8}od ol okd-& 0.9%
NaCl #8422 34{3t & 660 nmeollA] optical den-
sity & S48l HeAl & AMsle Az 7 Ao
aksle]ct.

22.2. 714 ¥E ¥4

) oF<} 3] ammonium ion %+ Berthelot ¥H-3-2
o]4-3lo] A} Bt T A4S o] 8314
ZAsgcy. dZ&) FE¥A Shimadzurtbe] gas
chromatography & o|-8-3ted &3 s}t

2-2-3. PHASY] Azg-AA £A

PHA ] A2k ¥4 ShimadzuA}$] gas chromatogra-
phy 7-A FIDE o|43le] BAMstsichk ¥4 whge o
+3 Zch

(1) dAzke] Az FAE vialgoll €3 2 mLe] DCE
(1, 2-dichloroethane) 2} 4 AH(HCI) 7} n-propanol-& 1:
48 233 294 2 mlE 7}psha, W EF A& (internal
standard) @) benzoic acid ethylester 200 pl& 7}3F ¥
%3t

PHAY] T, DTAE o]&s}e] 2sjaic £ES
4T /min® 2 45 A)7# 25T o4 300C 712 H$lol A
Z4slgen /FEA2E g-alumina(a-AlLO;) pow-
der& AH&3tsdch

3. dnt « nF

3-1. IR FF U 80| FHFof| DX FEY

4728 methanol, ethanol, propanol, butanol %
pentanol 5-& A-8-3l9lx vl 4z EHE VAR ALS
3l ASod= 7 ARe] vlg T FFRLe
G2 &S AR £t AR AHSSHATh &
A7 ol 3 gol A FFE dotR ] Y3 Gz e
FEE H3AA 7Py FFIeATE VAR AR
7359 AARL ) wlwslelch

&7&9 S WsAA 7 ¥ 54 S E(specific
growth rate) & A3 A5 Fig 1o Jepfigich o]
Az dzge] o] 04 g/ olslelMEe FFIZLA
whe V1A ARS-3S w9} wimste] w]FALE )
o7t AE YA FRsdT 2 oA A

2 & 4 9l¢dr}. Ethanold 3% 3 12%, penta-
nol®) 7% 1 20%2] v FAEE s Ryl 4
propanol@} butanol®] 7ol gleire B LRl
vl#) 71A 27} AskA dofvle A 4 F A
8% A% ¢3ES Hls F A$el UoiA F
) FAGo] FFR LTS AR 47 7 5ol ¥]F
AHAL & = Aok F gF&o) A o] FAAA]
Birddos AeHe 4 4 UMk Fig. 2¢) o EH
A A& Jepisich ol24 71-F 45 AT E
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Fig. 1. Effect of alcohol concentration on the specific grow-
th rate of A. eurrophus(Glucose conc. : 10 g/}).
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Fig. 2. Effect of alcohols on the time courses of dry cell
weight.
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Fig. 3. Time courses of biomass, glucose and ethanol of
A. europhus.
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Fig. 4. Time courses of biomass, glucose and propanol
of A. eutrophus.
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Fig. 5. Polymer yield on biomass Ygx as a function of
alcohol concentration at 48 hrs(Glucose conc. : 10

/D).
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3-3. ¢3E SF Y A0l DEA g ojxl=
q

3-3-1. ¥R FHE

ol A& ute} gAY ZEA SAHES #$
atgle vl 484]7bo] At Fo] F Aol NI TEAL
%2|8% Fig 59 vrepligic). Bader SF70s
uhg Alg3te] A2 HA &) vlwEle] B oo H& o
2 304 g/l olsh M FAW TEA F3H§0)
&329 ol WA F@psiggon) Gz g FFafo)
Z74gel w2} §43] 7F4stddcl Ethanol?} penta-
nol & £3(02-04¢/) AH43 H$ FFIeAS
71A 2 A3 7ol v]e) 22} S3 fo) FAEHIE
v}, o]& ethanolz} propanol& A% H718tAS 4§
H|ZA &5 Zosle] o2 ql3 FAW FA 52
A E37F o Z2A Jepdr] 222 Assoh £
A& o)l A= ethanol®] 7% %1 40%, pentanol®] 7%
33 36%29 3% s Boch

3-3-2. ¥4 FEFANY HY s w3}

Methanol&- #l 9§+ 570 ¢) &2 7H 43284
propanol®} pentanol-& A}-8-3%-& 7% HBe} HVe)
FZEA7) PSS o F ek ol AFA: &
247} B4 71AE Ao R Al gdte A Sele
HB2} HVY 33471 ¢ R 71£9 d733
[7-9]et dxsldm, BPAAY ©@ass 7H G2 gl
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Fig. 6. The HV content in copolymer as a function of al-
cohol concentration at 36 hrs.

7141 methanol®] 7% &F709 ©@4E 713 7
A= E735ta HV7F A=A & olf+ HVA
el APA A=A HVE A& propionyl-CoAs]
E& ) 3}od okgk 71531 12] methanol-& FZ4]o] CHy
OHZ2A = F24 propionyl-CoAS Y + 917
gzl T4 sagE M edE HVREAE
AR Esh= Ao g Algdch

$A% FFEANe HVE=kS propanolg AH-§H
7397} pentanol& AM4-§t A$-H} ZA Jehds, F
F #aUFe] d2ge o] FUIEFTE FSEA
el HVE=ge] S71ee o & Uck(Fig. 6).

ety dF L] FF R F=E 2N Uik
Ao HVE Eshs F5EAE 4T 5 d& A
o2 Atusrh

3-4. AFE FF U B0 2EXS T.0l oixle
HE

Methanol, ethanol ¥ butanol& 7|& 2 A14% 7
o= wE2+] 434 (melting temperature) o] 175C
2 A3l 1, propanol®} pentanol 7] A2 Al4-51ed
AT T8AFY AL o] B} ¥ ghE veplgich
o] 2 %-F] propanold} pentanold 71AE AME-E 7%,
P(HB-co-HV) 9] F3¢A7l §4HASE 5% =+
slsith. Propanol#} penfanol2 AR4-3le] A% ZE
=2 g8 zhzte] G2 go Feko| FrIHSFE AL
o2 7b45bed propanolg A A-S 142T 7}#]
gold e ¥ § gk oleld A FFFA
e HV§akel F713tel ae} 33 e dAol &
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Fig. 7. Effect of HV content in copolymer on melting tem-
perature, T, of copolymer of this study.
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Fig. 8. 500-MHz lH NMR spectrum of PHB sample of

this study.
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Fig. 9. 400-MHz 'H NMR spectrum of P(HB-co-HYV)
sample of this study.
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Fig. 10. Gas chromatograph peaks of PHB and P(HB-co-
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d3& H7l tadde] &g PHB ¥ P(HB-co-HV)S] Al a3 A7 447

0] Uk

Gas chromatograpyE o]-8§ PHA® BAjg FHZ
2y 2l sl 2Eg ul15], GCE 183 &
Age 7129 UV ¥ Gravimetry H+& NMRol
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F2a929 4T EL shAhg o YA ARSI A
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dme ol 04gl ol AE FAW LA 24
go] YT Foll vy L@ o} T L
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2o20E 7|2 A4 5ol vs) 2R S gl
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gteko] Z7}slth Propanol®} pentanol& H7}3led
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# A
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