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ABSTRACT

Poly(3-hydroxybutyric-co-3-hydroxyvaleric) acid(PHB/HV) copolymer synthesis by Pseudomonas
sp. HJ from glucose and cosubstrate was investigated. Taxonomic analysis suggested that Pseudomonas
sp. HJ was best matched to Pseudomonas picketti having 78.8% stmilarity. Pseudomonas sp. HJ produced
PHB/HV copolymer containing 60.8 mol% HV and 44.9 mol% HV when supplied with hexadecane and
propionic acid as a cosubstrate, respectively. The HV composition in PHB/HV copolymer was con-
trolled by varying the concentration of hexadecane and propionic acid. Propionic acid added after 24
hours of incubation was incorporated as the HV monomer in the PHB/HV copolymer up to 49.6 mol%.
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AEHA ZEAFAS T2 dAEA
2A 7P F5& 43 ge 7ol HlE poly-B-
hydroxybutyric acid(PHB)ald], #4Zet =3
Hg BAS ZHA2 Qe 2 A &4 A
o] oj¢ =ch(2, 3). 2zt PHBE: brittlenesss}
stiffness7} ol A4 AA 4R B FAA
o] qich(4). ulebA] ol AL #HAs7] st
o hydroxybutyric acid monomerst C;~Cyy AT
9] B-hydroxyacid monomer2 A poly-
hydroxyalkanoate(PHA) ol thHgk 77} &3] 7
gxalg) 2 =4 =3, PHB chainol| valeric
acid7} £F% 5] ¢l= poly(3-hydroxybutyric-co
-3-hydroxyvaleric) acid(PHB/HV)7} «d7-¢ o
Abo] gz glth(5, 6). PHB/HV polymere $
Ao &1, copolymertfe] HV gafol ule} chokat
E4¢ 71xA 5§22 PHB homopolymer7} 713
= A FEY 4 o, ookt 422 W vk
Aol o} Al o @ 7 7}HE AT glth(7).

Ramsay Z(8)& Alcaligenes latus, Alcaligenes
eutrophus, Bacillus cereus, Pseudomonas pseudo-
flava, Pseudomonas cepacia, Micrococcus halodeni-
trificans So| EE%3T} proplonic acidg 7]AE
3oy PHB/HV copolymer% §Astgdcty stge.
w, Doi 5(9)2 valeric acidE 4o & 3o
Alcaligenes eutrophus2H-8 HV ko] 90 mol%
ol PHB/HV copolymerg #4stglx, wvaleric
acide} butyric acidE A3stA £3go 2 A o}k
T mol%E 713 PHB/HVE 4% + ddcke
59t} Rhee Z(10)o) 2)5l™  Alcaligenes sp.
SH-69: 5 eliglo @ dlo HV ghako] 3
mol% 9] PHB/HVE &4% & sdded, f7bis
o] ¢l5tod 36g/Le] PHB/HV7} Aats ety By
shoich.

o|9} 7re] Alculigenes eutrophus 53} 72 ol
Ao 74, 2 B4 (main substrate)ql L&
9o HV monomer?] A7 & zt4als BX b4
%] (cosubstrate) ?l propionic acidv} valeric acid
Z wfxJe] Hr}eE o PHB/HV copolymerE Al
I &A= Ao 2 W s{rh(1l, 12).

B Ao e "B (13)4 B2& Pseudomo
nas sp. HJ9] 988 54 43 TAERY 22
71"e] PHB/HV ¢ monomerd]| =)= odgko] of
stel Az shalr.
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B AT A" FF5 Pseudomonas sp. HIZ
A Azdde] AT M 2o shaflel e
o 28¢ PHB/HVE A4kste S4& 742 Idd
o} (13). wioke A% 7)EuiAY] 24L& £2% 1.0
%, (NH,),S0, 0.2%, K.HPO, 0.3%, KH,PO,
0.5%, MgS0, - TH,0 0.02%, FeSO, - 7H.0
0.001%, CaCl, - 2H,0 0.002% 1 o=, pH 7.0, 37C
o) 4 flask wjefstict. o)u] 250mL A}z flaskel]
a2 100mLE #H7}3ked 200rpm o2 337l edulok
3t gict.
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Table 1. Taxonomic unit characters used for the

numerical taxonomy of Pseudomonas sp.
HJ.

Growth characters : growth at aerobic condition, 4°C, 42°C,
MacConkey agar, KCN broth, and 4.5% NaCl

Biochemical characters: gelatin liquefaction, citric acid
utilization, hydrolysis of starch, casein, PHB, esculin, and
Tween 80, production of catalase, cytochrome oxidase,
urease, arginine dehydrolase, lysine decarboxylase, orni-
thine decarboxylase, lecithinase, phosphatase, pyocyanine,
pyoverdin, phenazine, diffusible pigment, fluorescent pig-
ment, indole, and HS, nitrate and nitrite reduction,
ONPG, VP, MR, PHB accumulation

Morphological characters: flagellum number, spore forma-
tion

Acid from carbohydrate(1%, w/v):glucose, lactose, maltose,
mannitol, salicin, sucrose, xylose

Utilization as a sole carbon and energy sourse(0.1%, w/v):
glucose, xylose, arabinose, fructose, mannose, rhamnose,
lactose, cellobiose, maltose, ribose, galactose, trehalose, su-
crose, starch, inositol, ribitol, glycerol, mannitol, sorbitol,
salicin, inuline, dodecane, hexadecane, propionic aicd,
decanoic acid, citric acid, acetic acid, gluconic acid, tartric
acid, adipic acid, succinic acid, malic acid, benzoic acid,
maleic acid, 3-hydroxybutyric acid, nonanoic acid, oxalic
acid, butyric acid, pentanoic acid, hexanoic acid,
heptanoic acid, octanoic acid, lysin, e-ketoglutaric acid,
arginine, isoleucine, omithine, glycine, glutamic acid, eth-
anol, buthanol, propanol
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B2, 2¥8L Jehil= 233 (unit character)
AAEA ZF f71sHHEY o453 AslEY &
A& olgstgom, FAAe YUEL Table 194
B uhel 2ol 957Ke)gich. FAEAH(14, 15)F
53t FA|F Pseudomonas sp. HJ¢} $-Alsiciz
B Es d2FFES AAsded, A8EA A
548 FALFHE Y AN FFEL A5
7t A EXo] fAlSE R, Pseudomonas &1 9]
TFES Ao 2 o]E7ke] key testy} He #HA

o] A4S At di2FFE AAs . o5
9] falex Jaccard coefficientE o]&aled 3}

AEH16). o] $AEE 7122 dof 22T AR
o AHEHE SAE SAEE Bt 34
9 FAE AL ¢ ZZ WS Statistical
Ecology, A Primer on Methods and Computing
(1) e ¢=xE5F =23l cluster.basE A, o]
zzade 22 AAS Byl g S
A%5E A2ehd slof 97] wlRel Q basicoT &
Agulel] gt 23 ASHo 2 oA wWEsd
personal computer 2 #A3}oir}y. B4 x2)gt Azt
= u2e(%)2 dehsich

2713 Holol gt PHB/HY Mate] Ag

B27]A2 4 hexadecane®} propionic acid& 1
%9 Zecko] 48 4% Hhualo] 2 yru2
A7istod 37°C, 200rpmell A 484)7F5} wljoksk &
AzgA%, FA9 PHA ¢ HV gebe 2359

. w3k S HAwl A A Pseudomonas sp. HJ

Z)
71 F71(18A17F) 2 ] L1 (2441719l
Tt wjekgt & AxFA, gAY PHA o

=]

&5 9 XL membrane filteration method
of o3 AzFAted EHAsor}t. AzxFA IS
Hopelgel FAE Aeld AWTE 28 AR F,
0.2um¥] pore sizeE 7} membrane filterZ 3
Tdted 100°ColA &eFo] 2 w7tz AzFo 2y
2 Fee Sashsich A%el mee 74 g
2] ODs} AZFARHe| BT 2ye] 74
Moz 2seit. oly F4| setale] ODsl Az
TAF Abolells o539 A7} 2dsich
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Dry cell weight(g/L)

A9 PHA Aage GCZ AAstci(18). =
okl o 2 HE 34 AxFA 50mge chloro-
form 2mLe} =eke- (3% H,S0, #§) 2mLsF &
7}8 screw cap tubedl] o] 100°Cel4 347+ 30
5L WA F Ao 8 YAt} o] g8
o 254 ImLE "7l 7FeiA AEdozy
PHAE methylesterificationA]Zich. HARalg 4
£AF, TS, FUlErze2 223 3 fo)8
% 2418 GCol Fsisich. oluf A4 GO
HP-5890A¢ed, AL 10% Carbowax 20M-
ON glass& Al43l4ix, 29713 N, oven tem-
perature= 160C, #4<& 30ml/mingen, &%
ol &3 E71§ AHgstdth. £F PHB/HVE Al
drich AF& A3}t

A 9 13
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AR (13) oA Bk wle} zho] FAlF Pseudom-
onas sp. HJ+& hexane, hexadecane, propioic acid,
varelic acid, octanoic acid, decanoic acid £0.8
& PHB/HV copolymer& @A4steich. dubA
2.2  Pseudomonas oleovorans(19), Pseudomonas
resinovorans(20), Pseudomonas putida(21) %9
Pseudomonas 48 AM&-¥ g2 929 £Fo we} o}
&g 249 PHAE $4sts 7oz o8 9o
U 2 #F= HV monomer 99 o2 monomer
© A ZAsA ol 7Eel B Aste e
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Pseudomonas sp. EL-2
_:: Pseudomonas picketti
Pseudomonas cepacia
\_[l:: Pseudomonas gladiol
M Pseudomonas pseudomelant

Pseudomonas putida

Pseudomonas stutzeri

50 60 70 80 20 100
Similarity(%)

Fig. 1. Dendrogram showing similarity relation-
ships among Pseudomonas strains based on
the Sjcoefficient.
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ajeba FAFY Brof A8 FAHE Azt $A
F& AAskdTh & API system3 §4bHdl
o] 9sted ZAF Pseudomonas sp. HJs+ of
S ok 9571x] g EAE A AH(
A)E o]&3ted Pseudomonas sp. HJ9+ z+ of
F748) SARE AbEEld. oE fAEE A
BN & $AEE AT A3 Fig 1d4 2
L ol o). & FAF Pseudomonas sp. HlE 7+
Y 2FFESd A Pseudomonas pickettis} 713
AEs) B Ao R epdth(78.8%). vt B4
Hel $7)2FelA B FE0 ZeR 5 e &
AR 85% AEel 7o dEx glerns, B &
Alg- Pseudomonas sp. HJ& Pseudomonas 49} ¢}
Z Z(species) o| At 2L FL 7FsA o] Eo)bet.
#32 Rhodococcus sp., Corynebacterium hydrocar-
boxydans, Nocardia lucide B-& ZTEW, I}, ace-
tic acid, succinic acid, lactic acid F¢] unrelat-
ed carbon source(2, 7)EXE, Haloferax medi-
terranei, Rhodobacter sphaeroides, 4% non-sul-
phur purple bacteria $& A&, acetic acid 59}
unrelated carbon source 228 PHB/HVE 343}
L 7o 2 wrsAk(2, 23, 24). w3 Pseudomonas
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Fig. 2. Effect of hexadecane concentration on the
PHB/HV production by Pseudomonas sp.
HJ. Culture was carried out for 48 hour in
optimal growth medium containing differ-
ent hexadecane concentrations. — ® —, dry
cell weight; —A—, PHA content; — 0 —,
HV.

geruginosa= TFolt L=}z & unrelated
carbon sourceZ%-¥ poly(HB/HD/HDD)%& A
steAo 2 W RTh(25, 26). 2y} oAzl o
W #A unrelated carbon sourceZ%& HV
monomer7} PHB/HV copolymerZ incorporate %
A= gsA oA gt AEHeER AdACE
obA7tAl £2]5 ] 9 ol AzH A& 7
PHA A4t vjgEo] wozlz}l Atgs|mg PHA dof
AL A9} A FF S FEF o] Fo|of
st

2x7|8e| 5o 25 AF

AR (13) 4] hexadecane, propionic acid $&
Brdo 2 A48 9S wells HV monomerd] ¥
£o] 49~74 mol% 2 =} FUohr Raslgid.
olgig Azt HA9 FA A& vehle il
4 12 7|1AE st3, HV ke 371 vehd 7)
AES 23} 7| AR AFEA] FA A% 2 A#glo)
HV geke] %2 PHA copolymerE A4 ¢ 3)

= e AsAS AAEa sldt. debA hexa-
decane3} propionic acids 1% Ero| &4
A5 2 A Rlol 7 FEEE Hriste] 48417 Ft
wlorgt Asb= Fig. 29} Fig. 364 2&= uje} 2
t}. Hexadecane® 7%, 357} FolAdeE FA
AL A3 as e, HV e Ak 37ist
o] 0.4%E F7bstdedolE 60.8 mol%7tA] &4
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Fig. 3. Effect of propionic acid concentration on
the PHB/HV production by Pseudomonas
sp. HJ. Culture was carried out for 48
hour in optimal growth medium contain-
ing different propionic acid concentra-
tions. — 8 —, dry cell weight; — A —, PHA
content; — 0 —, HV,

=gtk =3 PHA £48&2 0.2% o449 X
A 34~36% 2, hexadecaned- 7|3sl=] ¥kl 7
F(10.8%) 2ot 4= slch. o]z Z3}tE hexa
decane A A&l o452 ¥, whx PHA
Aatellgt o] &5 7R iME £ ok At
7] hexadecanes PHB/HV AJite] ATA 2 Al
g o= 23¥ o] ¢ith. Propionic acide] 7%,
0.3% ol Fxold 74 A% A AHHY
o, Aol PHA £4g% 7tistgovt HV &
F A Z7hlY 04% 5 Hrlebede A4S 449
mol% 7} Z71stedct. £ hexadecane?] 793}
o}xb7} A2 HV 382 % 7) propionic acid %ol
vlgate] Zristded, olgd AL Zhang ©
27l a4 g v} ot} & ©]E-& recombi-
nant Klebsiella oxytoca®] 73-%, propionic acid %
=7l OmMell4 10mMZ Z7}24& HV e
57 mol%7HA| 718k sfo] B o379} Akt A
& vjehhgict. 0.2% ©]8te] propionic acid7}
A7 " A$ FA %L 6.25g/LOE, propionic
acidg #H7heb7) e 744-(5.89g/L) 2} ¢3)e
+o8t9dom, PHA £38% 34.8% 2 7} &3t}
o]2{gt ZI= hexadecaned) ZA$-oh= 2], 0.2%
A% 9| propionic acid= PHA AjAkzel olje}l #
A Aoz o]4d £ ks AL Yehfich, =
ot EFd Xrcro| BF Au]HW propionic acidz}
Badog o]4d 4 2eg dugtth. Alcaligenes
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Dry cell weight(g/1)
£

PHA content(%) & HV{(mol%)

Feeding time(hours)

Fig. 4. Effect of propionic acid feeding time on
the PHB/HV production by Pseudomonas
sp. HJ. [, Dry cell weight; 8, PHA con-
tent; B, HV.

eutrophus®] 73-% 0.1% £] propionic acid %ol 4
27 A%o] A9 AA"ca wusorh e
£ FAFo2Re PHB/HV copolymere] HAe
Alcaligenes eutrophus®] 792t} #8298 o 4
AEY

4719 Azt Alcaligenes eutrophus(11, 12)9
7359 AR 13} A ZEeR) 23} B
% (propionic acid)< 233 v]&2 Zisto] Hr)
Fozy tokdk mol% 9 HVE #4-3t= PHB/
HVE $4% + sle 7FsA S A8 F3 E4)0
AfAHo 2 olzd tlokg mol% o HVE zZ=
PHB/HVE o]&3lo] PHB homopolymer2 =
Az38}7] ofe]E bottle, film 58 -84 437t
T8 T U5 E R

Propionic acid SgA|7|0 2|5 st

HV ATA 24 propionic acid® AF&& o, 2
T wet AxFA, PHA 234§ 9 HV
gafo] kg Wh= 7lo 2 B aye 9Jrh(27). u}
2t 1% 9 T=go] 43l B8 w4 2
A& wloksl®A 0.2% 2} propionic acids z+zt
F 271(02170), 247 271(114)17h), %7118
A7) 2 7124217 ol A7kske] 48417 <k uy
kgt 23}, Fig. 4oll4 B wie} zho] ZFA|7]o|
et A A%, PHA $244 2 HV #eko] w3}
atodct. Propionic acidg 74 A4o] 2utgh th
7] F70e b W FA 8o 6.60g/LoR
7 rstdeng, AT A4 @Hol s B
gk A)717} propionic acidell <% A4 As| sk



Vol.11, No.5

o
fr
I
X
o3l
o

& Ale A,
A7 el A 35.2~38%
) S WA stk 2y
HV g3k ArpAzte] A QdeE Az} 7t
Al=bsloded], wieF Z7]ell propionic acidg 7}
& A+ 199 mol% ek, ti7] 2ldl 7t
598 Aol 49.6 mol%7tA Z7)3qct. o)
A S ZAasA 41 vled dHstdr] dE
o #H7}% propionic acid7} #A Asr¥d= HV
Aol o] ojgFdeet F5%}. Recombi-
nant E. coli(28)¢] A%, witzr|vic} d7] F
7}l propicnic acid® H7}3& w HV §ako] 7}
A} Zo}l B oA}l Axjstgiort, recombinant
Klebsiella oxytoca(27) 9} 7% A7 A7 el A Glo]
HV ghako] Ao odAslelx, =3 PHA $A4&x
g7 =)ol ArheE A7 P Eol £ AFA2

Sopis tha Abo|saich.
2 o

B e o Bhaglel TrgoRHH
PHAES A= ZA|F Pseudomonas sp. HIE
Boh s A3 st FAERE 2%
Qo £y BEr)AdE Hrlslelgwe PHB/HV
A okxke M el Pseudomonas sp. HJ& 2+
W ZFFS3Fol| A Pseudomonas picketti®} 7} -
Aert 2 102 JEpTh(78.8%). el A
Rl Fd F5 2ZE 7 de e 85
% Hxel ZeR gy glomg, B FAH
Pseudomonas sp. HJ= Pseudomonas 42} t}2 £
(species) o] ALt A2 F(species)d 7}sAo] &
sreh. Bx7)1A 2 hexadecaned} propionic acidE
7 04% 4 AHE A w23kl vlaEo
HV #eke Az} Z7kstod 22k 60.8 mol%, 44.9
mol% 7} A ¢lch. PHB/HVW e HV deke
propionic acidv} hexadecane?] T & =2|sto]
A7bgo 24 24 4 9ok B27|AE propi-
onic acid 0.2% % th4=7] %719l vl 184|173 #
7hsted g FA Aol 7P} slgdert, HV
monomer 9] W& ti7] 7|l wiok 244)7keH ol
H7}sted S 49.6 mol% & 7} E9kth.
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