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AFEE LAY A PR A SV A JERR L o @ BB Haloferax
mediterranei 14 2 Pseudomonas oleovorans 7 e LRI AR st A e kR
L HpERE F i & (functional groups) z. PHA (polyhydroxyalkanoates) -

H. mediterranel ik ted= 4 pH 7.0 T & 73 pEpd - #r @ FHEEF (36 FP ) i
FAE7TE 560l i h-pH65 T Fa s B AT A2 PHAE 553 (Y
=0.09) - ?i&" 7 4e 0.1 % KHoPOy & (748 P > #7418 E’];L__,?ﬁxrﬁ 1559 g/L 1‘3‘}/]
by 0.0125%KH2PO43;£W’&‘ FepF > o718 PHA € 2 %% » % 0.63g/L -

W EEE Y > R L fEMARY 2 FT-IR-NMR-DSC & R BEA 78 2 A 4 2 %
425 - 12 olivedil 2 soybean oil % sikie (744 > 7 ® A4 PHA %4 5 PHBV >
H PHV #1ik2 1t b4 % 5 811%% 7-8% & 4% PHV v 63 4c » PHBV %5 Bher gt
BEH R REEL T E o

P. oleovorans f7 & 1% sodium octanoate § TR - 3 f% 71 FEE 5 3.07g/L > PHA
AFHE 90390/l PHA 9 ARz £013%;: &'3F FE T > AHME 9L 3.049L
PHA % f# & 7 $% = 3] 1.09g/L » PHA X iksz ‘Eﬁg‘_ 36 % -

% P. oleovorans 117 Ik giRE FHAERE 0 fTAE PHA chigdgs g PATA R
sodium octanoate % TR > B A 4 12 PHO(polyhydroxyoctanoate) z 5 2. + & 4 ; ia%,? i#
* undecylenic acid B R B > ¥ A 24 Rl 48 R oz B 5 OB 4 2
PHU(Poly(3-hydroxyundec-10-enoate)). 1 ; 4= * nonanoic acid = # & » RI¥ A 4 7
4z PHHN (Poly(3-hydroxyheptanoate-co-3-hydroxynonanoate)) = &+ -

* ks ¥ okl freok/e - g (ethylene glycol) 5 ik fiss % B2 iR &% > A& L f8
P 1B R (e @ arachidonic acid - linolenic acid %) » 2 FT-IR~ NMR -~ TGA - DSC -~ %
&R B LT AT PHA L‘%”f#-—*’ii 'f’i?\? s PR ERFFRE s PHA -

B 4o ¢ v5 3@ F] ~ Pseudomonasoleovorans ~ g A e ~ F oA~ TR - G
Ay £

Biosynthesis of biodegradable polymers using halophilic bacterium Haloferax
mediterranel and Pseudomonas oleovorans was conducted. Manipulations of carbon source
as well as ingredients of fermentation medium were investigated. PHA
(ployhydroxyalkanoate) incorporated with functional groups is anticipated.



H. mediterranel grew most rapidly under pH 7.0, dry cell weight reached 5.6 g/L in 36
hrs. Accumulation of PHA in the cells reached a peak under pH 6.5 (Y ;x=0.09). Fermentation
with dosage of 0.1 % KH,PO, resulted in a high cell concentration (15.59 g/L). Under a
limitation of phosphate (0.0125 % KH,PQO,), high PHA content was obtained (0.63 g/L).

Olive oil and soybean oil were fed during the fermentation producing PHA. The products
obtained were PHBV (polyhydroxybutyrate-co-polyhydroxyvalerate) whose PHV contents
were 8-11 % and 7-8 %, respectively. T, and Ty of PHBV products obtained decreased with
increase of the content of PHV.

3.07 g/L of dry cell weight were obtained using P. oleovorans and dosage of sodium
octanoates. PHA content was 13 % dry weight. 3.04 g/L of dry cell weight were obtained
under alimitation of nitrogen source. PHA content was 36 % dry cell weight.

Different products of PHA were obtained by dosage of different carbon sources. PHOs
(polyhydroxyoctanoate) were the major copolymers obtained by dosaging sodium octanoate as
a carbon source. PHU [poly(3-hydroxyundec-10-enoate)] and PHHN
[ poly(3-hydroxyheptanoate-co-3-hydroxynonanoate)] copolymers were obtained as dosaging
undecylenic acid and nonanoic acid respectively as a sole carbon source. Introducing the
various functional groups into the structure of PHAs facilitates the development of
synthesizing new functionality biopolymers for many uses.

Key words : haophilic bacterium, Pseudomonas oleovorans ployhydroxyalkanoate,
functional group, nonanoic acid, undecylenic acid.
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AR ETREFNERE S S A w0 R ERE AL S
KFE R 2 EAre FIL S A fRE T LA 3 SRR SRR R Ry Yip.
LHT PR RFILG 25T AR Ah RRET T A mE - L FE RFORE
T g —‘ﬁ KfEm AR - 5 bR~ 2 B p REPF 2 EHBRE S L G 7F
Flm T & BX LR AT AfEEHE AR R * E 2 5 1996 £ 5 14000 = ¥ 3 4v 3|
2001 # #68000 =+ (Grossetal., 2002) -

Gd T AR - B A (Polyhydroxyal kanoates, PHA) ™ i ficd 4 2
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vl 3 PHA R A H 2 do@ s W hoendg > L 4e 4 & AP R at G
» Bl ’£+_'r* iz‘%mmiré/*%“z%‘ho Flet o MEF FLRGEAM Y 0 B d
HIEERA A AN AR AT m#rr%uicagggn]%@»ﬁﬂz A A FT LR
?‘ 24

e

% # ~ D-chloroform -~ olive oil ~ soybean oil ~ * g F£ g Acrosorganics, Geel, Belgium »
FAFAE AT SBRfAC & 47~ LTV AN~ g Th4e s g TV 4T~ F 1V 4% s Fnphi4spE p Nacalal tesque
Inc, Kyoto, Japan - Yeast extract p-p DIFCO Chemical Co., Detroit, USA > § % #& -~ Sodium
octanoate - p Sigma Chemical Co., St. Louis, USA » s fit & 4 ~ Fipcdspitp Wako pure
chemical industries Ltd.,, = <, p & > % it 4 p  Malinckrodt Baker Inc., Paris,
Kentucky -

22 Fifbies % B

AR ERTH EFRG A ko Lot @22 Haloferax mediterranei ATTC 33500 #
Pseudomonas oleovorans ATCC 29347 - % Hp At a R 1 ¥ BF T L A F Fihik

Haloferax mediterranei ;% fi 32 % & 2 & (g/L): NaCl 215~ NaHCO;0.2 ~ NaBr 0.5 -
MgSO, ~ MgCl, 19.5 ~ CaCl, 1 ~ Glucose 1 ~

Yeast extract 7.5 -

Pseudomonas oleovorans ;% k32 % L 2 & (g/L) : (NH4)2S04 4.0 ~ KHPO, 5.8 -~
KH,PO, 3.7 ~ MgSO, » 7H,0 0.4 ~ microelement solution 1 ml » # # microelement solution
4% (glL) (IM HCI) : FeSO, » 7H,0 2.78 ~ MnCl,, + 4H,0 1.98 ~ CoSO, » 7H,0 2.81 -
CaCl, « 2H,01.67 ~ ZnSO4 *» 7TH,00.29» sz F 2P 3 i 2 b (AT = )o

2-3 Haloferax mediterranel 2_ % ¥ § 2% > 2
2-3-1 A4~ pH A2 & 2 PHA R 2 #2358

Rpit (A HERARALY 37 CTFEL 42 LRE- X E »FF 50ml =

i ER A & A ALY o i BT 36 0 160 rpm > 37 C)Z Eik 0 B~ 5ml v &



%&ﬁﬂ»?1NNa}+&1NHCMQﬁr%4H(£W% 50-65+7.0-80%) i fi
A A AAGELY o TR YR R B A N i 160rpm -~ R R 37CiE T
%

) 305 36 R AT AN E R iEA S PHA 2 £ o

n‘?& n‘?&

2-3-2 KH2P04/J 4C}§ﬁ£ﬂ'}?] £ %2 PHA # 7f %2.”%‘3

R R zik;‘f‘ 4¢ 0 ppm ~ 20.83 ppm ~ 31.25 ppm ~ 125 ppm ~ 250 ppm ~ 500 ppm -

01%‘0296‘04%0MNd%vKHJIME-La’-r%%m%pHF%pesxaﬁ Ay
36 1 A HTIE T o pEA S PHA ¢ R

233 NFEFBLIABHRR MIHEATRAZLART AL EFF R (Gomez e 4.,
1996)

BT E R LRMBAEFR A 24 R BT HFRRER Y oliveoil (Iml/ 1L
medium) ~ soybean oil (1 mi/ 1L medium) &g » ¥ 2 Bt~ 47 A ICE o iE A
PHA 3 £2 5 -

2-4 Pseudomonasoleovorans 2.4 ¥R % = %
2-4-1 *T§ ~ ﬁtﬁ‘&@‘ 4v 4 % (Guocheng Du et al.,2002 )

LR e R E T F ﬁ&i‘%?i’x PEit4<30CT) L9 8- A% » &3 50 ml
SR FT A AL ATEY  ERERTS X (30C 160 rpm) > 2 (S E 5 ml Fik R
P 50ml e R s A AR 2 gAY 0 BB SNER R s 4 4 i 160 rpm - i & 30
CfFrd T a4 36 | FLEEERAT -

B fiy R &Y B &R ;; sodium octanoate( 6 g/L ) 2 %2 sodium octanoate
¥ acetic acid & A\,Fﬁ\//);'l ( 1 f—- FL,) 'ﬁ v oo (NH4)2504 20 J 4ex A 066 5 o y2d
Jg % sodium octanoate (6 g/L ) -

2-4-2 7 F A A2 BB T %

B K A dp A B 7 4 sodium octanoate( 6 g/L )~undecylenic acid( 6.65 g/L )~nonanoic
acid (6.54g/lL) S RT3 pE > [ 36| PRSP HR A 47 o

25 AL

2-5-1 FMlic £ iRl



P~ 50ml 3 pgie 2~ PP &re g ¢ >t 12000 rpm 8 i# e 15 24818 0 2 'k b ik e
£ 4~ 15 ml 15 % NaCl 3 ik id s > £ 0l e fRfgs if & g o0 2 ok b i
( Pseudomonas oleovorans & s # 2 ) o 2 14 ’11 racs ﬁ—‘ ok g R F’]ﬁ‘“ AR
TR AL FA KRR RSP B EE R AT HRSEIEL ZET S 50 ml

Fli? 9T 2 Filmie g L o
2-52 PHA 5Pt (Kimeta.,2000)

Mk TR 1S DM A A Bk bk ALY 0 e~ 80ml ehg 70 BRI
e ] pF oo IR MR Y hE D~ RRRSEEY 0 1Y R RIRSEE 50 Co
Bokip? 7k Ik ﬁﬁmﬁ:\; T RIS E WL PHA e 28 0 e
»ER T EERGICY 0 R PHA L e d § F

2-5-3 e+ &k (NMR) ~ 47

#-50mg 2 PHA ;3 ** Iml CDCl ¥ % ** NMR sample tubes ¥ > ¥ 3 » + % £ & B

-~

47 w7 'H-NMR (300MHz) % 13C-NMR (300MHz) 4 4% -
2-5-4 A £~ 17 R(DSC) 4 +7

B~ % 5~10mg 2. PHA» &% # 7R & 5 50ml/min = » v 10 °C/min 2- 2 8 i# & 4 $4
BLZPHA 2 B & B R R (Ty)2 B 8(Tm)2 %1 iE‘JéﬁiﬁfE%@ 2-30C~220C (P
oleovorans z_ iRl:# 8 & # R 5 -70 ‘C~120 C)

255 #E 2L Lk (TGA)A 17

Be% 3~10mg 2 PHA 53t 6 £45 + > & § § T 2382 100 °C % 4% 10 4 46 > £ 12
20 °C/min #h= 35 3¢ 2@ 3 600 C it 7 44 4 12 Eﬂ»’*PHAm“e‘ﬁ#F*%’“L”&* °

F_k

- 41 by 2> L )
= ‘lg%-&;d‘fxﬁ

3-14 45 pH # H. mediterranei i 4 £ 2 PHA % f# 2 % 5F

d - @alddepH B 7028 E AR AR ET @RS AME(ICHE T 550
gL): A depH £ 5 652 5 AR AR E > H2FHEV FRE PHA 2 (Ypx=0.09)
@Avds pH 5 5O $HEARM L £ fr PHA R 48§ P AR enird Do -

3-2 KH,PO,4 iﬁ:*:;&)ii% H. mediterranel #F#2 £ 2 PHA R #2835 (Lillo et d.,



1990)

d BRI E £ % ATP g & A2 - % 4 Lillo (1990) % 4 e § > Bi
FUERH AW AL L2 PHA A 4§ BF 0 &A@ {8 g0 KHPOs - 738 1
;oo

]

B R AW S 0 KHPO, i 4 ik R H AR £ 2 PHA B4t el Ags
G- TR 2 E KH2PO4;',9]:4c;'}éI§:§F§ (>0.1 %) pF - ¥ FH8 2 PHA R fisk
3 P e o

il
¥R AR Foe 01 % KHPOs 3 7 1% & &% & 1559 g/L = & PHA R 4
A

# "1/?]‘4c00125%KH2PO4%;\ﬁ§3‘_)§_L PHA 7 # £ 5% i 0.63g/L (9 i F#e
4.7 %) -

£

€ hn
33 FEia&mk > 2 Homediterrand 2 3 #5 7 it A2 A E AR FF
3-3-10liveoil 413 g%

i F 5 % 443 56 pErFEL o PHA R4 &4 04609/L &2 % 0.69
o/l > Faip] et PR B bic 2 £ B 441t oliveoil 2 2 PHA -

pa i)
bt
AR
- T
*ﬂ
=
Jir
F_&.

3-3-1-1 P IR kAT

HERz B B> 24-7 & 2olive ol lgpsd 22 2
% PHBV -
Fi PHB & PHV s 85 - 7 & (\CHa)» I3+ Ea 7 Raffavid ¥
5 S PHB #rik 2. | At o 38 2 840 (Heinzeetd., 2000) :
. Area(B4)
PHB% = Area(B4) + Area(V5)

m

d 3 E % @i PHB thg B4 9106% K3 89% %]y 4 ipl oliveoil ey & g
® ﬁ%ﬂ AN EREARY e PHV 2 & it s o

% - PHBV z. 1H-NMR #f & %
PHBV B2 | B3| B4|V2|V3|V4|V5
Chemical shift(¢) | 25|52|12|25|52| 16|09




CH3

BACH
%omcm%—éomcm%L
PHBV 4
3-3-1-2 gL £ HFf ~ 17 RA 4T
1B - B~ - B4 > & 32 (0L32)~38 (0L38)-44 (OL44) | FF A 4 2

Tofe Tm e B A ke d = 567 » BB 7 SRR - A d A Bl > 2 B A
Y E PHV ik PHA & et 2@ *5 i o

%= 1 oliveoil AL ks #718 PHA 2. DSC # 7% %
Sample | T4(°C) Tm (C) PHV (%)
OL 32 - 146.55, 162.30 9

OL 38 121 | 143.14, 162.49 8
OL44 | -1.73 | 137.23,157.61 11

3-3-2 Soybean oil 4 L3 %

d % EEB L T AR A REEAY C RAFFELE(H 8L 2 10gL)>» PHA
AAR R FF AL W e 0 ¥ 46/ PF PHA 7 £3i% 053 g/L > 487 soybeanoil
FREAH G 4 E PHA 2 4 & -

€
5

3-32- L PREFRRA T

HRL - 12 BS- SRS~ Bl = o 2 soybean oil AR AR
fﬁ_fx% PHBV:>® PHV e1§ £ & SE P 3 4 @ R (d 8% % 7 %)- 7]
Oil ehis e € 180% A & R FEARY Fhe 3t & & PHB 2T -

4 &2 PHA
L 42 7P| soybean
3312 ML £ » 17 R A 4T

RHER-Le BT 2RB-L> > 228(S028)-34 (S034)-38 (S038) ‘| 4 4

2 Tgfe Tm B R A Sded = 9078 » FILT It fafhed 2 252
TMHEF PHV @k PHA W G et 2/ 7% i o



+

% = 12 soybean oil 4% 475

%4 % PHA 2 DSC A 5% %

Sample | T,(C) | Tm(C) | PHV (%)
S028 | 172 | 144.2, 163 8
SO34 | 1.89 | 146.8 1653 8
SO38 | 1.99 | 1489 1654 7

3-4 P oleovorans 2. *1§ ~ﬁF;&T4n?5€:

1395 Du et al.cnscit » § @ * octanoic acid & a /R ¥ > aceticacid 5 e /s? 4 &
v A e w!zrvl ‘v aceticacid > H#-¢ v BB L 7 5 A" > aceticacid 1 & €44 &

F]§§£ i 2 B m AR X ;‘Mv\*}]

BEOUE e BERI AL D o

T = (B - )T 0 3

¥ -
(B~ )

3-5 12 Poleovorans 2 3 F ot AR FEER %

3-5-1 12 Sodium octanoate = & ik f% % &

¢ 'H-NMR Bl (B4 ) = 13(: NMR B35 (@ = )4 f7eni %
% " PHO(polyhydroxyoctanoate) = i 2.

v

- ?'\’Jf” o

06 C|H 3
05 (C|H 23
04 CH,

TN

O—O

/9‘ 4( ﬁ}; ﬁ'ﬁ.m/ya L\,ﬁz‘[\/),%l mfi-:]-
S G T Rk gma:*ﬁ 2 PHA B4 b g 7

i 1.09g/L H

CH » CH —O%

PHO % i

PHA chg & o Rk AW * R ER

% PHA *mwe,vﬁw ke
lchia“p«?]:a‘_m%%

T2 A F PHO 13 & 24 R 47(Rl- 4 - ) > RA A~ 95 280C - o
L first run 2 second run st % 4o(Bl- L Z) > RBEBEA

MEFFm AT RS T H
;JE%L Jﬂ

-344°C % 584°C ;&4 GPCiplz_» ¥

WER TN

P45 36F A



4% 5 173
3-5-2 12 Undecylenic acid 5 & iR 3 % %

% @ * Undecylenic acid % sR P » FAREHE- 5 G T B4 A2 A
PHU 14§ » 4oi# * 2 {opt iR (sodium octanoate 2 - undecylenic acid) » #-7 A 2 PHOU 2
£ R A AR H-NMR Bl (M- - =) 7 d 492 57 peak “r3# % (Kurth
etal., 2002) > 2 BC-NMR(® - + =)+ 114 ¢ 138 i1« peak 1% (Leeet d., 2000) ; @
PHOU %4/ _"H-NMR B3+ + B 062 U7 B (Fe)2dfirt o Wad LRy

LN o

B o
%w  PHOU z 'H-NMR Bl peak =% %
O2U2 | O3U3 | O4U4 05 us 06 U6 u7 us
2.5 52 1.6 1.2 1.36 0.9 2.0 5.7 4.9
us CH,
| B o
07 e ]
| o
us CH, 05 CHy
tH
us (C‘Hz)a CB(‘G'% B (aH,
| T RS
(R VAP L O A L S
u1 u2 us a @ ot} u w

PHU % i

1_GPC i#| %_PHOU 4 +
BRI E R 5 -488C
57.1°C : #¥

3-5-3 14 Nonanoic acid % &R # % %

HEF- L7 Bt AT

PHOU 1M

£9258 ~F &AW N5 1.73-DSC B &7
5 8L% 335C » PHOU z i # 48 &
B RBERPHO 5> 2 ¥ 5 et iEae s 7

- PHU z
5-46.3C > 3 A

iﬁg ’Tg£ Tmfiﬁfﬁ °

» VZF @ % nonanoic acid ¥ 1FRLIRPE > ¥ F] 7
f pl4&2_ PHHN (Poly(3-hydroxyheptanoate-co-3-hydroxynonanoate)) +

E B L o



%7  PHHN 2 °C-NMR Bl:# pesk =% # (Grosset al., 1989)
PHH-C-NMR(ppm)
169.38 39.11 70.82 | 3349 | 2714 | 22.40]13.89
PHN-C-NMR(ppm)

169.4 | 39.10 | 70.84 | 33.81 | 25.01 | 29.0 | 31.69 | 22.56 | 14.04

414C » %% BB EBEL L 4T5C% 5421°C -

S GPCRl%  HAIBYL 235 A3 84~ HX178; 4 DSCEFHE Tge::

10'5)4 10‘92

(@]
T T

C—aH—CH C—GH—H—0

PHNH 5]

o

A S }p%
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i/ oo pH 1 o2
2 i —-&--CDW(gL) .
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N 01
0 & 0
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Culture time (hr)

B = 12 oliveoil 4ks f2 FH 2 £ & 5 PHA
K Y i

s i

| o
10 B5 B0 s‘slrsa 45 40 A5 ap 2 20 1.5H_n:' a8 1o o
i ¥ ooHd W
i Bl 12 oliveoil 4414 22 % 14 32 /) BB~ 972
’ PHA 'H-NMR [l 3#
: [ Hi |
J AN :
T‘D ll‘ﬁ 80 45 1‘0 as 3:0 DjS 00 ppm‘
H
Bz 2 olive oil Al gpEs %15 38 ) PR oTiF 2
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f | | 1
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DSC % +7 8]
06
04
02
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202}
304
w
ks -06
T -08
_1 |
-12 -
-14
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Exo Up Temperature (°C)
B~ ooliveoil &3 p¥s % & 38 /) PFB-fR #7(8
2. DSC %~ #7 B
04 r
02 r
O |-
D2t
=
>-04 I
S
L -06 [
8
208t
R
-12 -
-14
-50 0 50 100 150 200 250
Exo Up Tenmperature (°C)
B4 2 olive oil @l FpsE i 44 ) PR AT 2
DSC % +7 Bl
12 0.6
<--@---pH —-&--CDW(gL) —-a—- PHA(gL)
10 -* Jos
8t % Ho4
2 2
(=]
E26r 403%
8 £
4 + / 4 02
,’. /
2t [ 101
I
0 L—&— 0
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Culture time (hr)
B+ soybean oil 4#L4F px2 FAE 2 £ o M PHA
B

IRERAEAEE4RE MRERaR 20E

L _M A

70 eX B0 55 B0 48 <0 a8 3

||,| & F[: ze le-llwil as ui:: ppm
B - 2 soybean oil 4415 ¥ 4 15 28 | PEB R 4T
# 2. PHA'H-NMR ®:#
i LEEE I 0

[

70 65 B0 55 50 45 40 35 30 25 20 15 10 45 00 pom
i

Bl = 12 soybean oil 445 p2as & 5 34 ] pEB-fR 0T
# 2. PHA'H-NMR ml %
i EHEE LT TR ]

[

76 65 B0

&5 Iilil 45 40 as
ke

M- = 12 soybean oil 45 fEss & 15 38 ) BT
2. PHA'H-NMR ®:#
02
O |-
-02

\
)

Heat Flow (W/g
S o6 o
[ec] (2} »

T

1k
-12
-14
-50 0 50 100 150 200 250
ExoUp Temperature (oC)
Bl 2z 2 soybean oil 4L AR & {8 28 0] PFB-{R AT

1?2 DSC 4 17 Bl
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g L[
I
-15 - - / |
L
-2 f 1
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