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Isolation and Characteristics of Polyhydroxyalkanoates Producing Pseudomonas sp. MBEL21. Choi,
Jong-il', Seung Hwan Lee', and Sang Yup Lee'?*. "Metabolic and Biomolecular Fngineering National
Research Laboratory, Department of Chemical & Biomolecular Engineering and BioProcess Engineering Research
Center, Korea Advanced Institute of Science and Technology, Department of BioSystems and Bioinformatics
Research Center, Korea Advanced Institute of Science and Technology, 373-1 Kusong-dong, Yusong-gu, Taejon
305-701, South Korea —~ Pseudomonas sp. MBEL21 was newly isolated from soil samples and found to accumu-
late medium-chain-length polyhydroxyalkanoates (MCL-PHAS) using oleic acid as a sole carbon source. Among
the various nutrient limiting conditions examined, including nitrogen, sulfur and phosphorus, only phosphorus limi-
tation supported the accumulation of MCL-PHAS up to 15 wt% of dry cell weight in flask cultures. MCL-PHAs
produced by Pseudomonas sp. MBEL21 was mainly composed of 3-hydroxyhexanoate, 3-hydroxyoctanoate, 3-
hydroxydecanoate, 3-hydroxydodecanoate and 3-hydroxy-5-cis-tetradecenoate. Fed-batch culture of Pseudomonas
sp. MBEL21 by novel feeding strategies based on cell growth characteristics was carried out under phosphorus lim-
1tation using oleic acid as a sole carbon source. The final cell concentration and PHA content of 82 g/L and 28 wt%,
respectively, were obtained. Furthermore, PHA consisted of MCL-hydroxyalkanoates and 3-hydroxybutyrate could

be produced using olive oil as a sole carbon source.
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Polyhydroxyalkanoates (PHAs)= Z}&<] etis] EAls}ol
N, P, S, O, Mg#} 22 B oJ ko] Algke = 27l A
S-S 9]3le] MFEUe]] FAE|eIA)= AES|A polyester
FZ22] 38} EA-o|t}[4, 11, 12, 21]. Bacillus megaterium
oA 2822 poly(3-hydroxybutyrate) [P(3HB)]7} 275
o] 316], HA7HAl & st} Akt R)-AH7)E 2
= AR o]Fei7 PHAEC) 150 5 o] RIl=Y §)
oH22].

ol2j3t PHAY FAIE ol F2 ol gl ujebd =
A 248 2F o= relAlv12]. whaAke] 47t 3-570
£ zt= ohebd| 2 o] F097 short-chain-length PHAs(SCL-
PHAs)9} stf1A}e] 7} 6-145 28 "Rk 2 o] Foial
medium-chain-length PHAs(MCL-PHAs) 2 o] 2}, o]
)3} SCL-PHAs®} MCL-PHAs:= ul-$- o8 184 AL
& 7}X)a1 ¢jr}. SCL-PHAs7F 2 AA3k=9) 7j=]7]
a1, whaksl A ES 7))L 9J 01} MCL-PHAs: W2 2
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MCL-PHA= Pseudomonas oleovorans(8, 13, 18, 19],
Pseudomonas putida[5, 7, 9, 14], L8] 2 ©}& fluorescent
Pseudomonas T [23]1% °l&3} glucose, falty acids,
oils, alkanes, alkanoic acids 52 et o2 AR83le] A}
oz ok, ey, w2 A3 PHA & wtol MCL-
PHA®| 3-§ Fofzo| 7= e] YA R3jet.

PHAS| 545 3PdA717] $13ted, Akt A4, &, vl
&, A 5 2L RS Akl ARES Y wild-
tpye T20] okl dubd oz Hgajdet. wat o]xle 1
E4& PHA AAbel] A3t A725¥, PHA FE9 AL
oFoFE Algk A)7)ell jEde 7ol deFlEH14, 20]. PHA
AL 7HE FE7) ste] A71e) iAo A{2] PHA
AAbel] A8 AT o] FoF T3, 5]

E QA7 Bokez e AFA Feg MCL-PHA
M AFSF Pseudomonas sp. MBEL21& o]-&3}le] MCL-
PHA®] &&%<l AL w3P3lodet. =3t st ez =7}
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Eokst 2] AJEE 10704 10°4) A7 F 10gL
oleic acids\t 10 g/ olive oilE 0.2 g/ polyoxyethylene
20 cetyl ether (Sigma Co., St. Louis, MO, USA)¢} &7
2% (w/v) agar MR 33 wjA]ol] Zxbsled 30°CellA 1-7¢
wekstsdet. J wiAlel vebd colonySS PHA R4t 5
HE AP At AgHez Fesiadot

ALZHHX|

Luria-Bertani(LB) ¥iA|¢} T wi=]e]l MR wiRIE AR5}
2 A Eekazm wioks it R wiokellMe At
o] Algke MRP¥IAIE AH8-319dth. MR wiA|o] 2432 ohg+
2} 6.67g KHPO,, 4g (NH,),HPO,, 0.8 g MgSO,7H,0,
0.8 g citric acid, Z®] 32 5 mL trace metal solutionS- ¥ ] 1
Lol 599t A3 trace metal solution?] 342 5M HCI
1Ll 10g FeSO47H,0, 2 g CaCly, 22 g ZnSO47H,0, 0.5 g
MnSO#4H,0, 1g CuSO45H,0, 0.1 g (NHy)eMo70,44H,0, L
2] 3 0.02 g Na,B,0710H,02 o] F-o1 5 o}, elAke] Ajghz
MRP HlX(pH 6.5)9] AL liter ¥ w23 2} 4¢g
KH,PO4, 4g (NH4,HPO,, 0.8g MgSO,7H,O, 0.8¢g citric
acid, 772)32 S mL trace metal solution ©]v}.

2 £ E2tA3 ek

LB uiRlell A 30°C, 250 rpmellA] 24 A)7F vk 5 A
E AERIE o83l Fgsisdet. e TA| pellet>
10 g/L oleic acid’} H7F MR Wi} == 7} ofokio] A
AR AR ATH10]. o] F 2 AR 30°C, 250 rpmell A
48 A7 &<t wieFslsict.

Pseudomonas sp. MBEL212| /714 it

5 ¥ 10 /L9 oleic aicd’} F7HE 100 mL MR
vl Z]ell A 30°C, 250 rpmol| A4 24 A7 ekt F7HA
wjoke- 6.6 L =27]2] jar REE7]Bioflo 3000, New Brunswick
Scientific Co., Edison, NJ, USA)l|A $38s}ie}. =7] v
2] 10 g/L oleic acid7F A7 2.0 L8] <lAbe] At
MRP #AE AF&3tdch wix] e} pHE 28%(v/v)
NH,OHZ A5-22 A gke 2 pH 6.52 24390} 4
& AbL FEDOCYE 2ut £5=F Hof 1000 pme 2 ¥
o|AY B o3 Aol o5 ARLE 7RI 30% E3E

E A 35 MAZE €58 oleic acide} 80 g/
Lo MgSO47H,0 £-4-& AME-slsdet. #pAgh wiof ek
A g 23§l 7]&3e).

24 4y
A A 600 nmell A F-3=(0Dgge; DU Series 600

Spectrophotometer, Beckman, Fullerton, CA, USAYE &4
Fozm Slskiel. FHES 245p) Well wlA) el
olgl:= fatty acidE AAs7] $13ke] hexane®ZE 2 W A%
3oL AAleR oA Aok A dA AFHDCW)H
B A A (WCW)YE 8 mL2] HijekelS 28,000 x g2 30
2 A Relst 3 2Asldct 4 pellet> hexanel 2. F
W AHE F A SZ M AL faity acidE 23] A7
sRict. 2E) A, pellete] AE A8t WCWE 2
Aslsdet. FA F=E wiekd e liter 7 DCWE A2 H3A
on, ool Rl H(1012% 2E FAe] AE =
sl ZAA 3} Th PHAS 5+ fused silica capillary
column(Supelco SPB™-5, 30 mx 0.32mm, ID 0.25um
film, Bellefonte, PA, USA)°] A} 2%l gas chromatography
(Donam Co., Seoul, Korea)E °| &3l ZHA sl on,
benzoic acidZ internal standard® A}-8-3}91¢}H[2]. PHA
standardi= o] Alel| BEl ube| ulel o) FEel of3}e]
ol ekl el PHAS shefAlo] =42 PC ¢ 'H nuclear
spectroscopy(AMX 500,  Bruker,
Germany) 3} gas chromatography(Donam Co., Seoul, Korea)
£ o]83}ed AA3)9ITh NMR A8 CDClell 43413l
Ao A FERCM)= A $5o04 PHA s55 W gt
22 Aeldgdtt. PHA T (wi%)s 4 5ol gt PHA
o = HEE=2 Aoyt Jake] FEE ion
chromatography(Waters 432, Milford, MA, USA)E- o]&-3}
o] KH,PO.E standardZ o]-8-3le] A3}

magnetic  resonance
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oA FEe] ofg] AdolA] dolzl Eoka 21 AlRofA
oleic acidE =t4YU° 2 MCL-PHAsES AAksl= o8 75
58 FEEigic). o F vk, A2 o2 4 7] MCL-PHA
A FFEL HFH o2 Heslglon SAE A7l
o}, o] & FolM MY FFE2 IR] &) MCL-PHAS
F23913L, A g Fte] vleke] MCL-PHAS 4
atod}. o] FF2] A|upAke] MIDI 24 AZHMIDI 24,
Microbial 1D, Inc., Newark, DE, USA)= Pseudomonas %5
7 99% ool YA E Rol= 7102 BIs|glon, ujelr
Pseudomonas sp. MBEL212 v 3s}si v}, Pseudomonas
sp. MBEL21& o448+ #49] PHA A 271& 7] 418}
of Ak, 3 Ak} 22 o oFEo] g 27 wjok
Age FYsH. #2922 oleic acid Y} dodecanoic
acidg® AHE-3191et. Table 19 Zeka= wioke] AE Qof
slod et Fekaz wjokol|r] of ko] ARER] oF
< MR¥jR|NME 4.0 L] 4] F=7) Az 814
Tk, o8] of ok AR 2AIML #A TR o Alg
o] ¢ ASNTE ygkth AA, AL, 3o Alste] 7zt




Table 1. Effects of nutrient limitation on the production of PHA
by Pseudomonas sp. MBEL21 using oleic acid as carbon source
(10 g/L. of oleic acid, 48 h incubation in nutrient limited MR

medium at 30°C).

Limitation DCW (g/L) PHA content (%)
No limitaition 4 Trace®
Nitrogen 1.6 Trace
Phosphorus 2.7 15.3%
Sulfur 2.1 Trace

*Trace means that PHA content is lower than 1 wt%.

AaselA S W, A == 1.6gL, 2.7 gL, 2.1 g7t Z+
7} dojgiot. Aane) 3o AlStEAFE Wells 1 wi%ell X
u] X PHA ko] dejxic). slAul, oJabe] Algtd =71
o A= 15 wi%7FA] PHA §reko] Z1sleirt. oligt A}
S35 PHAE B2 o= 43| Sl At Al
3 Ao ol eokie] AjH T ol AL el
st

Pseudomonas sp. MBEL212] ®7A] Hik

Lok wioke] A2 e, %= MCL-PHAS 4
7] 918§ wickS 38Tk Pseudomonas sp.
MBEL212] ZetAz wiek 220] P putidast S-AFHA 7]
w)5ol], ol Hell BTH P putida®] |71 woFS Sl )
il 714 5 ARRE 8315 14]. SRR, wiokel o]
9] pHe} '] 37bel] whE DOCS} pHE| bS] P
putida®}= SF2A Jelgdel 227] w7l Pseudomonas
sp. MBEL21Z $18+ A 2% 71" 35 ko] B aslgdct

PHA £3-2 913 Ao 2712 Ak Agted vyt
7] W Fol|, 4 g/ KH,PO7} 50130 MRP wjA| S A48}
of §714 wieke a1 Ald A3 32°] pHE 65
2 g 74 w57 28 A5 (DCW < 20 gLyl =
oleic acid®] 17l )sliA] DOCe} pHZ}F ¥4 9471 o)
Zoll, o] A5 oA RS o83l o= gAaYUs
7¥sle] Feivt. #A A2 WCWE o] §3l] SA43192
™, WCW k2 DCW 3] 69l & 7FAo}. Oleic acid®] 4>
&2 A% A7 0.6g DCW/g oleic acid® vebsiet. o]
g oleic acidell W8t TA TEE ©]§3}4, 10 g/L oleic
acid?} 10 mL MgSO,7H,0 £H& WCW7} 30¢g/L<}
50 /LY = H7ietde

DCW7} 20 g/Lell =28 79l pHe} DOC®] oleic
acid®] 327l WkE3lAv}. 1A, o] ©AlelA] oleic acid®]
37| WfsiA pHZL v R1ZksHAl WkEsl] witel], DCWe
F57F 70 g/LE $7Hs wi7hA] pH-stat 7] d 5 A<
A-g3tdet. pH7F AR ZhpH 653w 0.03 S718 = v
A WellA2] oleic acid®} MgSO,7H,0 =7} 7+ 10 g/L
s} 02 g7t HEF ATH R A7
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MRP 7|l M= glate] AgEA7] Wi, €A 5=
7} & HA(DCW > 70 g/L)ell & pHE] W37} vl £t
AstAet. 8R4k, o] Gl E DOCe] oleic acid®] I
Zol| webr] 3438 st 237 wiel ¥A =
7} 70 g/L ool A= pH-stat®] 71A g5 #H4je] DO-
stat>. 2 vl 9lvh. DOCe] 40% E3} s =(AA )
10% A7k 2 o, oleic acid?} MgSO,7H,0% wi x|
9] w5} 247t 10 gL} 0.2 gV} HEF AFEHoR A
7} St

Pseudomonas sp. MBEL212] 712 wjofol|A] A]7te]] w)
E2 74 =%, PHA £%, PHA 38, %] #4 ¥, Ak
X 52 Fig. 19 VeRisiT. 41 A17Ee) wiek o] F Qe
7l #F oA X, PHA 39, PHA 55% 47 82¢/L,
28.1 wt%, 23 g/L vt A = wioF 30 A|7F $oll 90
oL o] sl o, o] F2 BHE oAt 1A ok
Z71e] o]FeiF}. JAF 317 ¥ PHA =} RCME:= 12.8
wt%<2} 80 g/L oA 28.1 wt%e}t 49 g/L2 WHalgd). o]2gt
AT Akl Al 2sle] PHAS) 4] Z7hskg
B, AARS AE BHE FA] $ste] WA olehs A}
Ag B85} Fig 29045 $714] wiok 521e) PHA o
Ao MBS e eabel 11257] Holle 3-
hydroxydecanoate®] &2 7+A3}9] 2| 3-hydroxyoctanoate
8} 3-hydroxyhexanoate®] ¥-&5-2 Z7lslict 8}Ag, 3-
hydroxydodecanoate(C)}  3-hydroxy-5-cis-tetradecenoate(C
e Qlake] EAlehs 276X PHA wHkA| 2= &4
skx] eokeh. o] & F 3-hydroxyalkanoatem-2 QlAke] izt
g o] Fel PHAR F8=Eeh. PHAWS Cp9t €yl ¥
&2 HEH o2 74 11 mol%st 164 mol%® F71sisieh
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= 719 dAF . olg A QlAbe] 1o B-
oxidation 22| Z1Aeflolsle] C 09} Ciyy DA THE
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Fig. 1. Time profiles of cell concentration, residual cell concen-

tration, PHA concentration, phosphate concentration and PHA

content during fed-batch cultivation of Pseudomonas sp.

MBEL21.
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Fig. 2. The change of molar fraction of 3-hydroxyalkanoates in
PHA during fed-batch culture of Pseudomonas sp. MBEL21.

Table 2. Molar fraction of 3-hydroxyalkanoates in PHA pro-
duced by Pseudomonas sp. MBEL21 using olive oil as carbon
source (10 g/L of olive oil, 48 h incubation in phosphorus limited

MR medium at 30°C).

Monomer Cs Cs Cs Cio Crp Cuu
Molar fraction
(mol%) 8.2 13.3 585 14 3 3

C4, 3-hydroxybutyrate; Cg, 3-hydroxyhexanoate; Cg, 3-hydroxyoc-
tanoate; Cg, 3-hydroxydecanoate; Ci,, 3-hydroxydodecanoate; Ci4.1,
3-hydroxy-5-cis-tetradecenoate.

Olive cil2 FE{2| PHA At

AMEA 2219 Pseudomonas sp. MBEL21¥: olive oilo]
A ARstE AeE Jelge P oputidat s ©FEA
Pseudomonas sp. MBEL21%= olive oil & #3 A2 5 9l=
lipaseZ EH|A|71= 7oz o&He} gelbA A7) olive oil
27¥] MCL-PHAS AJAksE7] 13 Eekaz vk AES
sasl9it. el 'Y 0 2 olive oil o]-&3t 2 A miek
oA QAkE AZEAE A 15 gL T w59 9.3 wt%
9] PHA o] deizivt =7, Holal PHACA 3-
hydroxybutyrate(C4}S 2218l ct. Oleic acids &40 o2
AR 79l W] ¢, DEAE dHAEL, olive oils
AR 74-5olle 82 mol%®] Cq HAIE 7HAAL 9li= PHA
Z Ak} o133t ¢, ©3kAl9} MCL-hydroxyalkanoate
2 o]Foizl PHAE AAksh= o8] g5 d=4 U,
10, 15]. C42} MCL-hydroxyalkanoateS<] copolymerS- ©|F
3 g)EX), ol poly(3-hydroxybutyrate)2} MCL-PHAZ}
blendE °]FL AEAE I AT Z& Fol 4.

2 o

EoFo 2 HE oleic acidE A FE o] 43l MCL-

PHA®] AAFge] 533 755 £el3le] Pseudomonas sp.
MBEL21°] g} w39}, Pseudomonas sp. MBEL21<]
PHA S 371217171 $13ted of ] 71A] g ojokie
Azt 273 A wfoFet A, qlake] A|skd 2ANA 74
B $¥e] PHAE 5334 5o} MCL-PHA 34k
< 138t Pseudomonas sp. MBEL212] 714 s} A2ks
Naksted 28.1 wi%] ke 2 23 g/ MCL-PHAS A4k
sl o). w3k ®el® Pseudomonas sp. MBEL21-S olive
oite ®A2 0= o]-g3led wigt A2 9.3 wi%2| PHA}
A4 o]3 21 MCL-hydroxyalkanoate$} &7 3-hydroxy-
butyrate®] FHFAEZ. o]F017] PHAZ} ElF ez} o]
3t Ax52 ¥ A Pseudomonas sp. MBEL21°] #
7F] olive oil2HE AEs|Ad sHdA 2] S8FokE Fe
MCL-PHAE &322 Ak 4 lope S HefFrt.

#HAte 2

o] A7 AF7eF F/HAAHATA A= BK21
program®] Q78] Ao ste] pAHGon, ool ZA}
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