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Poly- 5-Hydroxybutyrate Produced by Pink-Pigmented Facultative
Methylotrophic Bacterium from Methanol

Song, Mi-Yeon, Ho-Jae Lee and Yong-Hyun Lee*

Department of Genetic Engineering, College of Natural Sciences
Kyungpook National University, Taegu 702-701, Korea

For poly- 8 -hydroxybutyrate (PHB) production, a pink-pigmented facultative methylotrophic bac-
terium (PPFM) P-10 was newly isolated from soils through methanol-enrichment culture. The optimal
medium composition for cell growth was 1.0% (v/v) of methanol as carbon source and 1.0g/I of NH,Cl,
equivalent to C/N ratio of 13.2 at pH 7.0 and 30°C. To investigate the optimal condition for PHB ac-
cumulation, two-stage culture technique was adopted; first stage for cell growth and second stage for
accumulation of PHB providing unbalanced growth eonditions. The optimal PHB accumulation was 1.0%
(v/v) of methanel and 0.26g/l of NH,Cl, C/N of 50.8 at pH 6.0. To overcome methanel inhibition on cell
growth, intermittent feeding fed-batch culture technique was employed, and the cell concentration as
high as 14g/l with 40% of PHB was achieved. The purified PHB was identified using IR and !H NMR
as homopolymer of 3-hydroxybutyric acid. The absorption spectrum of extracted pink colored microbial

pigment was also investigated.
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Fig. 1. Phase-contrast and electron microscopy of
PPFM P-10 containing PHB granules.

(A) Phase-contrast light micrograph (x1,000).

(B) Thin-section transmission electron micrograph (x 12,000).

DAEEEZ B ufx] W uib=A
HetE 559 Heb: skl o5k
Abol| 4] substrate inhibition & %27 7z} 8-S 24

geog HA dekge FrE 2AEE] &M FEE
01~6.0% (v/v)E 77 wrelspdd AA|h wfofsle] of
A sE ST AAT Fig 2ok A, A e F
7 1.0%(v/v), & 79g/19 o 7 =& FAeke
AdE F AUARL™ 2.0% (v/v)7HA = dAFA Al
o] glglot 4.0% (v/v) elAollAle T2 ”‘n“%"c’] Abed

|
5]

..’:"i,
ok

sl wbghet,

zb el g Fwo] bl cell vield (Y, 5 s 2y o
= E57F M5 cell yield 7t A AE 08 3h4s)
oh, et olgle Tt 03% (v/v)E 236k %
S woll= 0.3 o]A4e] cell yield & 9% ¢ Yorg wt
Fxuloll 4 fed-batch ®lokA] wijofode] velzo} Fx &
0.3%(v/v) olstz z=H3te] g d oo},

o 32 T



276

Table 1. Morphological and biochemical characteristics
of igolated methylotrophic microorganism

Morphological characteristics

Cell shape Rods
Cell size 0.45pmx1.5-2.0um
Motility Nonmotile

Colony shape Convex, glistening
Gram staining —
Spore staining -
Biochemical characteristics
Relation to oxygen Obligate aerobe
Oxidase test +
Catalase test +
Gelatin liquefaction —
Starch hydrolysis -
PHB accumulation +
Pigmentation + (pink)
Utilization of organic compounds

(Glucose, Fructose, +
Ethanol, Succinate

Galactose, Sucrose, -
Maltose

Acetate, Propionate, ~
Butyrate, Citrate
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Fig. 2. The effect of methanol concentration on cell
growth; cultivated at optimal growth conditions for
60 hr.

Table 2. Effect of medium component deficiency on cell
mass and PHB production in second stage culture

Deficient Dry cell Accumulated PHB content
Nutrient  weight* (g/)) PHB (g/l) (%)
NH,+ 2.125 0.654 30.8
S0,42- 2.015 0.457 22.7
K+ 2.186 0.524 24.0
Mg2+ 2.514 0.464 18.5
PO,2- 2.146 0.3560 16.3
Na+ 2,280 0.406 18.0
Fe2+ 2.469 0.438 20.2
Control 2.624 0.412 15.7

*Initial concentration of resuspended cells in first stage
was 1,424¢g/l and the cultures were carried out in 250 m!
culture flask (100 m! of working volume) for 24 hours.
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Fig. 3. The effect of ammonium chloride concentration
or C/N molar ratio on the cell growth and PHB produc-
tion at the second stage.

The cell concentration of 1.0g/l grown in optimal condi-
tion at the first stage was subjected to PHB accumulation.

PHB &= 73] AzxZgke] 409 it

pH X 7|E} 20le] &k : pH 9] Wisfel| =& PHB =
A5 e Az fFAle Y&ole pH7.0A 7H
Zolor} PHBO| %22 vha 4kl pH60l4 4
g Aoz el sz olell &5t trace elements &
& PHB 9] &30l £ 93k 1] £,

TH2| W54

al g 2 owjokA] s AE F 12415 35 e
A7) 2 Eolr} gk AAbe] o] Folxla, 48417k o] %
Bk Zz| 7)ol Bolzict, 7| i ST
PHB & &Ao| wrokn, Ax]7|ql 48414k 3 PHB 7} #
Aoz ZrbElgivh(Fig.4)., 52 specific growth
rate = 0.22hr'& mass doubling time 2 3.2hr ©|3}

o}, w3 wE o] wiek4] DO WEE 2A4HF 2
ul g Zuby] ofjebge] ofel nZE[A DO level & +
48] Zrlsledom 2 DO level o W3hE wiglE-9f 7%
o Fale] AS A Heplle 2R 085

Fed-batch B &
e R e a 218 DO level £
control indicator 2 4k
= intermittent feeding fed-—batch cul ure & A2t
o} 27] 60417F Eeke DO level o] F7F wivict o
B} -2 3.45g/ NH.Cl0.5g//(C/N molar ratio 13.2) &
zolsly, pHE 7.00.8 £RAsl] TS FAHAIZH,
a & 6047 Fek

Lo ghgzRleow de] £ spectrumE

slgb2 3.45g//, NH,C10.13g/!

277

r L o, n
| EE| =

S s 5 17.0
LeTis ~ 14,
\=! B0
o ~ 100% 16.0
E 1.0 -Eo | §9 15.0
=z = =
g 05'% *3
s L 50 &
< A 2

O. . L A N 0 5 i

0 20 40 60 80 100
Time (hrs)

Fig. 4. Changes of cell density, the amount of PHB, dis-
solved oxygen, and pH during batch culture.

The culture was carried out in 2.5 ! jar fermentor at pH 7.0,
30°C, 1.0 vvm, and 300 rpm; methanol 1.0% (viv) and
NH,CI] 1.0g/l.
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Fig. 5. Changes of cell density and the amount of PHB
during intermittent feeding fed-batch culture.

The culture was carried out in 2.5 [ jar fermentor change C/N
molar ratio from 13.2 to 50.8 and pH from 7.0 to 6.0 at
30°C and 300 rpm. Arrows indicate the feeding of nutrient
by considering DO level.
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Fig. 6. Infra-red spectrum of PHB from PPFM P-10.
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Fig. 7. 2560-MHz 'H NMR spectrum of PHB from
PPFM P-10.
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Fig. 8. Scanning electron microscopy of extracted PHB
powder from PPFM P-10.
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Fig. 9. The absorption spectra of pink-pigment from
PPFM P-10.

Extracted pigment was dissolved with chloroform (A), pyri-
dine (B) and ethyl ether (C).
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