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Microbial Production of Copolyester from Formic Acid

Nobuhiro FUKUTOME®, Noriaki OINUMA®*, Hideyuki NAGASHIMA*®*, Mitsugi IIDA*

Formate-assimilating Paracoccus sp. strain 12A accumulated polyester by using formic acid
as a sole carbon source without the intentional nitrogen-source limitation and restriction of
air supply. The polyester produced was identified as a copolyester of P (3HB-co-5mol % 3HV)
by ‘H and ®*C NMR analysis. The molecular weight of copolyester was determined to be 6.4
X 10° by GPC and its maximum content was 60% of dry cell weight. The strain could not
assimilate 2-hydroxyctanoic acid (2HO). By the incubation of formic acid-grown cells in the
presence of 2HO for 24hr and 48hr at 30C, however, 3HV content in P (3HB-co-3HV)
increased to 20% and 41 %, respectively, under nitrogen-deficent conditions. The molecular
weight of these copolyester were 3.7 X 10° and 7.4 X 10°, respectively. The copolyester contents
of respective cells were 18.4 % and 21.3% of dry cell weight. Further, the presence of many
copolyester granules was observed in formic acid-grown cells by transmission electron
microscopy.

Keywords . Formate- assimilating bacteria, Paracoccus sp. 12A, Copolyester, 3-Hydroxybuty-
rate (3HB), 3-Hydroxyvalerate (3HV), P (3HB-co-5 mole % 3HV), Formic acid
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Fig 1 Time course of growth and polymer pro-
duction in Paracoccus sp. 12A under a
sole carbon and energy source of formic
acid.

The growth was evaluated by measuring
the absorbance at 660nm and polymer
production was determined by the meth-
od of Brauuegg et al. (references 8).
@, growth ; O, polyester production.
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LESINS POL DA F IWLED GC AR
7 b3 4 (Fig. 2) 3220¥—-2, ¥—=71
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E3HVLDE—E L7,
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FUNEOEHMMHY —-2 (m/ 2103 [CH;
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Fig. 2 Gas chromatographic profile of the
methanolysated polyester (PCL) pro-
duced from formic acid-grown cells
of Paracoccus sp. 12A.

Peak 1, 3HB methyl ester ; Peak 2,
3HV methyl ester; Peak 3, benzoic

acid methyl ester, as internal stand-
ard.

/2117, m/ 2131 &2 Y, #E-> THTFEIZZ
NENLLS, 132LESH, FNODT T
A M8y — 3RO 3HB L 3HV DfE L
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(C.). 40.9 (C). 67.7 (Cs). 72.0 (C5) & 169.
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¥r—2R¥E Ay 7Sy 73, EBELLEWP
(3HB-co-30mol % 3HV) D™ '? L4z
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OB ILIE, 1.27ppm D " EHCH; — 7 b
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Fig. 3 The structure of P (3HB-co-3HV) cop-
olyester synthesized from formic acid by
Paracoccus sp.12A grown on formic acid
medium.

Number in figure indicates the carbon
number in the copolyester.
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Hydroxy fatty acids (x 10™* mo!)
- )
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Fig. 4 Effect of 2-hydroxyoctanic acid (2HO)
on the 3HV content in the copolyester
synthesized by Paracoccus sp.12A.
Formic acid-grown cells were incubated
at 30°C on a rotary shaker under the
nitrogen deficient medium containing
2HO. After methanolysis of the copoly-
ester, sach 3-hyroxylated fatty acid
methyl ester was analyzed by GC.

O, 2HO ; @, 3HB ; [, 3HV.
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% 3HV), P (3HB-co-41mol % 3HV) &kt
EINT,

PlEO#ERIT. RBHRIC L Y 2HON @ —
Bibx%1I T, EHLion-~7¥% VB (G2

— 149 —



AZX@#FR5#E Vol.6 No.3 (1997)

Fig. 5 Micrographs of formic acid-grown cells of Paracoccus sp-12A.
a, phase contrast micrograph of cells containing polyester granules ; b~d, transmission
electron micrographs of cells containing polyester electron opaque granules ; b, small
granules ; ¢, middle size granucles ; d, large size granules. Bars in a and b (common
with ¢ and d) are 2 zm and 0.2 z m, respectively.
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