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by Fed-batch Cultivation of Methylobacterium sp. GL-10
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ABSTRACT

The production of poly-S-hydroxybutyrate(PHB) from methanol by batch and fed-batch
cultivations of Methylobacterium sp. GL-10 was studied. PHB accumulation was stimulated by
the nutrients deficiency including, NH,', 80,%, and K'. The nitrogen deficiency was the most
critical factor for PHB accumulation, In batch cultivation, the maximum cell concentration and
PHB content were 1.86g /1 and (.62g /1, respectively, with 1.0%(v / v) of methanol and 0.5g /1
of ammonium sulfate, The mass doubling time of Methylobacterium sp, GL-10 was in the range
of 4—5 hrs, The cell growth and PHB accumulation were severely inhibited at the methanol
concentration over than 2% (v /v). To overcome methanol inhibition, constant feeding and
intermittent feeding fed-batch cultivations were adopted, using C /N molar ratio as a control
factor. In constant feeding fed-batch process, cell concentration was increased upto 2.67g /1, and
PHB yield was enhanced from 0.33 of batch culture to (1.53. The relatively low cell concentra-
tion was caused by methanol accumulated in culture broth at late growth phase. To prevent
methanol accumulation and to maximize PHB production, DO-stat intermittent fed-batch
cultivation was attempted. The cell and PHB concentration was reached upto 4.55g/1 and
1.8()g/1,\respectively.'lt was possible to maintain methanol concentration low and also to feed
nutrient of desired C/ N molar ratio,
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Fig. 1. Schematic diagram of system for batch
or fed-batch cultivation
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Constant feeding fed-batch cultivation
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Fig. 2. Time course of batch cultivation of
Methylobacterium sp. GL-10 at methanol
concentration of 1.0%(v/v) and initial
(NH,),SO, concentration of 1.08 / I
(O, cell: [], PHB; v, (NH,),S0,: A,
Methanol: ---, DO).
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Table 1. Effect of nutrients deficiency on cell gro-
wth and PHB production of Methylobacte-
rium sp. GL-10

Deficient Cell Conc.* PHB PHB Yield
Nutrient (g/1) (8/1) (Yox)
NH,' 2.13 0.65 0.31
SOF 2.02 0.46 0.23
Mg* 2.51 0.46 0.18
K' 219 0.52 0.24
POS 2.15 0.35 0.16
Na” 2.28 041 0.18
Fe* 247 0.44 0.18
Control 2.62 041 0.16

“Initial concentration of resuspended cells in PHB accumu-
lation stage was 1.428 / I, and the cultivation was carried
out at 250ml flask (100ml of working volume) for 48 hours,
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Fig. 3. Effect of imposition of oxygen limitation
on batch cultivation of Methylobacterium
sp. GL-10( 0, cell; ], PHB: ---, DO).
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Fig. 4. Time course of batch cultivation of
Methylobacterium sp. GL-10 with different
feeding concentrations of initial amm-
onium sulfate. The initial concentrations
of ammonium sulfate were 1.0(0), 0
5(C1), 0.25(~) and 0.13(v) g/ 1.
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Constant feeding fed-batch cultivation

Table 2. Effect of initial nitrogen concentration on the cell growth and PHB production of Methylobact-

erium sp. GL-10

(NH,),S0, Cell Conc. PHB Cell Yield” PHB Yield

(/1) (8/1) (8/1) (Yxs) (Ypx)
013 0.64 0.24 0.08 0.38
025 1.25 0.61 0.16 0.49
0.50 1.66 0.62 0.21 0.37
0.75 1.75 047 0.22 0.27
1.00 1.82 037 0.23 0.20
150 162 0.28 0.21 0.17
2.00 1.52 0.23 0.19 0.15

* Cell vield based on added 1.0% (v / v) of methanol.
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Table 3. Effect of concentrations of phosphate, potassium and sodium ions on cell growth and PHB

production of Methylobacterium sp. GL-10

Nutrients Conc. Cell Mass PHB PHB Yield
(8/1) (8/1) (Yox)
H;PO, 5 0.37 0.09 0.24
(mM) 10 0.82 0.31 0.38
15 1.31 (.66 0.50
20 1.76 0.79 0.45
40 1.82 0.67 0.37
KCl 0.0 1.70 0.78 0.46
(g/ 1) 0.2 L.72 0.88 0.51
04 1.73 0.86 0.50
0.6 1.78 0.86 0.48
NaCl 0.0 1.67 0.62 0.37
(8/1) 05 1.69 0.68 0.40
1.0 1.75 0.67 0.38
2.0 1.80 0.74 041
20 251
16 /O\ —0.50 ™~ -~
— %0 —
- 3 3 3
w 121 z g x
= © S s
g £, = 2,
S 081 40.25 = ~ =
04 3
0 I 1 I 0 ) ] ]
0 1.0 2.0 3.0 40 0 3 16 24 32 40 48

Methanol concentration (%, v/ v)

Fig. 5. Effect of methanol concentration on
the cell growth and yield (O, cell: [,
cell yield).
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Fig. 6. Time course of constant feeding fed-
batch cultivation of Methylobacterium
sp. GL-10. The fermentation was carried
out in a 5/ jar fermentor with initial
volume of 2.0/ and then continuous
feeding of a fixed rate of 1.0ml/min
(0, cell; [, PHB: v, (NH,),SO,).
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Fig. 7. Time course of constant feeding fed-
batch cultivation of Methylobacterium
sp. GL-10 with different feeding conc-
entrations of ammonium sulfate in
feeding nutrient solution. The feeding
concentrations of ammonium sulfate
were 2.0 (O), 1.0([ 1), and 0.5(2)&/1.
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Fig. 8. Time course of DO-stat intermittent
feeding fed-batch cultivation of Meth-
ylobacterium sp. GL-10 (C, cell; [],
PHB: v, (NH,),S0,: ----, DO).



42

,
e

2258 / 1931, PHBY: A 29 oF 54%91 1.21
17} A5t e vk $70o: a9l
1o 5 gtAl9] AFo] vv3dct

A A K3 T bo] PHBS] %% °, 11417171 $1ato

¥
R
¥

o
g/
23 3]

(=S

ikl A 2] ammoniuan sulfate F 55 e SHE AL w4
2.0
=~ 15
~
210
e
= 05
0
50F
~
B0
3 S
E
E

Culdivation time (hrs)

Fig. 9. Time course of DO-stat intermittent
feeding fed-batch cultivation of Meth-
ylobacterium sp. GL-10 with different
feeding concentrations of ammonium
sulfate in nutrient solution. The feeding
concentrations of ammonium sulfate
were 0.5(0), 0.25((1),and 0.13(A) g /1.

Korean J. Biotechnol. Bioeng.

g Avh= Fig 93 vk Hvbsesh 058 / TS H

Hof A &Sl 4558 / la— AL 4 d%lal, PHB #3
gro. 1618/ {4t %3 ammonium sulfate FEE 0
258/ 1 i—w-s}%i-‘l uﬁb« 1.808 / 1 ¢ PHB7} %35
et e FAAFRFG] Y PHB 8 FEEF
0138 /1 ,17}12113: wﬂ 0498 b4 S48t o

A9 wisk= WA el A C/N molar ratios> 30—6
0o 9w |3}t 99 Ay 3EAo|U constant
feeding fed-batch B Wb G2l Wi gs Uﬂ?l'Q o] &HlE
01 ZA) o] z%x] ]o\ KX U;H u“}:}_QAOA / 4 i
S A% 24 Phbl 34 BN
Ho 3tk

Table 4% $Jol A A& constant feeding fed-batch &b
intermittent feeding fed-batch Hl oA AL AupE £3
Ark F At gady a4 FaE C/N
molar ratio2 3HAtate 7@ HpgaAlel] whit A g
PHB %2, 7121 PHB +&& wlasdu),
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Aadol st ghdE JEAR e wWEF 45
constant feeding fed-batch 9] YH Th= intermittent feeding
fed-batch B Qo] wjkzz1e] o] fold Byt ohz}
#AE} Eo] PHBY EHFS

o=
Pl e sele 4+ Atk

A

2 0] 1=
P .

F/HE 5

2 o

Table 4. Comparison of performance of constant and intermittent feeding fed-batch cultivation of Met-

hylobacterium sp. GL-10

Feeding C /N Molar Cell Mass PHB PHB Yield
Mode Ratio (g/1) (8/ 1) (Yox)
Constant 245 2.67 0.94 0.35
489 247 1.20 0.49
979 2.11 L11 0.53
[ntermittent 16.3 4.55 161 0.35
32.6 4.24 1.80 0.42
62.7 3.58 1.74 0.49
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