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Methylobacterium organophilum, a facultative methylotroph was cultivated on a methanol
as a sole carbon and energy source. The cell growth was affected by the various components of min-
imal synthetic medium and the medium composition was optimized with 0.5% (v/v) methanol at
pH 6.8 and at 30°C. The maximum specific growth rate of M. organophilum was achieved to
0.26 hr-! in the optimized medium which has following compesition: Methanol, 0.5% (v/v):
(NH,),S0,, 1.0 g/l: KH,PO,, 2.13 g/l : KH,PO,, 1.305 g/l: MgSO,TH,0, 0.45 g/l and trace el-
ements (CaCl,-2H,0, 3.3 mg: FeSO,-7TH,0, 1.3 mg: MnSO,-4H,0, 130 ,g: ZnSO,-5H,0, 40 . g:
Na,Mo00,-:2H,0, 40 xg: CoCl,-6H,0, 40 ~g: H;BO;, 30 ug per liter). By the limitation of nitrogen
and deficiency of Mn+2 or Fe+2, the cell growth was significantly repressed. Methanol greatly
repressed the cell growth and the complete inhibition was observed at concentration above 4% (v/v).
In order to overcome the methanol inhibition and to prevent the methanol limitation, intermittent
feeding of methanol was conducted by a D.O.-stat technique. PHB production by M. organophilum
was stimulated by deficiency of nutrients such as NH,+, SO,-2, Mg+2, K+, or PO,3 in the medium.
The maximum PHB content was obtained as 58% of dry cell weight under deficiency of potassium
ion in the optimized synthetic medium.

Poly- B -hydroxybutyric acid (PHB) is a linear
polymer of B-hydroxybutyrate and occurs in
refractile granules of various sizes within the cells of
various microorganisms (1). PHB was known as
carbon and energy-storage materials in the cells
which could be accumulated when nutrients other
than carbon source became limiting, and it is degrad-
ed when the nutrients are sufficient in the medium
(2). PHB can be produced from relatively cheaper
substrate such as methanol (3), carbon dioxide (4)
or ethazol (5). Some biotechnological, biochemical

and physiological studies on PHB biosynthesis have
been carried out. Recently, solid PHB is attracting
a great attention as a biodegradable thermoplastic
polyester with several properties similar to many con-
ventional synthetic plastics (6, 7). Although a few
paper and patent have been published (4, 8) on PHB
production by methylotrophs, little is known about
distribution of methylotrophs having ability of pro-
ducing PHB and about physiological conditions for
its maximum accumulation.

Therefore, we examined the medium optimiza-
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Table 1. Composition of medium.
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. 1 2 3 4 5
Medium Number (&l (&l (gl (/D) (gl
(NH,),80, 1.0 3.6 3.6 0.3 1.0
H,PO, 75  x10-3 650 x103 650 x103
KH,PO, 1.305 1.305
Na,HPO, 2.13 2.13
MgS0,-TH,0 30 x10-3 450 x103 450 x10-3 450 x103 450 x 10-3
CaCl,-2H,0 3.3 x103 4.95%x103 495 x103 4.95%x 103 3.3 x103
FeSO,- TH,O 1.3 x103 1.95%x103 1.95 x103 1.95%x 103 1.3 x103
MnSO4-4HZO 0.13x103 0.2 x103 0.2 x103 0.2 x103 0.13 x103
ZnSO4-7H20 0.13x 103 0.2 x103 0.2 x103 0.2 x103 0.13 x103
CuSO4-5HZO 40 x 10-6 60 x106 60 x 106 60 x10€ 40 x 10-6
Na,Mo0O,-2H,0 40 x10% 60 x10 60  x106 60  x10 40 x106
COCIZ-GHZO 40 %106 60 %106 60 x 106 60 x106 40 x 106
H3B033 30 x10% 45 x106 45 x 10-6 45 x106 30 x 10-6

*0.5% (v/v)-methanol was supplemented in each medium.

tion for a PHB-producing methylotroph,
Methylobacterium organophilum growing on a
methanol as a sole carbon and energy source and fed-
batch culture of M. organophilum was conducted in
order to improve the PHB production by overcom-
ing the methanol inhibition.

Materials and Methods

Microorganism

The strain used in this study was Methylobacteri-
um organophilum K-1, shared by Dr. J.M. Lebeault,
Universite de Technologie de Compiegne, France (9).

Culture media and conditions

The basal culture media are minimal synthetic
media supplemented with 0.5% (v/v) methanol
described by Maclennan, ef al. (10) and Tsuchiya,
et al (11). The modification of culture medium was
followed as described by Maclennan, ef al. (10), and
by the procedure described in this paper. The com-
positions of various media were given in Table 1.

The batch cultures were performed in 2/ jar
fermentor (New Brunswick Scientific Co.) with a
working volume of 1.3 liter or in 250 m/ flask. Aera-
tion and agitation were conducted to maintain the
dissolved oxygen above 40% of air saturation using
an oxygen probe (Ingold). The culture pH was main-
tained 6.8 with 4 N NaOH/KOH (1:1 mixture) at

the temperature of 30°C.

Analytical methods

Optical density was measured at 570 nm for the
estimation of cell growth. Dry cell weight was deter-
mined gravimetrically and ammonium nitrogen was
analyzed by Indo-Phenol method (12). The concen-
tration of residual methanol in culture broth was
measured by gas chromatography in Intersmat IGC
121 DFL with a column packed with chromosorb
101, 80/100 mesh at 150°C and a flame ionization
detector was used. The PHB granule was prepared
by the method of Williamson and Wilkinson (13) and
the quantitative estimation was performed by
gravimetry or gas chromatography by the method of
Braungg G., et al. (3). Total contents of nitrogen in
organic sources (yeast extract, peptone, corn steep
liquor, and casamino acid) were measured by micro-
Kjeldahl method (14).

Results and Discussion

Optimization of medium composition for cell growth

In order to develop and optimize the synthetic
medium in flask culture, M. organophilum was
cultivated on five kinds of minimal basal medium
supplemented with 0.5% (v/v) of methanol. First of
all, phosphorus source was tested for cell growth,
since phosphorus was known as a crucial growth-



394
8-
H
S 6
(1]
a
s 1f
=
=
2
£
S o : ‘s
20 60 80 100 120 140
Time (hr)

Fig. 1. Time courses of the cell growth on medium 1
(4), medium 2 (&), medium 3 (C), medium 4 (@) and
medium 5 (m).

regulating nutrient in microorganism (15). The bet-
ter cell growth was obtained by substitution of
phosphate salts (combination of KH,PO, and
Na,HPO,) for phosphoric acid in medium 1,2, and
3 proposed by Maclennan (10) as shown in Fig. 1.
This result was probably due to the buffering action
of phosphate. In fact, pH was only changed from
6.8 to 6.5 during the culture. From the growth pro-
files on medium 2 and 4, it was found that high con-
centration of ammonium sulfate inhibited the cell
growth. In case of medium 3 and 35, the higher growth
rate was obtained on medium 5 containing 1.0g-
(NH,),SO,/! instead of 3.6g-(NH,),SO,// in medium
3, even though the final cell mass was similar bet-
ween two different media. To determine the ap-
propriate concentration of ammonium sulfate, the
cultures were carried out in the range of concentra-
tion from 0.5g// to 16g//. The maximum specific
growth rate decreased significantly as the concent-
ration of (NH,),SO, increased over 2.5g/! of
(NH),SO, (Fig. 2). It is a very rare case which a
ammonium sulfate inhibits cell growth in range of
2.5-10g/l. However, nitrogen regulations on
metabolites accumulation were reported in several
cases of amino acid and secondary metabolite pro-
duction (16, 17). To find out the better nitrogen
sources, the growth of M. organophilum was examin-
ed on the medium containing various nitrogen
sources and the results were represented in Table 2.
As the inorganic nitrogen sources such as ammonium
and nitrate salts were rapidly assimilated by the cell,
the high specific growth rates ranged from 0.22 to
0.26 hrt were obtained. The specific growth rates
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Fig. 2. Effect of initial concentration of (NH,),SO, on
the specific growth rate.

Table 2. Effect of nitrogen sources on specific growth
rate.

Nitrogen u Dry cell weight
sources™® (hr1) (g/l)
(NH,),S0, 0.254 1.954
NaNO4 0.224 1.796
Urea 0.120 1.572
Casamino acid 0.076 1.414
CSL 0.109 1.486
Yeast extract 0.072 1.442
Peptone 0.041 0.664

*Nitrogen content: Amount equivalent to 0.064g-total
nitrogen/! in each case.

Table 3. Effect of trace elements on specific growth
rate.

Deficient Specific growth
component rate (hr1)
Ca+2 0.228
Fe+2 0.206
Mn+2 0.205
Zn+2 0.246
Co+2 0.234
Mo+2 0.276
Cu+2 0.221
H,BO, 0.242
Control 0.261
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Fig. 3. Effect of methanol concentration on the specific
growth rate.

were significantly decreased when only organic
sources were used. Thus, the ammonium sulfate was
selected as a nitrogen source for the further ex-
periments.

The major functions of metal ions are maintain-
ing an osmotic balance and providing a cationic en-
vironment. For the maintenance of the active
physiological state of cells, it was known that twen-
tyseven elements are required at least (18). In order
to determine the requirements of metal ions, the
culture medium 5 was used with deficiency of a
specific metal ion. The deficiency of metal ions af-
fected the specific growth rate and the data were sum-
marized in Table 3. The deficiency of Fet? and
Mn+2 significantly repressed the cell growth,
whereas the deficiency of Co+2, Cu+2, and Ca+2
tended to repress slightly. From these results, the
Fe+2 and Mn+2 were found to be essential for the
cell growth. These results might agree with the fact
that Fe+2 plays an important role in an electron
transport system and acts as a cofactor of heme (18).

As a result, the composifion of optimal growth
medium for M. organophilum was determined as
follows; Methanol, 0.5% (v/v): (NH,),SO,, 1.0g/!:
Na,HPO,, 2.13g/!: KH,PO,, 1.305g//: MgSO,-
7H,0, and trace elements (CaCl,-2H,0, 3.3 mg: Fe
SO,-7H,0, 1.3 mg: MnSO,-4H,0, 130 xg: ZnSO,-
4H,0, 130 ng: CuSO,-5H,0, 40 u#g: Na, Mo,O,-
2H,0, 40 ng: CoCl,-6H,0, 40 xg: H;BO,, 30 ug
per liter).
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Fig. 4. Time course of cell growth and PHB produc-
tion in intermittent feeding fed batch culture.

Effect of methanol concentration

In general, methanol is a toxic substrate for
bacteria and for methanol utilizing organisms even
1.0% of methanol could inhibit the growth of many
strains (15, 19). The effect of methanol concentra-
tion on the cell growth was shown in Fig. 3. The max-
imum specific growth rate was tended to drop as
methanol concentration increased beyond 0.3% (v/v)
and the cell growth was completely inhibited at the
concentration above 4% (v/v) of methanol. For the
optimal cell growth, it is necessary to keep the
methanol concentration under 0.3% (v/v) during the
culture.

Accumulation of PHB

To overcome the methanol toxicity and inhibi-
tion, intermittent feeding of methanol was conducted
by D.O.~stat technique. When methanol in culture
medium was completely used up and became a
growth limiting factor, the dissolved oxygen tension
in culture broth increased abruptly. This change of
D.O. level was used as a control indicator of feeding.
A typical data of the culture was shown in Fig. 4.
In this experiment, pH and temperature were con-
trolled to 5.7 and 37°C, respectively. Since these con-
ditions were more favorable for the accumulation of
PHB (data not shown). The PHB accumulation was
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Table 4. Production of PHB under deficiency of each
nutrient in the medium.

Deficient  Cell Mass* Accumulated PHB/Cell

Nutrient (g/h) PHB (g/l) Mass (%)
NH,+ 28.9 5.97 20.7
Mg+2 27.4 10.95 40.0
PQO,3 10.3 3.50 34.0
K+ 12.2 7.10 58.2
80,2 153 4.28 28.0

*: Initial concentration of resuspended cells was adjust
to 2g/l and the cultures were carried out for 20 hr.

significantly stimulated by limitation of nitrogen
source and 2.3g// of PHB was obtained after 35 hr
and the PHB content reached about 20% of dry cell
weight.

In order to improve the product yield of PHB,
the experiments using the medium with deficiency of
specific nutrients were carried out. For these ex-
periments, two-stage culture technique was applied
by the resuspension of the cells harvested from the
first stage with growth medium. As shown in Table
4, the product yield of PHB on cell mass was
significantly improved when the nutrients such as
NH,+, Mg+2, K+, or PO,? were deficient in the
culture medium. The maximum PHB yield was
achieved to 58% of dry cell weight by the deficiency
of potassium ion.
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