Kor. J. Appl. Microbiol. Biveng.
Vol. 17, No. 4, 397-402 (1989)

New Extracellular Biopolymer Produced by
Methylobacterium organophilum from Methanol

Choi, Joon H., Un T. Lee, Jung H. Kim* and Joon S. Rhee

Department of Biological Science and Engineering, KAIST,
P.O.Box 150, Cheongryang, Seoul 130-012, Korea

Methylobacterium organophilum o 2|3t OBl 2 2 £ E]
MME= MER MEDEA

A new extracellular biopolymer was produced by Methylobacterium organophilum from
methanol as a sole carbon and energy source. The purified biopolymer was found to have a high
molecular weight of about 4-5 x 106 dalton and contained 66% (w/w) of carbohydrate but no polyhydro
xybutyrate. Other organic constituents were consisted of protein, pyruvic acid, uronic acid, and acetic
acid, whereas content of inorganic ash was 22%. Based on the chemical analysis of the biopolymer
by TLC method, the polymer was consisted of glucose, galactose, and mannose with an approx-
imate molar ratio of 2:3:2. The biopolymer solution showed a characteristics of pseudoplastic non-
Newtonian fluid. The viscosity of the 1%-biopolymer solution was found to be 18,000 cp at a shear
rate, 1 sec-1, which was almost 10 times higher than that of a commercial xanthan gum.

C,-compounds are attacting much attention as a
convenient raw material in the fields of chemical in-
dustry and biotechnology. Especially, methanol is ex-
pected to be the most useful one for fermentation
processes including the production of organic- and
amino-acids as well as single cell protein (1). The
advantages of methanol as a substrate are its low
cost, high purity, complete water miscibility, and res-
tricted use by certain microorganisms. Therefore, a
kind of attempts has been performed to establish a
new process for the fermentative production, in wh-
ich both the unique and conventional metabolisms
of methylotrophs are utilized (2, 3). Extracellular
microbial biopolymers show a great diversities as well
as novelty in their structures and properties (4, 5).
Because of these reasons, microbial biopolymers have
been utilized in a wide range of applications such as

a stabilizer, emulsifier, or thickner in foods, as an
additive for recovery of petroleum by water flooding,
as a selective adsorbent, and a rheological control
agent. Extracellular biopolymer production by
methylotrophs has been reported both in methane
utilizing bacteria (6, 7) and in methanol utilizing
bacteria (8-11). Recently, the authors found that M.
organophilum could accumulate extracellularily an
unknown biopolymer under the specific culture con-
ditions (12).

In the present study, the chemical identities and
rheological properties of a new polysaccharide-
biopolymer produced by Methylobacterium
organophilum from methanol as a sole source of car-
bon and energy were investigated.

Materials and Methods
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Microorganism

Methylobacterium organophilum (NCIB 11278-
KC-1) was used throughout this study (13).

Medium and culture conditions

M. organophilum was cultivated on the follow-
ing basal medium (per liter): methanol, 0.5%(v/v);
(NH,),S0,, 0.3g; KH,PO,, 0.63g; Na,HPO,, 1.06g;
MgSO,-7H,0, 0.45g; and trace elements (Ca*?,
Fe*?, Mn*% Zn*% Cu*? Mo*% Co*? (12). The
The medium was adjusted to pH 7.0 with 2 N-
NaOH. Methanol was added aseptically after sterili-
zation of other components.

Batch culture was performed in a 5 liter home-
made jar fermentor equipped with standard control
units and instrumentations. Fermentor was inoculat-
ed with 5% (v/v) inoculum and fermentation condi-
tions were as follws: working volume, 3 /; agitation
speed, 400-600 rpm; aeration rate, 1 vvm; tempera-
ture at 30°C; and pH 7.0 controlled with 3 N
KOH/NaOH (1:1 mixture).

Isolation and purification of extracellular biopolymer

The bacterial cells were removed by a centrifuga-
tion (10,000 rpm). The cell-free biopolymer was
precipitated by addition of 2 volumes of ethanol. The
precipitated, fibrous biopolymer was washed with
75% (v/v) ethanol and then redissolved in distilled
water. The biopolymer solution was dialyzed
throughly against the distilled water for desalting.
The purified biopolymer was obtained by freeze-
drying the dialyzed polymer solution for the analysis.

Determination of chemical identity

The freeze-dried biopolymer was dried until con-
stant weight in a 105°C-dry oven. The total car-
bohydrate contents of purified biopolymer were
determined by Phenol-Sulfuric acid method (14) and
expressed as glucose. The protein content of
biopolymer was measured according to Lowry
methods (15) and JASCO spectrofluorometer. The
content of reducing sugar was determined by DNS
method (16) after complete hydrolysis with
trifluoroacetic acid. The carbazol method (17) for
uronic acid, Friedemann method (18) for pyruvic
acid, and hydroxamic acid method (19) for acetic acid
were applied, respectively.

Elemental analysis was conducted with a Perkin-
Elmer 240-C Elemental Analyzer and the infrared
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spectrum was obtained by using IR spectrometer
(283B Perkin-Elmer) with KBr pellet.

Determination of molecular weight

The molecular weight of purified biopolymer was
determined by a gel filtration chromatography us-
ing Sepharose 6B and dextrans of known molecular
weight (10,000, 80,000, 500,000, 2,000,000 dalton)
were used as standards.

Thin layer chromatography (TLC)

The biopolymer was completely hydrolyzed with
trifluoroacetic acid at 121°C for 1 hour. The com-
ponent sugars were identified by TLC using ascen-
ding method on a cellulose plate and the spots were
visualized by spreading the alkaline silver nitrate solu-
tion. Individual monosaccharides were extracted
from TLC plate and determined the molar composi-
tion. The following solvent systems were used; a)
EtOAc: pyridine: acetate: H,0=5:5:1:3; b) n-
propanol: ethylacetate: H,0=6:1:3; ¢) butanol:
pyridine: 0.1 N HCI=5:3:2 (19-22).

Measurement of viscosity
A Haake Rotovisco Rheometer, Model RV2,
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Fig. 1. UV fluorescence spectrum of the biopolymer.
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Fig. 2. Elution profiles of the biopolymer and protein.

equipped with MVI1 sensor system was used for
measuring the viscosity of the biopolymer solution
at various concentrations. The temperature was con-
trolled at 25°C by an external circulatory thermostat.

Results and Discussion

Determination of chemical identities of biopolymer

In order to determine the chemical identities of
the purified biopolymer produced on methanol-
containing medium by M. organophilum, a variety
of tests were performed. By running a UV spec-
trofluorescence with the prufied polymer, it was
observed that the biopolymer seemed to contain pro-
tein moiety and no nucleic acid since there was a ab-
sorption peak at 280 nm (Fig. 1). The presence of
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Table 1. Chemical identity and elemental analysis of
the purified biopolymer.

Constituent components WIW(%)
Total carbohydrate 65.4
Reducing substance 57.6
Protein 4.73
Pyruvic acid 4.17
Uronic acid 9.2
Acetic acid 0.68
Inorganic ash 22.21
Polyhydroxybutyrate Negative
Nucleic acid Negative
Elemental analysis

Ash 22.21
Carbon (C) 31.2
Hydrogen (H) 4.78
Oxygen (0) 41.01
Nitrogen (N) 0.56
Sulfur (S) 0.26

protein was further confirmed by Bradford reagent
(23) and by the gel filtration chromatography using
Sepharose 6B as shown in Fig. 2. It was confirmed that
the protein was not contaminated but bound to
biopolymer. The protein content was determined as
4.5% (w/w). Poly- g -hydroxybutyric acid was not
detected. The phenol-Sulfuric acid method for total
carbohydrates showed that the polymer contain-

8.0 9.0 10

(=]

7.0 12 14 16 1820 2530 40:

1001

801

60

40f

Transmission (%)

20f

1] L 1
4000 3500 3000 2500

Il Il 1 ] L 1 1 § S|
2000 1800 1600 1400 1200 1000°

I I
800 600 400 200

Wavenumber (cm-1)

Fig. 3. Infra-Red spectrum of the biopolymer.
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Fig. 4. Elution profiles of the purified biopolymer and
standard molecular marker (dextran).

ed 66% (w/w) of sugar and the DNS method in-
dicated 57.6% (w/w) of reducing substances in the
polymer. The Friedemann method for pyruvic acid,
the hydroxamic acid method for acetic acid, and the
carbazol method for uronic acid indicated that 14%
of organic acids was contained in the polymer. Its
molar ratio was found to be 4:1:8. The polymer con-
tained also 22% of ash.

According to an elemental analysis, the consti-
tuent elements were carbon (31.2%), hvdrogen
(4.78%), and nitrogen (0.56%). Table 1 summariz-
ed the chemical identity and the elemental com-

Fig. 6. Identification of the biopolymer by TLC.
Solvent system; EtOAc: pyridine: acetate: Hy0 =5:5:1:3
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Fig. 5. Determination of molecular weight of the
biopolymer.

ponents of biopolymer. Typical IR spectrum of
biopolymer produced by M. organophilum was
represented in Fig. 3. The absorption peak at
3400 cm! was characteristic of OH streching from
bound alcohol group and absorbed water, and the
peaks in the range of 2900 to 2800 cm-! were an in-
dication of the C-H streching. The absorption peaks
around 1720 cm-! and 1060 cm-! were characteristics
of C=0 and C-O (ketone) groups. The absorption
peaks at 3400-3500 cm-! and 1610-1655 cm-! suggest
the amine and amino group, respectively. The strong
absorption peaks observed in range of 1,000 to
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Fig. 7. Rheogram of the biopolymer solution.
Symbols; B,1g/l; ], 3g/l; O, 5g/l; @, 10g/l
1200 cm! was generally known as the typical
characteristics of all sugar derivatives.

Determination of molecular weight

Molecular weight was estimated by gel permea-
tion chromatography using Sepharose 6B. The elu-
tion profiles of biopolymer and dextrans as standard
molecular markers are shown in Fig. 4. The average
molecular weight of polymer was determined as
about 4-5 x 106 dalton (Fig. 5). The molecular wight
of this biopolymer was much higher than that of xan-
than which was known as 2x 106 dalton at max-
imum (24).

Sugar composition of biopolymer

After trifluoroacetic acid hydrolysis of the
polymer, TLC were carred outin three different sol-
vent systems described in Materials & Methods. The
developed spots in TL.C are shown in Fig. 6. The con-
stituent sugars were determined as glucose, galactose,
and mannose and it was found that the molar ratio
of glucose, galactose, and mannose was 2:3:2.
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Fig. 8. Relationship between consistency index (K) and
concentration of the biopolymer (P).

Rheological characteristics of biopolymer solution
The rheological properties of the biopolymer
solution were examined in the range of 0.1 to 1.0%
(w/w) at 25°C. The biopolymer solution showed the
characteistics of pseudoplastic non-Newtonian fluid
and higher degree of pseudoplasticity as the polymer
concentration increased (Fig. 7). The consistency in-
dex (K) as a function of biopolymer concentration
is shown in Fig. 8. The viscosity changes could be
expressed as function of concentration in the follow-
ing equation;
K=APB
InK=InA+BInP
where A and B are the constant and P is the concen-
tration of biopolymer. From Fig. 8, A and B were
determined as 35 and 2.6, respectively. The apparent
viscosity of 1% solution at the shear rate of 1 sec!
(K value) was about 18,000 cp, which was almost
10 times higher than that of xanthan gum.
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