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Polyhydroxyalkanoic Acid Production by Alcaligenes sp. GB-77
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Abstract — For polyhydroxyalkanoic acid (PHA) production, several microorganisms were isolated
from sewage sludge. One of them, GB-77 strain, was chosen from its PHB/HV copolymer produc-
tion on only fructose without cosubstrate. The isolated strain GB-77 was identified as the genus
Alcaligenes. Optimal temperature and pH for cell growth were 36C and 6.8. Optimal medium
composition was 10 g/l of fructose and 5 g/l of polypeptone, 1X10 * M Na,HPO,, 1.3X10°? M
KH,PO,. To investigate the optimal condition for polyhydroxyalkanoic acid production two-stage
culture technique was used; first stage for cell growth and second stage for PHA production
on unbalanced growth conditions. Optimal conditions for high PHA production were C/N ratio
50, temperature 36C and pH 6.8. To overcome fructose inhibition on cell growth, intermittent
feeding fed-batch culture technique was used. Total cell concentration was 17.4 g/l with 9.1 g/
of PHA. The purified PHA was identified PHB/HV copolymer by NMR analysis.
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Fig. 1. Electron microscope of ultrathin section of Alca-
ligenes™ sp. GB-77 containing polyhydroxyalkanoic acid
(PHA) granules.
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Table 1. Taxonomical characteristics of the isolated
strain GB-77

Examination Characteristics
of GB-77

Morphological characteristics

Cell shape Rods

Cell size 1.5~2X04 um
Motility Motile

Spore formation Negative*
Gram staining Negative

Cultural characteristics

Colony shape Convex, round

Colony color Milky, white

Colony surface Smooth

Gelatin liquefaction Positive**

Biochemical characteristics

Catalase production Positive

Cytochrome oxidase Positive
production

Utilization on KCN Positive

Utilization on MacConky Negative
agar

H.S production Negative

Indole production Negative

Lysine decarboxylase Positive
production

Arginine dehydrolase Positive
production

Ornithine decarboxylase Positive
production

Methyl red reaction Negative

Voges-Proskauer reaction Negative

Nitrate reduction to nitrire Posttive

Nitrite reduction to N, Negative

Starch hydrolysis Negative

Urease production Positive

Oxidation Fermentation O(inert)/
test Negative

*Negative; non-production, **Positive; production.
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Fig. 2. Effect of temperature on the growth of Alcalige-
nes sp. GB-77.
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Fig. 3. Effect of pH on the growth of Alcaligenes sp.
GB-77.
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Table 2. Effect of carbon sources on the growth of
Alcaligenes sp. GB-77

—
—r—r—

Accumulated H‘T

Carbon Dry cell
sources weight PHA (g/D) (g/h)
(1%) g/
Glucose 4.0 0.31 0.04
Fructose 4.3 0.43 0.12
Maltose 1.2 0.06 0.05
Lactose 1.1 0.01 0.009
Sucrose 1.1 0.01 0.001
Mannitol 3.5 0.28 0.03
Sorbitol 3.8 0.26 0.03
Glycerol 2.6 0.06 0.02
Propanol 0.7 0.02 0.01
Methanol - - —
Butanol 0.7 0.02 0.01
Ethanol — — ~—
16
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Fig. 4. Effect of fructose concentration on the growth
of Alcaligenes sp. GB-77.

Table 3. Effect of nitrogen sources on the growth of
Alcaligenes sp. GB-77

Carbon Dry cell  Accumulated HV

sources weight PHA (g/D) (g/h

(0.3%) (g/])
(NH,).50, 1.8 0.14 0.05
NH,Cl 1.7 0.2 0.12
NH,OH 1.5 0.12 0.1
Urea 0.4 0.04 0.01
Glutamate 3.4 0.1 0.02
Yeast extrac 4.4 0.34 0.12
Polypeptone 4.8 0.49 0.15
CS.L 0.9 0.03 0.01

Cells were cultivated in muneral salts medium contai-
ning 1% fructose as a carbon sourcs at 36C and pH

6.8.
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Fig. 5. Effect of polypeptone concentration on the gro-
wth of Alcaligenes sp. GB-77.

Cells were cultivated in mineral salts medium contai-
ning 1% fructose as a carbon sources at 36C and pH

6.8.
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Table 4. Effect of deficient nutrients on cell mass and
PHA production of Alcaligenes sp. GB-77

Deficient Dry cell Accumulated HV PHA
nutrients  weight*  PHA (g/l) (g/l) content**
(g/D) (%)
Ca’" 3.98 0.62 0.11 15.6
Na*" 3.92 0.64 0.09 16.3
PO, 3.85 0.82 0.18 21.2
NH,' 3.75 1.21 0.31 32.6
Mg 3.95 0.87 0.17 23.0
SO 2.84 0.61 0.09 25.2
Control 4.05 0.65 0.12 16.0

*Initial concentration of resuspended cells was adjust
to 2 g/l and the culture were carried out for 24 hours.
**Indicated as the percent per dry cell weight,

Table 5. Effect of poylpeptone concentration to NHiCl concentration on PHA production of Alcaligenes sp. GB-

77
Nitrogen source Growth stage PHA production stage

Polypeptone NH,C] D.C.W* PHA** HYV D.C.W* PHA** HV

(%) (g/D (g/1) (&/l) (g/) (g/1) (g/l)
0.1 0.3 1.172 0.137 0.025 1.219 0.215 0.025
0.2 0.2 1.794 0.18 0.031 1.98 0.232 0.028
0.3 0.1 3.685 0.238 0.028 3.72 0.292 0.031
0.4 0.2 3.714 0.255 0.022 3.97 0.318 0.048
0.5 0.1 4.5 0.57 0.078 4618 (.69 0.095
0.6 0.1 3.702 0.031 0.02 4.313 0.153 0.023
0.7 0.1 3.653 0.032 0.01 4512 0.139 0.022
0.8 0.1 1.912 0.002 0.005 3.511 0.131 0.023
0.4 0 3.785 0.257 0.041 3.929 0.321 0.021
0 04 0.34 0.131 0.03 0.5 0.212 0.07

*Dry cell weight. **Accumulated PHA(g/D).

After cells were cultivated tn mineral salts medium containing NH,Cl and polypeptone for 24 hours, 1% of fructose
was added aseptically. Then cultivation was carried out for 24 hours.
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Fig. 6. Effect of C/N molar ratio on the cell growth
and polyhydroxyalkanoic acid (PHA) production of Al-
caligenes sp. GB-77 at the second stage.

The cell concentration of 2.5 g/l grown in optimal con-
dition at the first stage was subjected to PHA accumu-
lation.

(W): Dry cell weight, (C1): PHA, (a): HV
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Fig. 7. Time course of Alcaligenes sp. GB-77 in batch
culture.

The culture was carried out in 5/ jar fermentor at
pH 6.8, 36C, 1 vvm and 300 rpm; fructose 1.0% and
polypeptone 0.5%.

(m): Dry cell weight, ({1): PHA, (&) HV, (X): Fruec-
tose
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Fig. 8. Changes of cell growth and amount of polyhyd-
roxyalkanoic acid(PHA) during intermittent feeding fed-
batch culture.

The culture was carried out in 5/ jar fermentor cha-
nges C/N molar ratio from 15 to 50 at pH 6.8, 36C
and 300 rpm.

(m): Dry cell weight, ((1): PHA, (A): HV, ($): feeding
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Fig. 9. Gas chromatogram of PHB/HV standard (a)
and PHA (b) produced by Alcaligenes sp. GB-77.
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Fig. 11. 125 MHz “C-NMR spectrum of PHA produced by Alcaligenes sp. GB-77.
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PHA 3HAdol z]™el 7oz tleludc} ebigle 71
dxo s Hrpsh frhulokel oste] wick 604)7)
urel XA 174 g/l, PHA 9.1 g/l1& 4% 4+ 9}
gt %, A4¥ PHAE NMRe| 9sle] HAa)
43} PHB/HV copolymer ¢J-2 &eldt 4 ﬁ;lg;ltlr
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