Kor. J. Appl. Microbiol. Biotechnol.
Vol. 24, No. 3, 344-351 (1996)

e MSEZS0|AM Actinobacillus sp. EL-90]|
2|3t Poly-B-Hydroxybutyrate2| A4AH

£EF - oM
SAlCHstm Aboinfsicist njASstn)

Production of Poly-B-Hydroxybutyrate by Actinobacillus sp. EL-9 under Balanced-Growth Conditions.
Hong-Joo Son and Sang-Joon Lee*. Department of Microbiology, College of Natural Science, Pusan National
University, Pusan 609-735, Korea — Microorganisms growing alcoholic distillery wastes were isolated from
soil. Of them, the selected strain EL-9 had a capability of accumulating poly-B-hydroxybutyrate (PHB) when
grown in alcoholic distillery wastes. The strain EL-9 was identified as a genus Acttnoba- cillus based on
the morphological, cultural, and biochemical characteristics. The strain EL-9 was named temporarily as Actino-
bacillus sp. EL-9. The optimal temperature and pH for cell growth of Actinobacillus sp. EL-9 were 30C and
7.0, respectively. The optimal medium compositions for cell growth comprised glucose 2%, NH,NO; 0.15%,
Na,HPO,-12H,0 0.25%, KH,PO, 0.25%, MgS0,-7H,O 0.15%, FeSO,-7H.0 0.005%, CaCl,-2H,O 0.003% and
trace element solution 5mi/l. To investigate the optimal conditions for PHB production, two-stage culture
technique was used. The result showed that the optimal conditions for PHB production are identical those
for cell growth. When propionic acid was added as a cosubstrate, PHB/HV copolymer was produced.
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Table 1. Taxonomical characteristics of EL-9 strain

- — ——e.

Contents Characteristics

Morphological characteristics

Cell shape Rod with
recunded ends

Cell size (um) 20~—25 by
3.0~3.5

Gram stain Negative

Spore formation Not formed

Motility Non-motile

Cell division
Cultural characteristics
Colony shape on

Simple division

[rregular, flat,

nutrient agar plate undulate
Colony surface Smooth to rough
color White to light
brown
opacity Opaque
Gelatin liquefaction Negative
Biochemical characteristics
Aerobic growth +
Anaerobic growth +
Catalase +
Cytochrome oxidase +
OF Fermentation
Acid production from glucos +
Growth on MacConkey agar —
_Growth in KCN broth +
Starch hydrolysis +
Nitrate reduction +
Casemn hydrolysis —
Urease +
Arginine dehydrolase +
Lysine decarboxylase —
Ornithine decarboxylase —
ONPG -
Esculin hydrolysis +

Indole production —
H.S production -
VP reaction —
Methyl red reaction —
Growth at 45% NaCl = -
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Fig. l Ele{:tron micrograph of ultrathin section of EL-9
strain containing PHB granules.
Arrows indicated PHB granules.
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13 Table 2. Effect of carbon sources on the growth of Actino-
¥ bacillus sp. EL-9.
£ 11
5 101 Carbon sources OD at
8 7 (1%) 660 nm
- B
e None 0.096
= Glucose 11.16
= 5 Fructose 5.568
Eo ;,, Galactose 4.608
5 2 Mannose 1.21
14 Arabinose 7.793
G 1 T L} 1 T
15 20 25 30 35 40 45 50 Kylose 2432
Tem perature( Oc) Lactose 1.088
Fig. 2. Effect of temperature of the growth of Actinobacillus Ma‘lt()%e 9.733
sp. EL-9. Sucrose 10.76
Cellobiose 2.108
14 " Trehalose 11.98
Starch 7.72
z 12- 12 Sorbitol 1.488
S 4o 10 Mannitol 6.784
it - Glucosamine 0.495
;.‘ 8- 8 o Methanol 0.513
9; o- " E Ethanol 0.491
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4- -4
o Culture was carried out in basal salt medium containing
S o -2 0.2% NH,Cl as a nitrogen source at 30C and pH 7.0.
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Table 3. Effect of nitrogen sources on the growth of Actino-
bacillus sp. EL-9.

Nitrogen sources OD at
(1%) 660 nm
None 0.102
NH,(I 10.84
(NH).50, 1.944
NH/NO; 12.208
KNO; 1.944
NaNO, (0.788
NaNO; 2.209
Malt extract 1.422
Yeast extract 16.728
Polypeptone 16.256
Bactopeptone 12.943
Urea 7.408
Arginine 1.984

Culture was carried out in basal salt medium containing
2% glucose as a carbon source at 30C and pH 7.0.
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Fig. 5. Effect of NH,NO; concentration on the growth of
Actinobacillus sp. EL-9.
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Tabie +. Effect of deficient-nutrients on cell mass and PHA
production of Actinobacillus sp. EL-9.

Deficient- Dry cell PHB PHB
nutrients weight content weight

(g/h* (Wt.%)** (g/D)
NH,' 1.859 19.5 0.361
Na’ 3.676 23.9 0.879
K’ 3.905 22.3 0.863
SO, - 4.21 22.5 0.947
Mg * 4.178 22.9 0.959
PO, ° 4.264 22.5 0.961
Ca'® 4.159 22.3 0.927
Control 4.285 22.6 0.968

*Initial concentration of resuspended cells was adjusted to
1.2 g/l and the culture as carried for 24 hours.
**Indicated as the percentage per dry cell weight.
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Fig. 6. Time course of batch culture of Actinobacillus sp.
FL-9 in optimal growth medium.

Culture was carried out in 5/ jar fermentor at pH 7.0,
30C, 2 vvm, and 400 rpm; glucose 2% and NH,NO, 0.15%.
— M —; growth, —aA—; PHB weight.
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Fig. 7. Effect of C/N molar ratio on growth and PHB pro-
duction of Actinebacillus sp. EL-2 at the first stage.
— I —; growth, — & —; PHB weight.

Table 5. Effect of propionic acid concentration on PHB/HV
production by Actinobacillus sp. EL-9.

Propionic  Dry cell PHB/HV  PHB/HV HV
acid weight (g/I content (%)
(%) (g/]) {(wt. %)

0 4.28 1.04(PHB) 24.3 —
0.05 3.79 0.51 13.6 21.5
0.1 2.62 0.27 10.3 33.3
0.15 2.35 0.14 5.9 42.9
0.2 1.90 0.11 5.8 54.5
0.25 1.20 0.05 4.2 60
0.3 0.79 0.04 5.1 75
0.35 0.50 0.02 25 50

Cell were cultivated in optimal growth medium containing
2% of glucose as a primary carbon source and each concen-
tration of propionic acid as a secondary carbon source (HV
precusor),
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Fig. 8. 125 MHz “C-NMR spectrum of PHB produced by Actinobacillus sp. EL-9.
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