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Accumulation of Poly-B-Hydroxybutyric Acid by Alcaligenes sp.
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Abstract — Microorganisms capable of accumulating poly-B-hydroxybutyric acid(PHB) were isolated
from soil by enrichment culture technique. Among them, the strain designated as FL-027 had
high PHB productivity and was identified as Alcaligenes. The optimal medium composition for
cell growth was 80 g/l of fructose and 3.0 g/l of (NH,),SO., equivalent to C/N ratio 5.04 at pH
7.0 and 30C. To investigate the optimal conditions for the PHB accumulation, we divided the
process into two stages; the first stage for the growth of the cell in nutrient-rich medium and
the second stage for the PHB accumulation in nutrient-deficiency medium. The optimal conditions
for PHR accumulation were 8.0 g/l of fructose and 0.25 g// of (NH,),SO, equivalent to C/N ratio
60 at pH 6.5 and 30T . PHB accumulation was stimulated by deficiency of nutrients such as NH, ',
Ca?", SO2" in medium. Among them, NH,'-deficiency was chosen because of its effectiveness.
We found the inhibition of cell growth by fructose in batch culture. In order to keep the fructose
concentration at an optimal level, intermittent feeding fed-batch culture was employed, and the
cell concentration as high as 10.83 g/I whose PHB content was responsible for 43% of the dry
cell weight. The purified PHB was identified as homopolymer of 3-hydroxybutyric acid by using

IR and 'H-NMR.
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Fig. 1. Gas chromatogram of PHB.
(a) Standard PHB, (b) PHB from Alcaligenes sp. FL-027.
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Fig. 2. Photograph of FL-027 strain was stained with
Sudan black B.
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Table 1. Taxonomical characteristics of FL-027 st-
rain

Characteristics FL-027 strain

Morphological characteristics

Shape Rod shape with
rounded ends

Cell size(u) 1.0-1.5 by 3.0-46

Motility Motile by peritrichous
flagella

Spore Non-spore forming

Gram stain Negative

Cultural characteristics

Round, entire, convex
Smooth

White to pale brown

Colonies on nutrient agar
Colony surface

Colony color

Hydrolysis of gelatin Negative
Biochemical characteristics

Catalase test Positive
Voges-Proskauer test Negative
Methyl red test Negative
Indole test Negative
Oxidation-fermention test Negative
Cytochrome oxidase test Positive
Simmons citrate test Positive
Growth on MacConky agar  Positive
Growth on KCN broth Positive
Growth on SS(salmonelia- Negative

shigella) agar
Decarboxylase test:

Lysine Negative

Ornithine Negative
Arginine dehydrolase test Negative
Urease test Positive
H.S production Negative
Starch hydrolysis Negative
PHRB accumulation Positive
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Fig. 3. Effect of fructose concentration on the growth
of Alcaligenes sp. FL-027.

Table 2. Effect of nitrogen sources on the growth of
Alcaligenes sp. FL-027

Growth (O.D. at 660 nm)

Nitrogen source

None 0.07
NHNOQ 0.31
N3N03 261
NH,CI 8.56
(NH,),S50, 9.56
(NH,),HPO, 4.42
NH;NO, 3.97
Bactopeptone 4.10
Polypeptone 5.63
Casamino acid 8.86
Yeast extract 7.53
Malt extract 0.67
Casein 3.88
Lysine 0.89
Asparagine .62
Arginine (.61
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Fig. 4. Effect of concentration of (NH,),SO, on the
growth of Alcaligenes sp. FL-027.
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Fig. 5. Effect of pH on the growth of Alcaligenes sp.
FL-027.
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Fig. 6. Effect of temperature on the growth of Aicalige-
nes sp. FL-027.

Table 3. Effect of nutrient-deficiency on cell growth
and PHB accumulation in the second stage culture

A{:(:umulated“ PHB content*

Deficient Dry cell

nutrzent weight(gﬂ) PHB(g/!) (‘?E )
Ca®! 3.826 0817 21.35
Na“ 3.767 (.752 19.96
K' 3.958 0.745 18.83
SO, 1.257 (2.362 28.83
NH," 1.347 .467 34.68

*Indicated as the percent per drv CE‘“ wez;s;ht
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Fig, 7. Effect of concentration of (NH,)L.SO; on the
cell growth aad PHB accumulation at the second stage

of Alcaligens sp. FL-027.

Symbols: —m—, cell mass; —@—, PHRB.
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Table 4. Comparison of cell mass and PHB yield between batch and fed-batch cultures

Cell mass (g/) PHB (g/D) PHB (%) Y,..* Y, " Culture time(h)
Batch 3.83 1.02 26.6 0.47 0.13 20
Fed-batch 25.10 10.84 43.2 (.18 (.08 72

*Y.s: vield coefficient for cells on carbon substrate

*Yo.: vield coefficient for product on carbon substrate
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Fig. 10. Infra-red spectrum of PHB from Alcaligenes
sp. FL-027.
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