- (Poly-p-hydroxybutyrate, PHB)

21 -
211 - -
- . PHB Lemoigne '
. .1926 7 Bacillus
megaterium (Doi, 1990)
2.1.2 - - !
(Homopolymer) 3-hydroxybutyric acid 23,000 25,000
(Byrom, 1987) : 21
CH, (0] CH, 0] CH, 0O
HO—CI'-I—CHZ—(IZ‘ O—ClH—CHz,—(IZ| O—éH—CHz—g—OH
n

21

= 23,000 - 25,000

- (Doi, 1990)



21

21

(Byrom, 1987)

Actinomyceétes
Alcaligenes
Azotobacter
Azospirillum
Bacillus
Bijerinckia
Chlorogloea

Chrom atium

Chromobacterium

Derxia

Ferrobacillus

Hypromicrobium

Lampropaedia

Methylobacterium

Micrococcus

Nocardia

17 iftra fTIGH: o
<N UwrinigTOB

Pseudomonas
Rizobium
Rhopsedumonas
Rhodospirillum
Sphaeotilus
Spirillum
Streptomyces
Vibrio

Zoogloea



- - PHB - (granule)

0.2 0.5

2.2

22 . )
Alcaligenes eutrophus (Byrom, 1987)

Ballard (1987)

, 0.24 0.50

1,000 - -



2.1.3
acetyl-CoA ' acetyl-CoA acetoacetyl-CoA
p-ketothiolase acetoacetyl-CoA D(-)-3-hydroxybutyryl-CoA
NADPH-dependent reductase PHA synthase D(-)-3-

hydroxybutyryl-CoA

2.3
Acetyl-CoA + Acetyl-CoA
P-Ketothiolase
MK Acetoacetyl-CoA
Acetoacetyl-CoA  <---- Synthetase— " OGsoacetate
NADPH
Reductase =5
D). T D atydoybuya
)- i -)-3-hydroxybutyrate
D(-)-hydroxybutyryl-CoA deh){/ droggnas%
P(SHB) NADHITS.
PHA synthase NAD*
A -y
P(3HB)n +1 PHA depolymeraseD( )-3-hydroxybutyrate
2.3

Alcaligenes eutrophus (Lee, 1996)



2.2 - - ? (Production of Poly-p-hydroxybutyrate)
?
3
221
2.2.2
2.2.3
(Tanaka ,1995)
(Yamane 1996, Lee 1994 Kim 1992,
Suzuki ,1986; 1996) ( ,
1996) ?
: 2.2
Mathlouthi (1992) 10
? 2.4 1990
(Imperial Chemical Industries, ICI) ' ? - - ?

(Poly-p-hydroxybutyrate-co-valerate)

(Austrian)

Alcaligenes latus

Alcaligenes eutrophus



2.2

A.eutrophus
A.eutrophus
Protomonas
extroquens
Recombinant
E.coli
A.eutrophus
A.eutrophus

A.eutrophus

(102
HJ0JCO2
HJ0JCO2

Methanol

40

40

121

42

30

50

64

91.3

91.3

223

117

122

60.82

88.01

)

PHB (

61.9

61.9

136

89

79.3

10.9

42.10

PHB

68

68

61

76

65

17.92

50

(%

1.55

1.55

112

211

2.64

0.22

0.66

PHB

Tanaka,1995
Tanaka,1995

Suzuki, 1986

Kim, 1992

Lee, 1994
, 1996

,1996



10

Fed-batch fermentation

Substrate

+

Bactena

Downstream Processing
yI/PHB powdern__y,

processing Applications

Continuous fermentation

24

(product yield),

0.7

processing)

2.3

Griffin (1994)

PHAS

(Mathlouthi, 1992)

3
(production rate)
75
1 15
0.4
(downstream
(molasses)
(long chain fatty acids, LCFAS)
(Downstream processing)
PHAS
PHAS



231

12-

PHAS
Ramsey

Alcaligenes eutrophus

15

95%

110
2.3.2

(solvent extraction)

PHAS

(1994)

1,050,000

(sodium hypochlorite digestion)

930,000

11



12

Williamson ~ Wilkinson (Griffin, 1994)
30-60

Berger (1989)
Alcaligenes eutrophus DSM 545

5.25% ,10
gl 120 10 - - 95%
600,000 (polydisperse index, PI)

45 1200000 3

Ramsey (1990)
Alcaligenes eutrophus DSM 545
o  9%B%
730,000 790,000



10% Vo
2.3.3 (selective enzymatic digestion)
A PHAS
(spray dryer)
234
Hahn (1993) 1 1

Alcaligenes eutrophus NCIMB 11599

shielding effect
97 %
1,000,000 1,200,000

13



14

Hahn (1994)
Alcaligenes eutrophus NCIMB 11599

30% 90
11 91%
97% 300,000
1,020,000
530,000 1,272,000 ,
shielding effect

60-65
24 - - (Property of Poly-p-hydroxybutyrate) (Griffin, 1994)
, 1
2.3 (crystalline
melting temperature, TJ, (crystallinity),

(glass transition temperature, T3



025 f

(young's modulus)
2.3 PHB

Properties
Crystaline melting point(°C)
Crystallinity (%)
Molecular weight (Daltons)
Glass transttion temperature (°C)
Density (g cm'3
Fexural modulus (GPa)
Tensile strength (MPa)
Extension to break (%)
Ultraviolet resistance

Solvent resistance

PHBOOHY)

pp (Griffin, 1994)

PHB

175
80

5105

125
40

Good

Poor

24

176
10
24,05
-10
0.905
17

Poor
Good



*With 1

2.9

24

0
3
9
14
0
2

251
252

253
254

(0

119
110
162
150
145
137

radius notch

P(HB-COHV) (Griffin, 1994)
PHB-COHV)  Melting point ~ Glass
(mole % HV)

transition
(0
10
8
6

Young's
modulus
(GPa)
35
29
19
15
12
07

(Lee, 19%)

Tensie
strength
(MPa)
40
3
37
3
R
3

16

Notched
lzod impact
strength (J m')
50
60
%

10
200
400

(Poiyhydroxyalkanoate, PHAS)
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256
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