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Introduction of Biocatalysis into Chemical Industry

Toru Nagasawa

(Department of Biological Function and Genetic Resources Science)

Microbial processes for industrial production of commodity chemicals are rapidly

gaining practical significance for preparation of high purity products, in an environ-

mentally acceptable manner, while realizing energy savings. The use of bacterial nitrile

hydratase for industrial production of the important chemical, acrylamide, was recently

pioneered in Japan. We review here the enzymatic production of acrylamide and recent

progress in the production of other commodity chemicals through microbial processes.
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Halohydrin epoxidase

H,
——» D-Fructose

Chemical reduction

Outline of the Cetus process.
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Table 1 Comparison of three kinds of biocatalyst
Rhodococcus Pseudomonas Rhodococcus
sp. N-774 chlovovaphis B23 rhodochvous J1
Tolerance to acrylamide (g/L) 27 40 50
Acrylic acid formation very little barely detected barely detected
Cultivation time (h) 48 45 72
Activity of culture broth (units/ml) 900 1,400 2,100
Specific activity (units/mg cells) 60 85 76
Cell yield (g/L) 15 17 28
Acrylamide productivity (g/g cells) 500 850 >7,000
Total amount of production (ton/year) 4,000 6,000 30,000
Final concentration of acrylamide (g/L) 20 27 40
First year of production 1985 1988 1991
Acrylonitrile
and water
% i _
Manufacturing Hydration Separation Separation Removal ! Acrylamide
of = reaction | > of —> | of unreacted| = | Decoloring | = of — fConcentration] = product
catalyst at 100°C catalyst acrylonitrile Cu-ion
b |
Cu-catalytic process
Actylonitrile
and water
Cultivation & % Hydration Separation ) ) Acrvlamide
immobilization = | reaction = | o gatal st — Decoloring | &—————— [oncentration = r);duct
of bacteria below 10°C ¥ P

Microbial process

Fig. 2 Comparison of microbial and conventional processes for acrylamide.
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Table 2 Comparison of three kinds of nitrile hydratases
Rhodococcus Pseudomonas Rhodococcus
sp. N-774 chlovoraphis B23 rhodochrous J1
Molecular mass 70,000 100,000 505,000
Subunit molecular mass a 27,000 a 25,000 a 26,000
£ 27,500 £ 25,000 £ 29,000
Metal Fe(lll) Fe(1ll) Co
Optimum temperature (C) 35 20 35-40
Heat stability (C) 30 20 30
Optimum pH 7.7 7.5 6.5
pH stability 7.0-85 6.0-7.5 6.0-8.5
aliphatic &

Substrate specificity

Activation by light irradiation +
Formation type
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Methane monooxygenase
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2CO, + 4H, —— CH,COOH + 2H,0 (5)

27 ) == 7z k- TF 6Lz Acetobacterium BR
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NN

2H NADH NAD"

H,C——CH2CHs

O2 H20
CHa4 %CH;&O
/)
NADH NAD" PQQ
O2 H20
CHs3-CH=CH2 _\_/_>
NADH NAD?*

Fig. 3 Oxidation of methane and propene by methane conooxygenase.
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JHa(6)) 30, B A ST L A B L2 T
étbmﬁﬁm##ﬁﬂ§n,iﬁ%#T8ﬁ%ﬁ
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EEZ T 5,

HO HO
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KE 5, Ensley 5% Fig. 4 » L 512, Pseudomonas
NDFT7EVLPAXLT—XERBREHICRIAI Y
AP TDERERDT B, F7 7L > 4%

EHMEDLETIE~OHA 75
CH,CH(NH,)COOH
| N\
N
l Tryptophanase (E. coli)

= l N\
AN N
l Naphthalene dioxygenase (cloned)
OH
B
N

l Air oxidation

<1

Indigo

Fig. 4 Production of indigo by E. coli carrying a cloned
naphthalene dioxygenase gene.
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