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Isolation of Brevibacterium sp. CH1 and Properties of Its Enzyme
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A bacterial strain of Brevibacterium sp. CH1was isolated and used to produce an enzyme (nitrile
hydratase) necessary for carring out the bioconversion of acrylonitrile to acrylamide. The culture
and reaction conditions, and medium optimization were studied for the strain. The conversion yield
was nearly 100% with a trace amount of acrylic acid produced. The strain showed strong activity
of nitrile hydratase toward acrylonitrile and extremely low activity of the amidase toward acrylamide.
We sought optimum culture conditions for the formation of nitrile hydratase by Brevibacterium
sp. CH1. The effects of temperature and pH on the activity of free and immobilized cells were in-
vestigated. The nitrile hydratase of Brevibacterium sp. CH1 acted not only on various aliphatic
nitriles such as acrylonitrile, propionitrile and acetonitrile, but also on aromatic nitrile as nicotinonitrile.

otz olulo]| =& AR|4bdel A HFAA o $A
A2 Fes sH4He], 2diF o EEZA 5
o chokstA A= s glel,

olz Lolujolz o] AEFA AajulH e o|gL-
v okslel dojA= ritrile hydratase &4% ©]-8-3}
of ofadz U Eag AWIAIE
A2 Aol glet, AA,
Aolulolzof AMFhgo] ¥o}4(99.9%) =luks- o}
adzVEede #3457t 28830 34 9 A
Azzte] Zwksiet, A, F3ubsE AL W A
sloiA 4Pl g a, 13t 5o T4 Er
S 8735k onw Ax Fof T-2AAS ol
bgAde]l ot AAl, ofzHolw}o]

o

Hon
B
_L?J_‘
Ho
r)l
lo,

o

DA E A (selectivity, 99.9%) &2 mjgke] ofz
A olefe] FabEo] A glo] ERlge] &
A5 atErlol] A3 £ T ofadoelnt
£ 9% 4 9t

Nocardia, Brevibacterium, Avrthrvobacter,
Pseudomonas, Rhodococcus 5 o123 59 wellz]o}
7 E"S dgdo g g gt olnfolusf
stz Aoz HEA A 4 Qv AL dIag
t}(1-6), Norcardia | 213 oMHEV E"S] Ealy
A7} Digercimo Boll 9]3led A= det (1), Asano
52 nitrile hydratase 4% 7}A  Pseudomonas
chlororaphis & #2], &E2P49 kinetics & 73}
e, nitrile hydratase 7} ofa2™ 2V e, ofz
Holmpo] = wl AJeolite]zef o3 3| (ihibition)
S 33U TH(3, 4, 7). Fradet 5 Brevibacter-
wm Ad 2E-E] FZ3}o] —r—‘u“_‘—liﬁ_i A A nitrile
hydratase & °l£m_ﬂ-’?-x1i aA3ste], o] w43}
F4EF A4S il 23 F 240 =2
3] Zotujole A HS F38IACH(8).

A

23

T T O
e

U

Key words: Brevibacterium sp. CH1, isolation, nitrile hydratase, bioconversion, acrylonitrile, acrylamide

*Corresponding author



430

Brevibacterium sp. CH1 & F8d) B35 JEH
‘343—2}/‘]9']b FEAHE VEH f£3aHe F
Aol &4 E 7R el, Sl nitrile hydratase & 4+
A ‘45%_]% 2ol gsle elmfo]=E HWV]?]
F49 amidase & olvlo] =& 1o dj$3t= Ak
dRjelg WA= Aiolrl, olF Eiﬂ
e AAF] vbgAle g5 2
R-CN nitrile hydratase
ez +H.0

amidase R-COOH+NH,

+H,0 A

Nitrile hydratase | ®l&4°] amidase 9 ¥]Z4
2o Awds] 2] wlEel A 100%e otz HE 2]
E#o| olzHolnjel= @ A3sn|, n|gke] ofzd

Abg A9 Ak Aol ¢l

RS rlr o L do

°¥°
ol‘

R-CONH,
ofufol =

AEER uldle]] o3} ofamHolufolm o] AalS
S8l A nitrile hydratase & Z&lo] = o]dEE &
glaljo} ghet,

wpeta] B o Foll A= nitrile hydratase #4¢] L
+ Brevibacterium sp. CH1-& Heldtger] o 1
ol 4 nitrile hydratase & AAHs 3F wlz]2] 23
3t wlok o B F4e] wbgxAAY A3, AE

o4 Soll osh obolagiet,
ME W wy

3o 28

olzd 2 EdS AAsle gialel T4
(el H4E 1009 F4dsted 001g/l oladE 2]
E®, 0.5g/! glucose, 0.5g/1 bacto peptone 91 =4
9 wix]& 50m! Z3Eln 9= 250m/ flask oﬂ 4
HAF 25miE FHE3e] 28ToAlA 24 A7k Fk o)
stdel, A ejkl-E 01%(v/v) ol EEH,
2.5% (wt/v) glucose, 2% (wt/v) agar & 2 &3t
9+ agarplateo] A streakingdtol A A H
colony 2% ¥ nitrile-hydratase #4¢] &= TF
% FEstdeh

3 5 10g/! glucose, 3g/{ yeast extract,
LEgste
A4} 24 A|7}F E-ol wiokslodch, wHokd 1mil ¥

glsled 3% (v/v) olz¥2JE" I1mlE %3
3t 2= 0.1M potassium phosphate buffer (pH
700l Eold FUohAl abalEA 38 Fb 4T
A SAAM Eael AL FHFAD, o g

5
_E_

3g/l malt extract, 5g// bacto peptone <
=
_"}i_

Kor. J. Appl. Microbiol. Bioeng.

+ & AAH oz Helwlelze ¥Ei FID gas
chromatography (Gow Mac Model 750P)ell  ¢] 3} o]
=439 ch, Detector & injection ports & 2&&
77y 210C9F 180CE #ABYx, carrier gas +

helium-& AH&3t99 29 flow rate & 30m{/min ©)

o]
2A

—

Nitrile hydratase & o}z &Holnfoj= A4 &4
unit © 1% 1 gmol 9] ofzHolule]| =g A sl
549 oz Aot om, specific activity & &k
9+ units/mg of dry cells £ T35}, Cell AAL
spectrophotometer o] &3] =A3}9i o 610 nm o
A 10.D. ¥ 04mg/m/{dry basis) G},

rie

r

oz otnjoj=2| 2|

AR EAo] olzolulo|rglz] HE 2gld]
7] $lete] wREE dAldestd cell & AASIT
2 ojlg Yz &, euEE F%3)] infrared
(IR) 4% #Adl A2olAM AFARAAA T4
ARAE a3

Fig. 1. Brevibacterium sp. CH1 when grown at 28°C.
(a) after 24 h (b) after 3 days.
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Table 1. Characteristics of isolated strain.

(1) Shape and size of irregular rod before 24 h

cells culture, sphere after 3 day

culture (Fig. 1).
5-10x0.94m

(2) Motility none

(3) Spore none

(4) Gram staining positive

(5) Acid fastness negative

(6) Catalase positive

(7) Behavior to oxygen aerobic
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. Formation of gas
from saccharide I ——
Glucose -
Maltose -
Saccharose -

Lactose -

vh ek (45g ot Holute] =)ot 7w A (05¢
NN-methylene bisacrylamide) 5 Z5F4 40miol &
Qleh, o] folloll wet cell 10g-S Hrtate] FLsA
Ak Z0vh, He] Gelo] FulR 5% (v/v) B-dime-
thylaminopropionitrile 5mi¢t HAIAZ 2.59 potas-
sium persulfate 10m/& o] polymerizationA] 71
o}, olAke] RS- Zae] FARLE WA 4
3lod 4Ce] FF2ZollH st o Aat Fo] ut
E gel® 3mm ol3el Az AE F pH7
phosphate buffer &ofel] o] WY=abzie] =5t
o},

#3t 9 1@

TFEe 3

Nitrile hydratase &A% 712 5 5
A, BEE 55 A A =2 =
”—Pﬁﬂ"/l obg & ATl AREERACt, BAle] s

L FFe EAL Table 1o veht gk,

o] 3+ Bergey’s mannual of determinative
bacteriology (9)oll @&} Brevibacterium 2= § 3=
o] Brevibacterium sp. CH12.2 ===}, A&7
A Fde] 2o o#rtA FE52 nitrile

hydratase #4¢] ®|@7A 37} Table 2 vt 3l

gk o
o I'UlO

+#
Al

431

Table 2. Comparison of nitrile hydratase activity of
several strains.

Specific activity

Strain (units/mg dry cells) Reference
Pseudomonas 0.35 4)
Arthrobacter 1.6 3)
Corynebacterium 50 (12)
Rhodococeus 4 (5, 6)
Brevibacterium CH1 10 this work
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Fig. 2. Effect of temperature on growth and enzyme
formation.
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Fig. 3. Formation of nitrile hydratase during cultiva-
tion at 28°C.
% : cell mass, ¢ : specific activity

100}
153
< go}
z
=
°
g 60}
Q
2
2
3
2 40}
# Free
20F & Immobilized
0 1 4 i Y
5 6 7 8 9 10
pH

Fig. 4. Effect of pH on the activity of free and im-
mobilized cells.

(pH 5-6: 0.1 M phosphate buffer, pH 8.6: glycine-NaOH
buffer)
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Fig. 5. Effect of temperature on the activity of free
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Fig. 6. Arrhenius plot of free and immobilized cells.
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Table 3. Effects of carbon sources on the formation
of nitrile hydratase and cell growth of Brevibacterium
sp. CHL1.
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Table 5. Effects of organic nitrogen sources on the
formation of nitrile hydratase and cell growth of
Brevibacterium sp. CHI1.

Cell Specific Broth Cell Specific Broth
Carbon source growth activity activity Nitrogen source growth activity  activity
(1.5%) (mg cells/ml  (units/mg  (units/ml (1%) (mg cells/m! (units/mg (units/ml
broth) dry cells) broth) broth) dry cells)  broth)
D-Glucose §.74 4.03 35.2 Yeast extract 9.59 0.57 5.42
D-Fructose 10.34 3.57 36.9 Bacto peptone 2.82 6.24 17.60
Dextrin NT NT NT Casamino acid 3.76 2.16 8.13
Maltose 7.80 0.68 5.3 Complex* 6.90 5.10 35.20
Saccharose .04 1.53 6.2 Culture time : 24 h, culture temp. : 28°C,
Malt extract 0.47 11.50 542 basic medium : glucose : 1%

Culture time : 24 h, culture temp. : 28°C,

basic medium : bacto peptone : 0.5%
yeast extract : 0.3%

NT : not tested

Table 4. Effects of concentration of glucose on the for-
mation of nitrile hydratase and cell growth of
Brevibacterium sp. CH1.

Cell Specific Broth
Glucose conc. growth activity activity
(%) (mg cells/m!  (units/mg  (units/m{
broth) dry cells) broth)
1 6.9 5.10 35.2
2 7.1 4.96 35.2
3 6.5 5.40 35.2
5 6.9 4.35 30.0

Culture time : 24 h, culture temp. : 28°C,
basic medium : bacto peptone : 0.5%
yeast extract : 0.3%
malt extract : 0.3%
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*complex : bacto peptone : 0.5%
yeast extract : 0.3%
malt extract : 0.3%

Table 6. Effects of magnesium concentration on the
formation of nitrile hydratase and cell growth of
Brevibacterium sp. CH1.

Cell Specific Broth
MgS0,-7TH,0 growth activity activity
(g/l) (mg cells/m!  (units/mg  (units/mi
broth) dry cells) broth)
0 7.1 4.96 35.2
0.05 6.9 5.10 35.1
0.1 7.0 5.02 35.2
0.2 7.0 5.02 35.2
0.3 7.0 5.02 35.2
0.5 7.0 5.02 35.2

Culture time : 24 h, culture temp. : 28°C,
basic medium : glucose 1.0%
bacto peptone : 0.5%
yeast extract : 0.3%
malt extract : 0.3%
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Table 7. Effects of inorganic compounds on the for-
mation of nitrile hydratase and cell growth of
Brevibacterium sp. CH1.

Cell Specific Broth
M tal ion growth activity activity
(1x10-3M) (mg cells/m!  (units/mg  (units/ml
broth) dry cells) broth)
None 7.1 4.96 35.2
CoCl, 0.2 NT NT
MnSO, 0.2 NT NT
FeSO, 3.7 4.38 16.2
CaCl, 7.8 111 7.04

Culture time : 24 h, culture temp. : 28°C,
basic medium : glucose : 1.0%
bacto peptone : 0.5%
yeast extract : 0.3%
malt extract : 0.3%
NT: not tested

Table 8. Substrate specificity of nitrile hydratase of
Brevibacterium sp. CH1.

Nitrile Specific activity Relative activity

(units/mg dry cells) (%)
Acetonitrile 3.1 31
Propionitrile 11.0 110
Nicotinonitrile 11.3 113
Acrylonitrile 10.0 100
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