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Characterizafion of Nitrile-hydrolyzing Enzymes Produced from Rhodococcus erythropolis. Park, Hyo-
Jung, Ha-Joo Park, Ki-Nam Uhm', and Hyung-Kwoun Kim*. Division of Biotechnology, The Catholic Uni-
versity of Korea, 'Equispharm, Ltd. — Ethyl (S)-4-chloro-3-hydroxybutyrate is a useful intermediate for the syn-
thesis of Atorvastatin, a chiral drug to hypercholesterolemia. In this research, two 4-chloro-3-hydroxybutyro-
nitrile-degrading strains were isolated from soil sample. They were identified as Rhodococcus erythropolis
strains by 16S rRNA analysis. The nitrile-degrading enzyme(s) were suggested to be nitrile hydratase and
amidase rather than nitrilase from the result of thin layer chromatography analysis. The corresponding genes
were obtained by PCR cloning method. The predicted protein sequences had identities more than 96% with
nitrile hydratase a-subunit, nitrile hydratase p-subunit, and amidase of R. erythropolis. The 4-chloro-3-
hydroxybutyronitrile-hydrolyzing activities in both strains were increased dramatically by e-caprolactam
which was known as good inducer for nitrile hydratase. Both intact cells and cell-free extract could hydrolyze
the nitrile compound. So, the intact cell and the enzymes could be used as potential biocatalyst for the produc-
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tion of 4-chloro-3-hydroxybutyric acid.
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CHBN 2l MikZe| B

TFPO2RE Lo FF 11709 BokellA 2=
o5 ONE evkZesto] ArMd LBA|ellA 48247H8<t
Hiefstel dAlE 93, ol F FAZF AW CHBN 3 &4
£ FA}EIgICKTable 1). TAS o] 88t E4UR-S 30°Co|A

4x7F Bt peEla Bt a EntE s E o] &3iA =3
—‘?—‘4% 3yt A3, F 1908 FF FellA 3707} CHBN
7148 F3ll3led (CHBACYE A= 722 g5 3 vh(Table
1, Fig. 2). o] FellA] 7]A Eal&Ale] 3 AqHA ] A=
25 No. 59} No. 70l disfjr] A5 A< 2asiad.

B2 FF No. 52 No. 72] 16S rRNAY i3t G744
(~920 bp)S EA 38 A3}, = v} Rhodococcus T2 168
RNAS} v 52 AFsAlS Jehllon], B3], R erythropolis
EPWF2] 16S rRNAS} ZH2F 99.9%, 100%2] AHsAdS B
“HFig. 3). o] AAZ2RE E2|dFE I Rhodococcus
erythropolis No. 5%} Rhodococcus erythropolis No. 7%
35191},

R. erythropolis @ 312 EL 3|=zfelolA| 9} ofn]c}
ofAlel]l St Bi17} ofm] QIsiA|H(4, 8, 11] YELHetAlel| o
A oA 7bA] BRad wirl 7] well, 2l
CHBN #3242 Y ER s|=glefoln| ¢} ofn|ctolle] 2}
Bl 7]elgh Aoz A3

BalEFe oSy

BT wiekAl el uhE Ea4 AR #s] ¢

OH nitrilase

NH2

1 2 3 4 5 6 Ac Am Nt

Fig. 2. Screening of CHBN-hydrolyzing bacterial strains. Cul-
tured intact cells were mixed with CHBN substrate and the mix-
tures were reacted for 24 h at 30°C and analyzed by TLC. Lane 1-
6 corresponded the reaction mixtures made by Rhodococcus sp.
BZN6, Rhodococcus sp. BZN34, No. 5, No. 7, PI33, and No. 12-
A, respectively. Ac, Am, and Nt mean the standard compounds of
CHBAc, CHBAm, and CHBN, respectively.

A ek Eedeto] A LR LBuiA] oAl 484751t vk
A 647 7&7%‘_1 MEZ3] 3] v|AE A2 CHBN
714 BalgAS EAslgel. o A9, 18417F oAb wjoks)
okl FA (4 mL vkl slg== Ay vkgel AL
48 71- (10 pLys 25 A2 Asle Zlo] FelEgic
FF&. BlAA]).

FTTe freEdle mE 54 8y ARE 2P
sl MEUELD ez 2 2iets Hrlsle] ReldS )

M —® ECHB - »  Atorvastatin

NHQ\ /r;dase
OH @]

Fig. 1. Two pathway of CHBN hydrolysis. CHBN can be hydrolyzed to CHBAc either by nitrilase or by nitrile hydratase/amidase.

Table 1. Microbial strains converting target nitrile compound.

Strain nitrile conversion

Strain nitrile conversion

R. equi KCTC1298 -
R. erythropolis KCTC3483/ATCC27854 -
R. rhodochrous KCTC9086/ATCC13808 -
Rhodococcus sp. KCTC9141/ATCC21093 -
Rhodococcus sp. KCTC9561/ATCC19070 -
Rhodococcus sp. BZN6 ATCC39484 -
R. rhodochrous Zopf ATCC33278 -
Rhodococcus sp. BZN762 ATCC39485 -
Rhodococcus sp. BZN34 ATCC39492 -

Alcaligenes faecalis KCTC2678 -
Alcaligenes eutrophos KCTC2669 -
LS31 (Isolated strain, Rhodococcus) -
N'4 (Isolated strain) -
N41 (Isolated strain) -
PI33 (Isolated strain, Rhodococcus) +
No. 7 (Isolated strain) +
12-A (Isolated strain) -
12-B (Isolated strain) -
No. 5 (Isolated strain) +
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No. 3
No. 7
R. ervthropolis
R. marinonascens
R. equi

R. opacus
R. percolatus
R. fascians
R. rhodhnii
R. ruber
R. zopfii
R. coprophilus
R. rhodochrous

R. globerulus

Nucleotide substitution (x100) 1

Fig. 3. Phylogenetic tree of isolated strain No.5 and No.7. The 16S rRNA sequence were analyzed and compared with nucleotide

sequence database using BLAST program.

klodvt. Feldg 30°CollM 48~17F Eb vkl v &
A2 CHBN ¥3i34& A A3, evfZasigds
71 Zells Eal o] Vel o), Wiz EYR A
7Fta A, & o AL iAo A wioFel Aol B3l
Aol A3 vehdA] elstek(Fig. 4). o] AL e7hzRed
o 2J3jA CHBN 7] E3f F4o] o] frsolxlvke
g HelFlet

LIEY 7[E Rdigacl &
R. erythropolis No. 52| 7}-%-oll= CHBN 7|4 o] 3=

No.5 _ No.7

1 ) [ 1

123 456 7 89 10 11

Fig. 4. Enzyme induction by e-caprolactam. Strain No.5 and
No.7 were cultured in the presence of benzonitrile (BN) and/or &-
caprolactam (g-CL). And then cultured intact cells were tested for
their CHBN-hydrolytic activity. Lane 1 and 8, none; lane 2 and 9,
BN; lane 3 and 10, e-CL; lane 4 and 11, both BN and ¢-CL; lane 5,
6, and 7 corresponded to CHBAc, CHBAm, and CHBN.

A} AF AAE(CHBACK 3 oln|= AWAE(CHBAm)O]
FAS ¢ (Fig. 4, lane 4), ol YEZ 7jAle) Raut
ol oM FAFNE JEHEAZ} opd EY 3| =gle}
obA| 9} ofn|felA| o] 28-41-& W th(Fig. 1).
FeEFe] FAE 2ETH7IE AT AR &
S4 B3ls B8 BEog vy F Zhzbe) B bg
CHBN £384S 2ARsIsich. T4 5 ol 48 73-9-¢ vl
T2 F REo A 2% CHBN Ha|gAdo] sasglon,
E3), 284 28oM= CHBAmM7} F8lo] A= gichFig.
5, lane 4 and 8). ©]71-& R. erythropolis No. 59} v}z1714]

No.7 No.5
{ T T 1
C ] ,T S, P C T 8§ P AcAm Nt

1 2 3 4 5 6 7 8 91011

Fig. 5. Enzyme activities after cell lysis. Strain No.5 and Ne.7
were cultured in the presence of e-CL. Cultured cells were lysed
by sonication, centrifuged and then tested for their CHBN-hydro-
Iytic activity. C, intact cell; T, total fraction after cell lysis; S, sol-
uble fraction after cell lysis; P, insoluble fraction after cell lysis;
Ac, Am, and Nt means the standard compounds of CHBAc,
CHBAm, and CHBN, respectively.
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Z R erythropolis No. 79| 790 = JEZ 3| =ele}ol]
o} ofujctolAlel] 2)siA L EY 7)ae] FallFHo1A g Hed
TSt =3, o]gt b opu]vlolAl7} 284 £ R
T 84 el ol Z3He] &S ovlslielnt.

=3, GC ¥ME T3M 84 ¥39) CHBN 7|2 £
3 A=E o2 SAsk(Fig. 6). ¥ No. 79
T84 F=e] Rl No. 59 Hfll vls) 714& AJeiH
22 wE2A Fafshe A eE vkt o] 72 Felit No.
79] YEZ 3] =etetobale] AYAkFe] 2ld No. 59 wls]
AAHeE Wt EAe) o] %7 dEelet A=

LIEE 7|2 Edligs RUX 224

R. erythropolis No. 58} R. erythropolis No. 7 T°|
CHBN 7|2| Ffell Hefsh= o2 odAtEE EH 3]
EetetotAl s} elnjttolA] FAALE AL YRS e}
3 ol AR A7IM B E)lEl] $siM PCR €24
< sl

R. erythropolis T2-EHXE] ¢o|n] Ry EY 3| =gle}
oAl a-MBfAHES] BAHAUE I ofulcfold] FAIALE
Hl3EAEked [4, 8, 11] PCR ¥h-S 3i3)] $13 Zelw &
Aztepar Felite] Al gk PCR uH-& e A
3, A4 =27]9] DNA 27+5 97 =1} 828 DNA
z7ke] d71Mde EAHskaL 7180 a9l wlas] & Az,
2 No. 59 Y EH F|=gfetotd] oM BAHES} A

Nitrile {(mg)

Reaction time (hr)

Fig. 6. CHBN degradation with time course. The degradation
rate for CHBN by the cell-free extract were analyzed by GC.
CHBN (25 mg) was degraded by cell-free extract (17 ug protein)
of R. erythropolis No.5 (@) and by cell-free extract (14 ug protein)
of R. erythropolis No.7 (O).

BHUE 2 olutdold]= 7)E EA(AAPST640, P229834)
2} 247t opulicate] 20, U, 1704 2lolE BedA 99.0%,
99.5%, 96.7%2] A&AS AW} B2l No. 72 75l
= 242 170, 370, 16708 ko] & Bl A] 99.5%, 98.6%,
96.9%2) AHEA1S BStH(Fig. 7).

A7) B JEY 3 =elelolAe] oA HfHES}
BAEAHELS TA7)d3 Agle] frakst ofnjxeal MY
< 23 Qlv}. B3] o AERH Bl Fol 2 Agsh=

1 69 137 163 207
A | — L 1 [ 1
AAP57640 L— Df v T ]
No. 7 I 1Dt TIAL TATC |
No.5 [ JEL B 3

B 1 125 158 177 212
L k. 1 1 il
211
AAP57641 — s | = e 1Al
No.7 C— owepvan NV i TR T GRS Al
No. 5 T — 1| i ] e | = o—

19 24 62 164 301 367 435 483 521
C | I T — ;I | [ L1 ] L L 1 1

13 65 307 509

p22984 LKOIADKT CIADSCT 1R JAITI I IKE RH OERASNE

No.7 ONOTOIQS E3707C— 1p—

1ATA LI NE=IKTE DHISD ©

No.5 ONBTIQSCITUTL P

—JEDAL 1L INC=IKTO DHISD 4

Fig. 7. Protein sequence alignment for NHase o-, 3-subunit and amidase. A, NHase a-subunits of Rhodococcus No. 5 and No. 7 were
compared with that of R. erythropolis (AAP57640). B, NHase -subunits of Rhodococcus No. 5 and No. 7 were compared with that of R.
erythropolis (AAP57640). C. Amidases of Rhodococcus No. 5 and No. 7 were compared with that of R. erythropolis (P22984).
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9 Fod3l= Cys-Xxx-Leu-Cys-Ser-Cys2] HEH9]E 7kl
ATt o]uf Feol2o] HAEeh= Tt Xxx A ofn)i
Al Sero] @11, C0°1—¢-°] A3t 7%l obxAt Thr
o] Yehlx= Aoz e FH 6] R ervthropolis No. 52}
R. erythropolzs No. 7 78 oA BFUE 7%= T3t
A (0HKFE] 1158712l Cys-Ser-Leu-Cys-Ser-Cys A1
do| et e, o[ AL & o Feol 23 A= &
24E HeEt

ARz 2 dTedMe dFqoAM Lo 45
Bk Fe|do=HE CHBN T3l&84d e Ad & 7 &7
Fhopfglony, o]5 oA CHBN®| 3|33l & 043 =
Ao APEE YEY d)=eletolr| e} olutolx] Eas
AAE E2dste] grsloln. gkoz FrhH<l ‘ﬁ:rLE S
8 AMzxg B0 dEpAl EAvNERE edlshd, 1Y
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3-hydroxybuyrate—4 Akl AARS 2 = 9lg Hlos
Ay Zr= e}

P

:io

o 13
i) b |

7% W EY 3FE 71 ookEe] $AO AMEE
43t *73?71}21] ojt}. B dFoM EoF el FollA 4-
chloro-3-hydroxy butyronitrile(CHBN)7| A 2 F-E] 1x|¥Z

A ZA) ]l Atorvastating Al dloff H 23 4-chloro-3-
hydroxy butyric acid(CHBAc)E A3 = o5 2575 A
W3liet. 16S IRNA 4 F34 & §495 e84
2}, 2% Rhodococcus erythropolisdll 43 7102 9%
o TLC ¥4 ZA#2XHE CHBN 7|AS Eist= &4
= Y EH 3|=zlelolAll (NHase)$} ofv|clolA] (amidase)sl
Ao FA=vl. )] CHBN Fite e7lZae
Eal"ﬂ ofejA] whedo] Frwgi o, FAlet HE FEHoM

7 71 B g S el 7186l Bagl B4l f
z%z} A7\ NG2NE] el E A|Z5)IL PCRE T35z
A FelFl 2 NE] YEY s|=elelolls) ofn|dtelA| A
A2 R =Hivh B AR M g-S B
Az}, olu| BAIY Rhodococcus erythropolis?] VER $|=
geftold] a-MEBERHES BAEFUE 9 opu|rtola) o}
96% ol/4e A5AdE Bolvth wEkM CHBNZ 1AL E=iv
2] YEZ sl=glelolA] g} ofujrtolA] Rirol ofsjA] o}u]
(CHBAm)Z A& AHCHBAc)SZ A 3E= AL oA 5
et

#HAtel =
B A7E W 27 ZEEle] v ERAARETIE

7H*’a‘/\}°dﬁbl 212 (MG05-0304-1-1)3} 200551 % 71 E=)v)st
I R ATH)e) ARJOR. o] Fo] Fom, e]ef] ZAL=R U,
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