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NaCN + NaOCl — NaCNO + NaCl
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ZOEE%10,000X g, 20 min®DELIZ & - TH

ML 7o BAXLAHRE

93

0mM ") > EERRHrifi(pH 7.6) IiE M L. 0.4 M NaCl/S0 mM ) >

R AR 1l iti(pH 7.6) T kL 7:DEAM7# 7 A(YAMAZEN, Co.)

i L7 R L7

H#%0.5 M NaCl/50 mM ") >~ BE#%# iti(pH 7.6)

P L, A CAAF D 1.8 M (NH4)2S04/50
mM") > BRI (pH 7.6) 2 M 2 720 & O HZ0.9 M (NH,),S04/50 mM ) > Bk flirifk
(pH 7.6) T F-#{k L 7-phenyl-TOYOPEARL 650 % 7 A (TOSOH, Co )l Efif L7ze 2D %

a2 BEEE

T LA L2 BAK DS B, (NHy):SO4 D HEHY0.54~0 M T

L,

tD1 mM ) >~ BT (pH 7.0) %

ML7ze ZOFEBEImM) > Bk

(pH 7.0) T¥- 1L L 7-DEAE-TOYOPEARL 6507 7 A (TOSOH, Co.) (=& L 72 Wei5 L 7=

HEHAZ0~1MNaCIOARI & o THEH L 72 DD 2 5HZELL T, 03M

NaCl/l mM ) >~ Beskfirifi(pH 7.0) TFE{L L ¥ 7238 4 b # T L (Macro-Prep

) ¥ BRIl mM~250 mMOARIZE - T

ceramic Hydroxyapatite: Bio-Rad) (2 8

gL, > FEEDH 2 TE MR ST TUomBERE L
2—2-5 YNViEAKILG
WBENITT > =) TR

BT Ak, PEERER

72 FEMERNIZ. 0.3 M NaCl/50 mM Y > BEk i fi(pH 7.6) %

12




DPFEIZ, 50mM

TIOmMICR 5 X7 {EH

— Vg% o R4S DRI,
2B, COBEDYT 7 GRIEEO] unitld,

HOFRMHFTIminill pmolDT ¥ E=TEMET LD A HAEEE 7
2=-2-7 VTVORMERONKR
YT GWBEEICOWT, EEREDS L UERpHOMRH 1T o7, & 2V

ThE, EMER S 7 bR Y 7 A10 mME G50 mM Y > 8

FUSTREE £ 15C 2 545 COFEE THIE L

50 mMk O BRRR B P TiT o 22, Wt

¥

LA (pH 7.5) 7 TIT v,

> 2

7eo 7o, EMpHIZDWTIX, pHZ62°510

I TIT 2 720

30T TATv>, pH6~8IZ50 mM Y >~ REREMH T, pH 8~10i%

DRES RET BT ¥ EZT RIS

HEMEE R

) —2—8 SDS-PAGE
F P VREEF P A—FEY T2 ULT I FE

-10% REREE ) T

iit(SDS-PAGE Molecular W




S
s 38), ¥M7 L Ko E(EC 1.2.143)%
EMT DL K

3 - DRIE

A9 % THOYKE

4T o720 48 hODHE

*
c
=
&

ORI T ¥ T A

TIT, WAL G % ARSRAREE (C X D HIgEL . o

TWa I LR S iz,

T ¥ DI IEE O & A H (AK6LER) 28R L 720 & DAKGIHRD 4 BRI ER DS 3 %

Table 2-2127RF o TOFkIE, 7T ABRMOLF AR E

EFHRGEC L 2MBOBRPS, COMBICIZIMERA S AT (Fig 2-2), JEEH %

ThoHI LHWeE i Pseudomonasi®, Alcaligenes®

hole YT 23T MM

COVTHEDNALNLS, KnowlesHiZ, &7 » %

3 & U Bacillus'&

% 3 % P. fluoresens NCIMB 11764 % 58 L TW23(17). T 7=,

“TEXRCTWT S T, A. xylosoxidans subsp. denitrificans DF3 & B. pumilus

FERI,

9 5 Pseudomonas, Alcaligenes® X UFBacillusi= 8 = %\ &

14




CLHTFRENS

AK6IHRIZ X B ST 74 STy et VR
AR b s ZAK61HRIZ, DYT ¥ 5k

T,

Ehb,

VL& F % P. fluoresens

NCIMB 11764 D07 & 1587 Z

SN STy =




=¥ 4 LZ#E D 5, P fluoresens NCIMB 117645 &

unit® > 7 7 53
PEi254.6 unitmg1 & 2 1) |

Table 2-3)

ZIMBIOT I /BEENOAD

Gin-Ala-Ala-Pro-Val-Tyr-Leu-Asn-Le

Asp-Ala-Thr-Val-Glu, = #Li,

MRS kDaD IR OFE ) <7 F VLB EN I RAR




Z100kDaThH o o720

2—3-5 VT VOBEEEOD

5 e () B ATT

WMUSNIMEOYT Y ISHNT BKnk

T 7 OMMREE0.6 mMA» 5

10 mMOFEFR 12 35 1) 5 #18 USH#FE A S Lineweaver-Burk 71 » b % {ER L 72 (Fig. 2-8)

IOTTy b, YT 7 OWMREE0. mMA 5 10 mMOGER TEMAE O, o

MEDTT 72T HKyiE 1T mME K

Doz, RREPOMBENACTIERT

YT T Kyl E10mMELE T ) | AL xylosoxidans subsp. denitrificans DF3

BLUB. pumilus CID GRS 722

“OMEDTT Vit

L [GHEHE

D60%LA | % RFF L

holz, 72, ZOMED




pHIOTIR > 7 ¥ 67 7 E-

N, A YEZT BEA A Z 3A5C INTWa, I

#iZP. fluoresens NCIMB 11764048 8 % & 52

L SN S

AKOIBRIC X B2V 7 Y OGRS A E LTFRBICEBL. 7

YEMEDFROREEE

i

WIREEDWEME S 7 > OFAE T TIE, NADYIZY 7 ¥ £#4 L. 320 nmfiH i icBAWRIL %

o k) hbh@0), Z2T. RO 7 »iBEE%E

CRIEHMTHROXREET

2-1ERT TYE=TIZ, WY TVi

4%

BE(CH L THBIRIC R4 L

FREREE S 91 > 7 VREEIC

wELTHML, >7 > RS ThoIEDHPDHLN

5. KEER

CORELE . AKIHKEP SRR SAREER,

DF33 & UB. pumilus C17* 5 #§

% i 5 =




FiILL100kDall ETHH ., 27

¥

xylosoxidans subsp. denitrificans DF335 & UB. pumilus C1

ZTNEN26TCTL

371CTHo7:(23,31)0 T/, AKOIED SRR S LIS

y—¥ik, 188

o

NTWE I ENFHEPDO LN T WAL, A xylosoxidans subsp.

denitrificans® X U°B. pumilus CI* A SN2 o T T AL

2. Jea b 7
K57

SonFioRE 2 20EE L UEEO

RMERLIT VIV FI9—¥0 L) 2 1HiH0

AK6 ¥R £

EAHIR, TORIETOZ70—= v VR KEBHAOMELZTT I B4, HHESEORY)

TSR

MR ENEEARL W 70—V VT AREMETHEL, 2u—=v

e EBESHITH

2—4 %8
ST Y SRR O Y
LR

THTHHMBAKG 1 #k %




COBEREMET 5 R RTF FOANEFNENR L 2

e Hifz, b5, A xylosoxidans subsp. denitrificans® X U°B. pumilus C1H]

WL LUBHOFR ) RTF FrOBRENT

WAEDIIZH L, AK6IHIROBERIZITEHOR ) RTF Fhr ok E Tz, AWF%E

S NABER, HEORIRTF FhofshTwacn, 2u—=r7%

KB R OMEL & HThHEEZLNI,

=

AKGIEA HIREED > 7 VIS L TREMTH L2 e H 6, MHENLBHIBEDS T >

gull Y

20




(&

T 1 Mad
VeSO, 7H0 i
.01 g
Na( 0.( l
0 |
0.2 mg
U.2 mg
51 2 g/l
Tryptone (Difco 1 g/l
adjusted at pH 7.6
TYG Agar
Tryptone 5 g/
Yeast Extract 5g/

Glucose g/
KzHPO4 12H20 1 g/
Agar 17 g
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Table 2-2 Physiolog

>al tests for identification of strain AK61.

Tests Results Tests Resi

Gram stain — Growth with glucose

shape rod arabinose —
Spore 4 mannose =
Mobility = mannitol

OFF test o N-acetylglucosamine =
Oxidase + maltose -+
Catalase t: gluconate =
Nitrate reduction o caprate =+
Indole fermentation — adipate s
Acid from glucose — malate 15
Arginine dihydrolase = citrate ek

Urease
Hydrolysis of gelatin
of esculin

7 -galactosidase

phenylacetate

Growth at4C

at41C

22




Table 2-3 Purification of the cyanide-degrading enzyme from strain AK61.

Total Total Specific
Fraction protein activity activity Yield Purification
(mg) (unit)* (unit mg!) (%) (fold)
Cell extract 164 182 1.11 100 1.00
DEAM 1.41 472 335 26.0 30.1
DEAE-TOYOPEARL 650 0.78 345 442 18.9 39.7
Hydroxyapatite 0.43 233 54.6 12.8 49.0

*: 1 unit is the amount of enzyme which catalyzes the formation of 1 x mol of ammonia for 1 min




(_ Ammonium sulfate fractionation j

JL 35~45% saturation
\
Clun exchange column )
N DEAM column (YAMAZEN)

V\ ] fractions eluted by 0.45~0.5 M NaCl
/

\
V
(H_vdrophobic column )
Phenyl-TOYOPEARL 650 column
(TOSO)

\J fractions eluted by 0.54~0 M (NH4),SO4

(lun exchange column )
DEAE-TOYOPEARL 650 column (TOSO)

fractions eluted with NaCl gradient from 0.15 M to 1 M

C Hydroxyapatite column )
Macro-Prep ceramic Hydroxyapatite column
(BIO-RAD)

\
\ '(

Purified enzyme

Fig. 2-1 Procedure for purification of the cyanide-degrading enzyme.
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Time (h)

Fig. 2-3 Growth of strain AK61 in isolation medium including 1 mM
cyanide. Symbols: I, optical density; @, cyanide concentration in
growth medium; O, cyanide concentration in control medium
uninoculated.

Cyanide concentration (mM)




Concentrations of cyanide

and ammonia (mM)

1.0

0.8

0.6

0.4

0.2

0.0

- 3

"

: 3 - £

2 e L
6 8 10

Time (min)

Fig. 2-4 Degradation of cyanide by whole cell. The reaction was
carried out in 50 mM phosphate buffer (pH 7.6) at 30°C. Symbols:
@ and M. cyanide concentration and ammonia concentration,
respectively; O, cyanide concentration in a control experiment.




Cyanide concentration (mM)

0.6

0.4

0.2

0.0

Time (min)

Fig. 2-5 Effect of cyanide on the induction of the cyanide-degrading
activity of strain AK61. Symbols:@, cell grown with 1 mM cyanide; Ill,
cell grown without cyanide; O, control experiment without cell.




kDa s

97-4 = -
66-2

45.0 3 =
31-0 —
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144 w £2 -

Fig. 2-6 SDS-PAGE of steps during the purification of the cyanide-
degrading enzyme from strain AK61. Lanes: 1 and 8, molecular mass
standards (rabbit muscle phosphorylase b, bovine serum albumin, hen egg
white ovalbumin, bovine carbonic anhydrase, soybean trypsin inhibitor and
hen egg white lysozyme); 2, cell extract; 3, salt-out; 4, DEAM elute; 5,
Phenyl-TOYOPEARL elute; 6, DEAE-TOYOPEARL elute; 7,
Hydroxyapatite elute.




Molecular weight

T

Lovasl 0 0 vl

| 1 L 1 L

()

5 6 7 8 9
Elution volume (ml)

Fig. 2-7 Size determination of active form of the cyanide-de grading enzyme.
Molecular weight standards were ribonuclease A (RNase), chymotrypsinogen A
(CYM), ovalbumin (OVA), bovine serum albumin (BSA), aldolase (ALD), ferritin
(FER) and thyroglobulin (THY). Arrow shows elution volume for the cyanide-
degrading enzyme.




1/v (mg unit h

0.10

0.08

0.06

0.04

0.02

0.00

-1.

=0.5

0.0

0.5
1/S (mM™?)

1.0

155

2.0

Fig. 2-8 Lineweaver-Burk plot for cyanide degradation by the purified
cyanide-degrading enzyme. Reactions were carried out in 1.4 ml of 50 mM
phosphate buffer containing 2 x g enzyme and various concentrations of

cyanide at 30C.
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10 15g 208 25 30, 35,40 ;45 50

Temperature (C)

Fig. 2-9 Temperature optimum for the cyanide-degrading enzyme
from strain AK61. Assays were carried out in 50 mM phosphate
buffer (pH 7.5) containing 2 x g enzyme and 10 mM cyanide.

w
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({,.; )

Relative activity

120

100 - .
60 4 A |

20 | .

Fig. 2-10 pH optimum for the cyanide-degrading enzyme from strain
AK61. Assays were carried out in 50 mM phosphate (@) or sodium
borate () buffer containing 2 z g enzyme and 10 mM cyanide at 30C.




Concentrations of annmc

and formate (mM)

0.0 0.2 0.4 0.6 0.8 1.0
Initial concentration of cyanide (mM)

Fig. 2-11 Production of formate and ammonia after de gradation of
various concentrations of cyanide by the purified enzyme. Reactions were
carried out in 50 mM phosphate buffer (pH 7.5) with various
concentrations of cyanide at 30°C for 30 min. Symbols:lll, ammonia
concentration; @, formate concentration.
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i+ & LT, E coli XL1-Blue MRF(A

(mcrA)183 A (merCB-hsdSMR-mrm) 173 endAl supE44 thi-1 recAl gyrA96 relAl lac [F proAB

lac'Z AM15 Tnl0(Tef)] ) (Stra )3 & U°E. coli XLOLR (A (mcrA)183 A (mcrCB-

hsdSMR-mim) 1 JA thi-1 recAl gyrA96 relAl lac [F proAB lacFZ AMI5 Tnl0(Tef)] A°

oo $/5, YOV TRORZF—ELT, 7FRIF

Su’)(Stratagene Inc.)

pBK-CMV(Stratagene Inc.) Z /] L 72,

3-2-2 YT¥IeF75—EDT I/ BEFIORE

B2WTRLAHETAKOIRD LY T YV F 7 ¥ —E il LR

0.1 mg)%04 ug') ¥ VI.» FRTF ¥ —+H(Takara shuzou)iZ & - -
0.1% SDS % % £+40 mM Tris-HCI (pH 9.0)1 T, 37CT6 hff o720 L ENzRTF F

% 1) ¥ ¥SDS-PAGEIC X o THBEL 7z. } ') ¥ ~SDS-PAGEIZ, Schagger® ®fikic
E>TI6%RT 2 VNT I FELVERWTIT272(45) ZOHBEL2RTF FE 7 v{bLE
) £ 7 7 (PVDF) B (Immobilon-PSQ: MILLIPORE)IZ F 7 Y A7 7 — L, 0.2%

"

Coomassie brilliant blue R2S0THefa L 72, SRS NEXTF FITR ICOWTNERED

TI/BENEZXI P aREFIBLAET I /By — 2 = 74— (LF3000 Protein

"TRE L,

Sequencer: BECKMAN)

L7273/ MAEYID ) 5. Ala-His-Tyr-Pro-Lys-Phe-

Lys-Ala & Met-GIn-Val-Ser-Val-Ala-Glu-Gln D&EF| 2 b &£ IZ LT, #h

1 5-GC(C/

G)CAGTACCC(C/G)AAGTTCAA(A/G)G-3' £ 5-(C/G)TC(C/G)GC(C/G)AC(C/G)GA(C/
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G)AC(A/G)CGCAT-3D 7547 —%2&H L1z

77 3 #(PCR)%Z {7272, PCRIZ, 94T T1 minDZ% SOCTI min®D7 =—

7. 72 {7 V%E30BHT 272, BB, AK6LERD T/ 2

v 7. 72CT1 min®

. Sambrook 5 @ > TR L 7:(46). 1%

i % Geneclean II Kit

% = »-dUTP(DIG DNA Labeling Mix 10x konz

BIO 101, Inc.)

Boehringer Mannheim GmbH) % & 12 dNTP % ERR DL TH UPCRZAT

S THR o—7Z{ER L%,

3—2—4 7V F3¥—EREFOIZO—=UT

N7 ¥ —ERIZFDI0— =2 VTl %Fig. 3-1IK7R T . AK6LERD T /) 4

B{EF% Sall. KpnldB X UFSadTHILL, ERED 7B —TZHWTHHF NS TY ¥4

1otz MM TNV TAEAL Y 3 Vik, 50%+F

¥Aa VAT I F, 0.1% SDSZ &

$2X SSC (0.3 MNaCL 30 mMZ =Y+ bV 7 2)Hh T, 37CT5hiTo Tao—7

ENA TN A EA T a Y OfIE, DIG Luminescent Detection Kit (Boehringer Mannheim

GmbH) % IV TiT o 72 SallZ IV Ti{b S hiz4 ) 23

FOMH D5 5, "4 T

| & NL7ZBEFWT R % Geneclean 11 Kit % AV TEYL L 72, [

LR &6 LSal

i{L L 7=ZAP express(Stratagene, Inc.) I A L 7=

B TW7 - DZAP express™~D##513 . Ligation Kit ver. 2 (Takara shuzouw) % fl\V: T47 - 7=,

7477056,

G, ESEER JuSiy s P
= TERLETO—7

% & L ZAP express

— V(ExAssist: Strategene,




pBK-CMV

(- FDEcoRI*T 4 F & pBK-CMVE

3.2 kb?DBIZ 118

pBK-CMV®EcoRIFT 4 b EPstiHr 4 MICHALAT7ZRAIF

o CDTFAIFEAWT, Y77TLF

3—2—6 WARF|OYE

pBK-CMVHIZ 7 O —=Y VSNV Ty I F T F—F

X, pBK-CMVIZ+

pu—=ry 7 s, TOEERY|ZYE L7, HIERCH)IZ, AutoRead Sequencing Kit

= o

(Pharmacia Biotech) % FIV\ T ¥ 74 F L HkIC X o T L 72:(47), WERVIOFE

4

Fig. 320 RT L H YT Y I F 79 —¥ilEFOE Y A, 7 FE¥ AGPHIC

3-3 HRBIUEE

s $F. COPCREATI ABILELTIAT

7 3 ) BEF O—BORELRAT,

Y —E¥DONKRB LT YLy FRTF

WFH N S




) :&% £ L T Ala-His-Tyr-Pro-Lys-Phe-Lys-Ala-Ala-Ala-Val-Gln-Ala-Ala-Pro-Val

/3 W

Leu-Asn-Asp-Ala-Thr-Val-Glu, PED7 3 /& | TLeu-Val-Ala-Phe-Glu-Ala-Ph
[le-Phe-Gly-Tyr-Pro-Trp-Phe-Ala-Phe-Leu-Leu-Gly-His-Pro-Glu-Tyr-Thr-Arg-Arg-Phe-Tyr-
His-Tyr-Leu-Asn-Ala-Val-Glud X U"Met-Arg-Val-Ser-Val-Ala-Glu-Arg-Leu-Cys-Trp-Gly-Asp

7 2 HBD
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Fig. 3-1 Procedure for cloning of the gene encoding cyanide dihydratase.
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Fig. 3-2 Restriction maps, sequence strategy of plasmid pB CHDO. Plasmid
pBCH3 contains a 6.1 kbp fragment at Sall site of pPBK-CMV. Plasmid
pBCHDO contains a 3.2 kbp fragment into the Sa/l and EcoRI sites of same
vector. Arrows indicate the direction and extent of the sequence determination.



Fig. 3-3 PCR product from the genomic DNA of strain AK61.
Lane: 1, DNA marker: 2, control experiment; 3, PCR product
with genomic DNA as the template.




Amino acid sequence

PXYLNLDATX EKSVKLIEEA ASNGAKLVAF PEAFIPGYPW FAFLGHPEYT
SRFYHTLYLN AVEIPSEAVQ KISAAASKEQ SFTXXISCSE KAGGXS

Fig. 3-4 Nucleotide sequence of PCR product and its putative amino
acid sequence. Under lines show the amino acid sequences which were
determined from the purified cyanide dihydratase.



Fig. 3-5 Southern hybridization of the genomic DNA from strain AK61.
The genomic DNA was digested with Sall (2), Kpal (3) or Sacl (4),
electrophoresed in 1% agarose gel, transferred onto PVDF membrane
and hybridized to digoxigenin-labeled DNA probe. Lane 1 and 5 are
DNA markers.
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CIT

Ala

CAG C

Gln L

Ile Ser Ala A

T AGC GAG ARG

Ser Glu Lys

Q0G GAA GGG

Pro Glu Gly A

Gly Gly Ser

CIG ATC GGC
Leu Ile Gly

TGT TGG (




Asp

GAA GAG CCA GIC GIT 3G AGC TIG
Leu Ser Val Ser Asp Glu Glu Pro Val Val Arg Ser Leu A

CGTEGATGTCATEGETGCOGTGACGTGAGGAARGCATGCTTTCCTCCTTCAAGA. 1193
TCCCTGATTTTGOOCATGOGGGACGATTOOG 1224

Fig. 3-6 Nucleotide sequence of the cyanide dihydratase gene from strain
AK61. A relevant stop codon is indicated by asterisks. The underlined

amino acid sequences were determined by Edman degradation. Potential
ribosome-binding sequence are marked as SD.



PEGVEPETDP

Fig. 3-7. Comparison of the deduced amino acid sequence of the cyanide
dihydratase (cdh) from strain AK61 with the aliphatic nitrilase (aln) from R.
rhodochrous K22 and the cyanide hydratase (chy) from F. lateritium.
Identical residues are indicated by asterisks, and similar amino acids are

indicated by dots (/ =Q, R=K=H, I=L=M=V, F=Y=W).
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Table 4-1 Purification of the

yanide dihydratase
from E. coli harboring pKCH3-10.

Total Total Specific -
Fraction protein activity activity e Purification
(unit)* (unit mg™) e (fold)
( xtract 18.6 143 100 1.0
DEAM 217 104 478 392 3.4
DEAE-TOYOPEARL 650 1.95 103 529 39.0 3.7
Hydroxyapatite 1.62 95.7 59.0 36.1 4.1

* 1 unit is the amount of enzyme which catalyzes the formation of 1 z mol of ammonia for 1 min




T'able 4-2 Substrate specificity of the cyanide dihydratase

Substrate

Hexanenitrile

Propionitrile N.D Cyanoacetic Acid <4%
n-Butyronitrile ND lonitrile N.D
Isobutyronitrile N.D. Crotononitrile N.D
n-Valeronitrile N.D Methacrylonitrile N.D

*N.D.: The activity was not detected




Cor (
Nor 100
Nal 10 mM
KCl 10 mM 82.9
MgCl, nM 05.9
CaCl, 0.1 mM 97.2
Formate 10 mM 96.9
1 mM 101.8
10 mM 98.2
NaN 10 mM 129.5
SDS 0.1% 42
Acetonitrile 10 mM 87.9
Acryronitrile 10 mM 93.9
lodoacetoamide I mM 99.6
n-Ethylmaleimide I mM 103.8
Diethylpirocarbamate I mM 95.0




Bsd

pBCHDO

pBK-CMV
digest with Pstl and Bsrl
| L

pKCH3-10

Fig. 4-1 Strategy for the expression of the cyanide dihydratase gene.
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Clun exchange column )
DEAM column (YAMAZEN)

d by 0.45~0.5M NaCl

DEAE-TOYOPEARL 650 column (TOSO)

Clnn exchange column J

fractions eluted with NaCl gradient from 0.15Mto 1 M

)

/
/

C Hydroxyapatite column

| Macro-Prep ceramic Hydroxyapatite column

(BIO-RAD)

Fig. 4-2 Procedure for purification of the
E. coli XL1-blue containing pKCH3-10.

cyanide dihydratase from




Fig. 4-3 SDS-PAGE of the cell extracts of E. coli containing pKK?223-3 and
pKCH3-10. Lanes are as follows: 1, molecular weight standards; 2, E. coli
containing pKK223-3; 3, E. coli containing pK CH3-10; 4, E. coli
containing pKCH3-10 (cell was incubated with 1 mM IPTG) .
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Time (min)

Fig. 4-4 Degradation of cyanide by E. coli expressing the cyanide dihydratase.
Reactions were carried out in 50 mM phosphate buffer (pH 7.6) with 1 mM
cyanide. Symbols: @, pKCH3-10/E. coli; I, pKK223-3/E. coli.
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Fig. 4-5. SDS-PAGE of steps during purification of the cyanide
dihydratase from E. coli containing pKCH3-10. Lanes: 1 and 7,
molecular mass standards; 2, cell extract; 3, salt-out; 4, DEAM elute; 5,
DEAE TOYOPEARL elute; 6, Hydroxyapatite elute.
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1/v (mg unit™)

@: enzyme purified from strain AK61

0.12 Km=1.7mM

: enzyme purified from E. coli containing pKCH3-10
Km=2.8 mM

0.10 f

0.08

0.06

0.04

1.0 -0.5 0.0 0.5 150 1.5 2.0
1/S (mM™h)

Fig. 4-6 Lineweaver-Burk plot for cyanide degradation by the cyanide
dihydratase. Reactions were carried out in 1.4 ml of 50 mM phosphate
anide at

buffer containing 2 4 g enzymes and various concentrations of cy

30C.
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Fig. 4-7 Temperature optimum for the cyanide dihydratase expressed in
E. coli. Assays were carried out in 50 mM phosphate buffer (pH 7.5)
containing 10 mM potassium cyanide and 2 x g enzyme.
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Fig. 4-8 pH optimum for the cyanide dihydratase expressed in E. coli.
Assays were carried out in 50 mM phosphate (@) or sodium borate (ll)
buffer containing 10 mM potassium cyanide and 2 z g enzyme at 30C
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Fig. 4-9 Stability of the cyanide dihydratase. Assays were carried out in
50 mM phosphate buffer (pH 7.5) with 10 mM cyanide. The enzymes
were incubated at 4C (@), 20T (A) and 30T (M) for various time
prior to each assay.
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Table 5-1 Oligonucleotides for the site directed mutagenesis.

Mutation primer

EA7Q
Y53F
S103A
E14Q
C163S
E165Q
E180Q
H183N
D247N
K276Q
D28ON
H284N

Y285F

950-

967-987

0/9-991

anide dihydratase

are indicated in /o1

er case.

n chapter 3



Table 5-2 Kinetic properties of the mutants
of the cyanide dihydratase.

Mutants Ky (mM) Relative K, Relative Vi,
Wild-type 2.8 1.0 1.0
YS3F 11.3 4.0 0.68
E104Q 2.6 0.9 0.57
C163S N.D.* —
E180Q 3.5 13 1.2
D247N 6.1 22 1.7

*The cyanide-degrading activity was not detected.

81




H,0
’,_\'H 5 (I)H

R=CEN| + BH—= [R=C R—(=NH,
SE ; SE

H,0
H,0
9?H \ 4
¢ 29 N\ 2
R—(‘—/:H« f—» R—C R=C + ESH
I . SE OH
SE

NH;

Fig. 5-1 The scheme for the nitrilase reaction mechanism.
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Fig. 5-2 Construction of pKFCH3-10 for the site directed
mutagenesis of the cyanide dihydratase gene
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Fig. 5-3 Alignment of deduced amino acid sequences from three nitrilases, two cyanide hydratase and
the cyanide dihydratase. The identical residues are hatched, and thirteen residues mutated in this study
are indicated by asterisks,
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Fig. 5-4 SDS-PAGE of sonicated cells of E. coli expressing the cyanide
dihydratase mutants. Lanes are as follows: 1, and 10, molecular weight
standards; 2, pKK223-3; 3, pKCH3-10; 4, E47Q; 5, Y53F; 6, S103A; 7,
E104Q; 8, C163S; 9, E165Q; 11, E180Q; 12, H183N; 13, D247N; 14,
K276Q; 15, D280N; 16, H284N; 17, Y285F.
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Fig. 5-5 Degradation of cyanide by E. coli expressing the mutated
cyanide dihydratases. The reactions were carried out in 50 mM

phosphate buffer (pH 7.6) at 30 ( Symbols: @, wild- type; A
YS3F; A E104Q: ., C

control experiment.

C163S;

,E180Q; A, D247Q; O, a
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Fig. 5-6 SDS-PAGE of cell extracts of E. coli expressing the cyanide
dihydratase mutants. Lanes are as follows: 1, and 9, molecular weight
standards; 2, pKCH3-10; 3, E47Q; 4, Y53F; 5, S103A; 6, E104Q; 7, C163S;
8, E165Q; 10, E180Q: 11, HI83N; 12, D247N; 13, K276Q: 14, D280N; 15,
H284N: 16, Y285F.
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Fig. 5-7 SDS-PAGE for the purified mutants of the cyanide dihydratase.
Lanes are as follows: 1, molecular weight standards; 2, wild-type: 3,

Y53F; 4, E104Q; 5, C163S; 6, E180Q:; 7, D247N.
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Fig. 5-8 Lineweaver-Burk plot for cyanide degradation by the purified
mutants of the cyanide dihydratase. Reactions were carried out in 1.4 ml of
50 mM phosphate buffer (pH 7.5) containing 2 4 g enzymes and various
concentrations of cyanide at 30C. Symbols:@, wild-type: ¥, Y53F; A,
E104Q; M. C163S; [, E180Q; &, D247Q.
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