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O4 SR ARREN E Aol b — ey R E T e E S
Fifbfoth B B,

il , Ogawa ¢ 7E 2F 4 # B ( Blastobacter sp.) Al7p-4 v R BT — R v R K B BE
— B RERE Y . ATRESE T IR B AR A I R R IRE W T IR BRI R ()
BESAMAEY PR, ES AN M7 B M £ — IR E T I N 3 20
FURE R B R B K R R 0 R B R N 4 ) A L A R 0 1T K R R
BTG I, INBRFABE T AR F (B 1C), BEIBR VI MR AR M BN EATT
KIRST .

AT A T e T TR K R B A RR 0 A R L 4KAR - - BR LR T WU (& (Alealigenes eutro-
phus )112R, ,'E B4 WK @ ¥ W | — 20 PR 1 0E R B B0 0 0 e | OF 6 T L4 5% B0 TRt V. i A ik —
B R B MBS R A KA S-BUEE A 5,5 - B IE BN A G, KRN
HED RSB TR 2L, BRI 1R, EFAADNA R ASRERE IS
IR POE T B K AR RH G B BL B B I o B T R BB R (N R AT T R TR Y B 43 A, R T R
R LR TR, R W IR A A A B MG R A R IR B T R R AR AR AT
g3 S ERIK.

Ci
(A) { _«NH L_,_) ( /NH2 i_L, (
NH L HN
0 (0 % (2) NH,
{ B0 COOt1 (.molf
! H,0
(B) R j"z}] R_< NH, _&_ﬂ__) R—<COOH
3
HN 7 (3) N (4) -
2 5o COOH H,0 NH, COOH
© - & W (N N A, <—
(3 (6) COOH
0 0

1 ZEEE(A).EBRELSY(B)IIRB IR (C) S8R E KR
Fig.1 Enzymatic hydrolysis of dihydropyrimidine{ A}, hydantoins(B) and eyclic-imide(C)
1. Dihydropyrimidinase; 2. f-ureidopropionase; 3. Hydantoinase; 4. N-carbameylamino acid

amidohydrolase; 5. Imidase; 6. Amidase.
| O
1.1 E#MIRBHE
BT 45 142 0 05 B MR 1 R A 4 AR K, E . coli C600 1 IM109 LA B 72 B 38 f& pBR322 F1 pUCI9
HAHARLE  HT PCR =) 1% ¥ 9K pMDI8-T #J H TAKARA Biotechnology /2 7] -
1.2 #BFE '

1.2.1 53535 1838 5, BERE ) 10g, A BE 10g, NaCl 5g, E & £ 1L,pH7.0,
1.2.2 EFAL UFEEERY 150, H i 15, KH, PO, 1g,K,HPO, *3H,0 3,785 1g, £ F E L,
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pH7.5
1.2.3 I KH, PO, 1g K,HPO, 3H,0 3g MgSO; 7H,0 0.2g CaCl; 2H,0 0.02g
20mg 1L pH7.0
1.2.4 1B 10g S5g NaCl 10g 1L pH7.2
1.2.5 v 15¢ 15¢ MgSO, 7H,0 0.5g KH,PO, 1g K,HPO, 3H,0 3¢
1L pH7.5
100p.g/mL
1.3
DNA PCR TAKARA
Biotechnology Promega Fluka
B- Sigma Aldrich 5- -5-
SIPSY 5-
1.4 7
1.5
3mL I 30C 24h Iml
30mL I 30C 16 ~ 18h Ago
1.6
0. 1mol/L Tris-HCl pH8.0 2800r/min 30min
ImL 37C 15min ImL 100mmol/L
50mmol/L. 50mmol/L 37C 15  60min
0.5mL 12% w/v
0.5mL 6mol/L. HCI 5% wiv 120001/ min
10min 438nm B-
HPLC Bio-Rad400 Zorbax SB-C18
4.6mm x 250mm  250mmol/L. KH, PO, pH4.4 / v/v =95/5 ImlL/min
210nm
U 1pmol
1 pamol
1.7
18
1.8 DNA
DNA TAKARA Biotechnology
1.9 PCR
PCR 1 TAKARA Bio-

technology
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30s,72CREMH Tmin, 318 KA #EFT 30 &3

#t AT PCRIMMEY
Table 1  Oligonucleotide primers for PCR amplify

Primers Nucleotide positions " Sequence

IMA-.O 140 - 164 57 — AAGAATTCATGCCGTCGGCGGCTEG - 37
IMA-1 13 -37 57 — AAGAATTCATGACGACCGGCTGCTG - 37
[MA-2 100 - 124 57 — AAGAATTCATGAGCAAGGACATACA - 37
IMA-3 991 -~ 967 57 — TTGAATTCTCAACGGAGGTATFCAT - 37
TMA-4 1036 - 1012 5" = TTGAATTCATGGCGGAGGTATTCAT - 37
IMA-5 895 - 71 5" — TTGAATTCCAGCATCAGCAGCACCT -3’

* The positions correspond to the number of nucleotide sequence of the imidase gene from A . eutrophus 112R, (Fig.5) .

2 H#XR

21 FEEKAREERNOBESERE

XA R 245 BRAD AT IR IE , e AT HW ROK I BBE 0 R LA 21 e A B
AR, P 16 BRI R SR E R K RIS 4 BRI REK R L B, H P — Bk
112R, @ H SR BB W ARG R E R BE N (B 2)., ZEATUE
BB 5T .

100.0 SPHTT 112R, X H B H b S R KRS,
3 ;-g: 242 LAY RERE S-BRFRER S-BTREH .
3 00k SSHEEH S-IZEER S-REERER S-RPR

S 0.0 BES-HHZEGH S-EEBE FH-S-Z8R . .EH-
5-HERHN S FES-ZEBHE, ZRNLERELED
B To 7K 05 A

LIEE SR EE I R a3 e it , IR R RHE & 4 R ok
RIBIATHEFR, Z W 112R, HHETE LA BRFARE T e b
Hydantoin  Dihydrouracil Succimide ME — ik #5 F1 & U 09 35 F7 & b 4 K, T 48 LA ¥ DX 0 OR g
WESHME—BRUEM BT SEE EAREA K, EH 112R, AR
BB Z A RAMNBRERE.

PLEZEREH 112R, W HBE KRS F AT

B Al7p-4 " 593 O K A B — I T B B Y 4 AR

Specific actmty(
R
===

10.0

(=
(=]

2 112R, WM R E R WA KBRS
Fig.2 llydrolysis activities of 112R,

for various substrates

IR, SR R — PR

TI2R, B o B2 B Gl A 0 0 5 B o b (8 5 6 5 P JE 5 O SR T T 8 (AL
caligenes eutrophus ) .
2.2 BURMEEMTESTERE

W EL A P BRAT A 112R, BRI 24 DNA, 551 EcoRI, BamHI 1 Hindlll 5¢ 4 B
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B, 55 P AR T B U0 3 FE B % B2 B AL T S R ER IR pBR322 i HE, F AL KB AT €600, i AR
LB + Amp PR R HAMFUARAT B, MK 2 6000 ML F R E — N HE R, R
Rk DNA, BB HF & H — 1 6kb EH B EcoRI-EcoRI A Jr Bt I R BE 3% A pUCI9,
15 2| B 41 iR pHWY 304, 77 47 12 JiRE A9 K o #F IR IM109 X i DY | — &0 PR W E A4 3% 70 Bt 0.
MR BB KMRRE S, HRETELIBR A W AR A M — Bk IR MR IR B R & B AE K, AT
6kb Z£ F B A R BGEAT TIIFF o R pHWY304 9 3 K34 B U1 07 & WL IR 3,

ATHEBLREEFNEZIGEARR
g B, AT pHWY304 2, AR
PR &l v R VIR ES VT, AL pUCT9 ik
BT —RPE kAR (R 4), %K
FFEE IM109, 4 il 55 4k F A9 1 B K A 08 1% .
GEHLF BT, — > 2024bp B Pstl-Pstl F EX
(& F Bk pHWY409 o) S5 H KI5 H
B WA BB pHWY400 89 X i #F B
IM109, % (B . — & JK %5 BE 7 3% 3 BE %
#HEA KRS B A RETE SR IR TR
RME—RIEMERE AR, EHEEMN
2R R BCY RO AR A SRR, A
RER I L0 % (5 /K % 0 A7, DT (6 3R 477 AT LU
1 7€ Bt 2 B B 2L N fE it DNA F Ee i o5
Ml

EcoR

H3 EARN pHWYIM FHiE
Fig.3 Recombinant plasmid of pHWY304

Insened fragments Plasmid

EeoR]  Pstl Poull Smal PulSmal BamHI Pall Sall EeoRI
pHWY304
e ——— pHW Y407
e pHWY401
— pHWY405
—— ——————— ———— pHW Y404
———— - ———— pHW Y406
—_—  TE—— pHW Y405

1kb

B4 BIEARNRE E AT

Fig.4 Subcloning of imidase gene

2.3 AHREERNBERRFFISH

Activity

+

+ 4+ 1+ F

FATIT XA~ 2024bp 1) Pstl-Pst] AR BB BT TIF I E , #A T HERITY ., FH
pDRAW32 2 /FXF i DNA FFFI AT TR EER 7, RRAT — 18K ORF(E 5), KX
T HEWE HLBR E Ik ORF B 1h £ &, R MR A PCR #7180 i, 738 7 AR 1k 67 5 H
DNA F B (B 6), (8 F pMD18-T ik 11 5 (&, ¥ b X #F 18 IM109, £ 0 %5 1k 7 /g A
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1 GCTGATGCGCCCGCAGGGCGATGACGACCGGCTGCTGCGCAT TGCCCTGGCCGTCGAACA
61 GGCGCTTTCCTCCCTCAACCGTTCCCAGTGAAAAAGGAGTGCATGCAATGAGCAAGGACA
M § K D I
ORF {IM)
121 TACAGATCACGTTTGGCGTGGACGTCGATGCCGTCGGCGGCTGGCTCGGUTCGTATGGEG
¢ I T F G v DV D AV G G WL G S Y G G
181 GGGAGGACTCGCCCGACGACATCTCGCGCGGCATGTTCGCGGGCGAGGTCGGCTCGCTGC
E b s p D DI S R GM F A G E V G S5 L R
241 GGCTGCTCAGGCTGTTCGACARATACGGCCTCAAGACCACCTGGTTCATCCCGGGCCACT
L L R L ¥ D K Y 6L K T T W F I P G H S
301 CCGCCGAGACCTTTCCCGAGCAGATGAAGGCCGTGGTGGACGCGGGCCATGAGATCGGCA
A E T F P E Q M K A VvV V D A G H E I G I
361 TCCACGGCTACAGCCACGAGAACCCGATTGCCATGACGCCCGAGCAGGAGGAAGCGGTGC
H 6 ¥ 8§ H E N P I AR M T P E Q E E A V L
421 TCGACCGCAGCATCGAGGTCATCACGCGGCTGGCCGGCCGCGTACCCACGGGCTATGTGG
b R § I E Vv 1 T R L A G R V P T G Y V A
481 CGCCCTGGTGGCAGTTCAGCCCCGTCACCAACGAGCTGCTGCTCAAGAAAGGCATCAAGT
P W W E F 8 P VvV T N FEF L L L K K G I K Y
541 ACGACCACAGCCTGATGCACAACGACTTCCACCCGTACTACGTGCGCGTGGGCGACCAGT
b H §$S L M H N D F H P Y ¥ V R V G D Q W
601 GGACCCGCATCGACTACAACAAGCATCCCGACACCTGGATGARAGCCCCTGGTGCGCGGAA
T R I D Y N K H P D T W M K P L ¥V R G K
661 AGGAARCGCGGCTGGTCGAGATCCCCGCCAACTGGTACCTGGACGACCTGCCGCCCATGA
E T R L V E I P A N W Y L D DL P P MM
721 TGTTCATCAAGAAGTCGCCCAACAGCCACGGCTTCGTCAACCCGCGCGACATAGAGCAGA
F I K K $S P N 3 H G F V N P R D I E Q M
781 TGTGGCGCGACCAGTTCGACTGGGTCTACCGCGAGCACGACTACGCGGTCTTCCCCATCA
W R D ¢ F D WV Y R EH D Y A V F P I T
841 CCATCCACCCCGATGTCTCCGGCCGCCCCCAGGTGCTGCTGATGCTGGAGCGCCTGATCG
I 4 P DV 5 G R P Q V L L. M L E R L I E
901 AGCATTTCCAGTCGCACGACGGCGTGCGCTTCATGACGTGCGACCAGATCGCCGACGACT
H F Q S H D G V R F M T C D Q I A D D F
961 TCCTGCGCCGCCAGCCGCGTTGATGCCGCATCCCACCTCAGCGAGGACACCATGAATACC
L R R Q@ P R ¥
1021 TCCGCCATTGCCTCCGACGCCCCAGGCGCCGGCCATCCGGCCCCGGCCGGGACCGATGCC
1081 CCCTGGACCGCGCCCACCGTGACGCGCAGGCAGGTCAGCTACGCCACCTGGGTCTGCTTT
1141 TTCGCCTGGGTGTTCGCCGTCTACGACTTCATCCTCTTCGGCACCCTGCTGCCGCAACTG
1201 GGCGAGCACTTCCGGTGGAGCGCCGAGCAGCAGGCGCGGCTGARCACCTGGGTGACGCTG
1261 GGCACGGTGATCGTGGCCTTCGGCATCGGCCCCATCGCCGACCEGCTGGGCCGGCGCARAA
1321 GGCATCATCATCGCCGTGGCGGGCGCCGCGCTGTGCTCGGGCCTGACGGCGCTGGCCGGL
1381 TGGGTGATCGGGCTGTCGGCGGGGCTGGGCTTCGTGCTGCTGATCGTGGTGCGCTCGCTG
1441 GCGGGCCTGGGCTACGCCGAGCARAGCATCAACGCCACCTACCTGAGCGAGCTGTTCTCC
1501 CTGGTGTACACCGACCCGGCCTCGCTGCGCCGGCGTGGCTTCATCTACTCGCTGGTGCAG
1561 GGCGGCTGGCCCGTGGGCGCCGTGCTCACCGECGTGCTGGTGGCCCTGCTGTATCCGCTG
1621 GGCGAGCGCTGGTTCGGCCAGGGLGGCGGCTGGGCGCTGTCCTTCGTGTTCGCCATGTTC
1681 CCGGCCCTGGTGATCGCCGTGCTGGGCCGACGGCTGGTGGAGACGCCCCAGTTCCTGACC
1741 GCGCGTCGCGTGGCCGATCTGCGCCECGCCGGGCGCGAGGCAGAGGCCATGCGCCTGGEG
1801 CAGGAGCATGGCGCCAGCCCACAGCAGGAGCAGCACACCGGCCTGTCGGCCATGTTCCGC
1861 GGTGCCTCGCTGCGGCCCACGCTGTCGCTGGCCCTGGGCTTTTTCCTGAACTGGTTCGCC
1921 ATCGTGATCTTCGCCGTGCTGGGCACCTCGGTGCTGGGCACCTCGGTGCTGGGCGGCGLE
1981 GGCGGCACGCCGGGCAAGGGCGTGGATTTCTCCAGCGCGCTGCA

E5 SHFRCHTE 2R, 8TFKEEEFEG 2024bp Psl-Pstl HBRHZBFT
BREHNEERFF

Fig.5 Nucleotide sequence of the 2024bp Pstl-Pst] fragment containing the imidase gene of A . eutrophus 112R,
and the deduced amino acid sequence of the ORF(IM)
Translation stop coden is indicated with an asterisk. The putative ribosome binding site

is underlined. { CenBank accession number: AF373287) .
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KBS, SEEH, — T EET 108m &1k T 983a 19 876bp 1) DNA R B (4% T R
pHWY523 5 ) W i KR I% h PR s i, 0 2 M B B0 BK B 08 ) o . DA M8 A
XA~ 876bp B9 ORF X ELFF AT H 112R, Y5 5 oK 58 T —— Tk T2 e 65 1) S S 5 [N,
72k ORF(IM)..

ORF(IM)B) G+ C Rl

[nserted fragments Plasmid Activity
64 % M 4563 — 5% 201 D EE
. IMA-T L ‘_Jm:;f_f\.a

g§ Eﬁ} % Ei(1 VI“ %: {7}' ? i j‘? Ih}ﬁﬁ&gq 1.J4_J IMA-4 pHWY4(B .
33.688kD. Ut Psl-Psl B BX i — ORFUM)
ﬁﬁ&ﬁ?ﬁﬁu ORF(IM)E]‘]’EE@ 2 e—————— [ 022 pHWYS14 +
= . . . 21 m———— 953 pHWY513 .
J:]:yu B ﬁi&: (;EHBank %‘LE ] FEH‘H‘ 2] eeeet— 887 p”-WY515 —
Sl AF373287, FJT] Blastx ff 108 wee———— 3 pHWYS23 *

e 103 senEESSeME——— (87 HWY525 -
HE)!% ORF(IM)EAJ%%MH‘WE 148 _383 ::I—IWYSOG -
&R P AT R R R Lkb >
KB T 5 £ 5 2 Bt A (Po-
lysaccharide deacetylase) & <F J¥ ¥ B6 BIRETNARENRE

( A B No lam01522) iﬂ ff}' Fig. 6 Determination of the ORF(IM)
ceesson - 1 Ple H

FlHREAN —F N 149%) , ®REMHEC AN ey i T ezl
ECHYWREMREEE, A Custer W BT 52 ;\17,;14 .ﬁgijVS‘ig;DVDAV WL 20
MR 35 FABLA A (B4E S ER . EFLIE Comensws k1 g dvdav gwlg
Pt PR 7% A IR AL L9 (R ) R S BE AR e 4

MR, RE RN B OEEN ARy BT BEFFRAS IR AFLAE
FFE AL7p-4 0 R B B I B 20 4 B ATpd B TRBERER 20 M EERMIL
B L, A 60% Y — B (7 7). &

24 BIRBERGEAGHEFNIRE es of imidases from Alcafigenes ewtrophus |12R, and

A BRI AR A N KB KT B IML09 TR Biasobacter sp. Al7p-d
FEROWV RS EARBINGE TR PTG W & F
T LB MREETE D NS KHEAREME AT EL. EARA K AR E A
Immol/]. IPTG #5 X BAMM L KR AWR A, FT 5h)g  REMBLTAZ ML 1
IR RRIRE T 2.4~ 3.5 5 (F 2)-

A LA A BB pHWYS23 B9 KT IM109 AR b TR Vi WMk e
BRI R R (R 3) . R A ALEXT I R E MR ERFEREN, W PTG
WAT BRI E S R, S IR AR L L RS IR B T 3 AL . 1B 3h A ShL R R EE AT LL
ENFEAKHEBES ShG, ML K D kB2 M, tead i 38 8] K18 B i ™ &
FEREFE VBT 37TCREFRRBITE IMI09( pHWYS23) F A, K5 1.5 ~2.0 ZH G . MA
Imol/L IPTG 155 5h, 77 278 B & (0 BE W AL B 7= B, % Bl 3200071, R &5 AR 112R, A9 7

A o

Fig.7 Alignment ol the N-terminal amino acid sequenc-
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2
Table 2 Hydrolysis activities of recombinant E . coli to various substrates.
) . Cell density " Specific activities/ U/g wet cell
Strain plasmid - - 5 —
/Ao Hydantoin Dihydrouracil Succimide
JM109 11.0 0 0 0
JM109 pHWY304 11.3 158 117 175
JM109 pHWY409 10.1 223 187 251
IM109 pHWY523 10.8 200 153 246

* Cells cultivated in medium TV until absorbance at 600 nm reached 1.8 were induced with 1mmol/L TPTG for 5h.

3 JM109 pHWY523
Table 3 Effect of inducer and induction time on the production of imidase by recombinant E . coli J]M109 pHWY523

Specific activities/ Ulg wet cell *

Substrates Induced for 3h Induced for 5h
Control IPTG Lactose Control IPTG Lactose
Hydantoin 52 185 50 78 200 75
Dihydrouracil 33 140 36 55 153 53
Succimide 54 220 55 87 246 92

* Cells cultivated in medium IV until absorbance at 600 nm reached 1.8 were induced with Tmmol/L TPTG or Smmol/L lactose.

19 20
Al7p-4 10 v
Al7p-4 »
Al7p-4
112R,
Al7p-4 6 33.688kD
Al7p-4 35kD '
11221
2
CRM
1
Phylip95 112R,

35
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REOL R A R L, B
Fidk R LB 1) B MBI & R Q”“ Ho K(”“’
W, ZREERERRIA NS 5 T M R R

2P ik R RN IARTRERES  smmde Succinamic. acid
5T B 4 ¥ R (xenobioties ) B [# > Ogawa KHZO A
el g i 7 2 A R ALTp-4 o BE IR T B AR AR NH;
WL iR FE (L 8), B R FOIR P AT W 112R, & 9__[m“

B P BE BAME T B 0 e — DR AE K RV RR RO AU COOH
R BRI THEE S HHATE R X B Suceinic acid

BREAWE T e g AR A0 LI Y, PR T R X — M
Mg, EREELZNIEE. KEFET
B 112R, BT B B A9 Sk 5 1 B 5T LA B
% Jiz B 35k LA 40 1 L R R A T AR AR 5T 8 O R
M —RERGEENER, HRX LT EH TEEERTE.,

HS HUNREBTEARGRLER

Fig.8 Proposed pathway for succinimide metaholic

transformation . TCA, tricarboxylie acid

rigt o R B R B BT B T 1R 2 IR R A T B R ST [ R E R B U
PIB AT B T R R S N RO AT TR

2 £ X &
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Cloming Sequence Analysis of Imidase Gene from Alcaligenes
eatrophus and Its Expression in E . coli *

Wang Yu Zhang Yingzi Ding Jiuyuan Liu Yangjian Wang Jiang Yu Zhihua" "
Institute of Microbiology ~The Chinese Academy of Science Beijing 100080 China

Abstract A hydantoin-cleaving microorganism 112R, is screened and identified to be Alcaligenes
eutrophus . The resting cell of Alcaligenes eutrophus 112R, can catalyze the hydrolysis of hydantoin
dihydropyrimidine and succinimide effectively but not function to 5-monosubstituted hydantoins or
5 5’ -disubstituted hydantoins. The microorganism can utilize succinimide as a sole carbon source
and nitrogen source which indicates the presence of a complete transformation pathway of succinim-
ide and a hydantoin-cleaving enzyme imidase is suggested to be contained in this metabolic path-
way. A 6kb EcoRI-EcoRI fragment isolated from the genome DNA of Alcaligenes eutrophus 112R, is
shown to be correlative with the transformation of succinimide. A 2kb DNA fragment containing the
gene of imidase is subcloned and sequenced. Deletion analysis verifies that one open reading frame
of 876 nucleotides which encodes a peptide of 291 amino acids with a calculated molecular weight
of 33688 is responsible for the encoding of imidase. This is the first report of the nucleotide and
amino acid sequences of imidase GenBank accession number AF373287 . A homology search
performed in protein database reveals an identity of 14% with polysaccharide deacetylase conserved
domain an identity of 60% with N-terminal 20 amino acids of Blastobacter sp. A17p-4 but no ap-
parent similarity with all known cyclic-amide-cleaving enzymes. This result suggested that the imid-
ase should be classified as a new member of cyclic amidases. Under the control of lac promoter and
IPTG induction the imidase activity of transformed E . coli reached 3200U/L.  which is about 7-fold
higher than that of gene donor strain.

Key words Imidase Gene cloning Sequence analysis Gene expression Alcaligenes eutrophus
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