
Kobe University Repository : Kernel

PDF issue: 2025-12-05

Purification, characterization, and gene
cloning of cis,cis-muconate cycloisomerase from
benzamide-assimilating Arthrobacter sp. BA-5-17

(Citation)
FEMS Microbiology Letters,231(1):119-124

(Issue Date)
2004-02-09

(Resource Type)
journal article

(Version)
Accepted Manuscript

(URL)
https://hdl.handle.net/20.500.14094/90000050

Murakami, Shuichiro
Kohsaka, Chihiro
Okuno, Takao
Takenaka, Shinji
Aoki, Kenji



Title:  Purif icat ion,  character izat ion,  and gene cloning of  cis ,c is-muconate 

cycloisomerase from benzamide-assimilat ing Arthrobacter  sp.  BA-5-17  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

 

Authors:  Shuichiro Murakami,  Chihiro Kohsaka,  Takao Okuno,  Shinj i  Takenaka,  

Kenji  Aoki  *  

 

Affi l iat ion and address:  Laboratory of  Applied Microbiology,  Department  of  

Biofunct ional  Chemistry,  Facul ty of  Agricul ture,  Kobe Universi ty ,  Nada,  Kobe 

657-8501,  Japan  

 

Corresponding author: 

Kenji  Aoki  

Telephone number:  +81(78)-803-5891  

FAX number:  +81(78)  882-0481  

E-mail  address:  kaoki@kobe-u.ac. jp  

 

 

Key words:  

 

Arthrobacter ,  benzamide,  catechol  metabol ism, β-ketoadipate  pathway,  muconate  

cycloisomerase 

 

 

 

 

 

 1



Abbreviations 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

 

CD, catechol 1 ,2-dioxygenase;  CMC, chloro-cis,c is-muconate cycloisomerase;  MC, 

cis ,c is-muconate cycloisomerase;  ORF, open reading frame 

 

 

Abstract  

 

cis ,c is-Muconate cycloisomerase (MC) was purif ied to  homogenei ty from 

benzamide-assimilat ing Arthrobacter  sp.  BA-5-17.  The purif ied enzyme showed 

high act ivi t ies  for  cis ,c is-muconate  and 3-methyl-cis ,c is-muconate,  and preferred 

the 3-subst i tuted derivat ives  over  the derivat ives  with the same subst i tuent  a t  the 

2 posi t ion as  a  substrate .  A gene encoding MC of  s t rain BA-5-17 was cloned and 

named catB .  The catB  gene was clustered with catR  encoding a putat ive LysR-type 

regulator ,  catC  encoding a  putat ive muconolactone isomerase,  and catA-II  

encoding the catechol  1,2-dioxygenase isozymes CD-III-1 and III-2.  These genes 

showed the same orientat ions in  t ranscript ional  direct ions and the organizat ion of  

cloned genes was catRBCA-II .  In  the phylogenet ic  analysis  of  MCs and 

chloro-cis ,c is-muconate cycloisomerases,  the BA-5-17 and Streptomyces setoni i  

MCs formed a subfamily,  c lear ly dis t inguished from those of  other  MCs.  

 

1.  Introduction 

 

Catechol  is  wel l-known as  one of  the central  intermediates  in  the metabol isms 

of  aromatic compounds by microorganisms,  and metabolized through the ortho-  or 

meta-cleavage pathway.  In  the f irs t  s tep of the ortho -cleavage pathway of  catechol ,  
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catechol  is  converted to  cis,cis-muconate  through dioxygenation and cleavage of  a 

benzene r ing by catechol  1 ,2-dioxygenase (CD).  cis ,c is-Muconate cycloisomerase 

(MC) catalyzes the cycloisomerizat ion of  cis ,c is-muconate  in  the second s tep of  

the pathway,  and has been purif ied from many bacter ia  and character ized [1-4] .  
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Arthrobacter  sp .  BA-5-17 metabol izes  benzamide through the ortho -cleavage 

pathway of  catechol  [5] .  We purif ied four  CD isozymes,  CD-I ,  I I ,  I I I-1,  and III-2 

from benzamide-induced cel ls  of  the bacter ium, and character ized them [6] .  The 

purif ied CD isozymes showed differences in  the thermostabi l i ty ,  effects  of  

inhibi tors  on enzyme act ivi ty ,  and absorbance spectra  of  the enzymes.  In 

part icular,  the NH 2 -terminal  amino acid sequence analysis  indicated that  CD-I and 

II ,  and III-1 and III-2 were encoded by the same genes.  Bacter ia-producing CD 

isozymes have been reported in  gram-negat ive s t rains  [7,8] ,  and two MC genes 

were found in them [8,9] .  Although CDs from Arthrobacter  sp.  BA-5-17 is  

reported as  the f i rs t  character ized CD isozymes produced by a  gram-posi t ive 

bacter ium, nothing is  known about  MC catalyzing the next  s tep in  the bacter ium.  

We,  therefore,  purif ied MC from Arthrobacter  sp .  BA-5-17 and cloned a  gene 

encoding the enzyme to clar i fy the catechol-degrading pathway of  this  s t rain.    

 

 

2.  Materials  and methods 

 

2.1.  Chemicals  

 

3-Methylcatechol ,  4-methylcatecol ,  3-chlorocatecol ,  4-chlorocatechol ,  and 

3-f luorocatechol  were purchased from Tokyo Kasei  Kogyo (Tokyo,  Japan) ,  and 

4-ethylcatechol  was from Avocado (Lancashire ,  England) .  Meat  extract  (Extract  
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Ehlr ich)  was from Wako Pure Chemical  (Osaka,  Japan) ,  and polypepton and dried 

yeast  extract  S were from Nihon Seiyaku (Tokyo,  Japan).  DE52 cellulose was from 

Whatman (Madison,  WI. ,  USA).  DEAE-Toyopearl  650S,  Phenyl-Toyopearl  650M, 

and Toyopearl  HW-55S were from Toyo Soda MFG (Tokyo, Japan).   

 

2.2.  Bacteria and growth condi t ions 

 

Arthrobacter  sp.  BA-5-17 was cul tured in  benzamide medium [5]  at  30°C with 

shaking.  Escherichia col i  XL1-Blue was cul tured in Luria-Bertani  medium [10]  at  

37°C, if  necessary,  supplemented with ampici l l in (100 μg ml - 1 ) ,  te tracycline (12.5 

μg ml - 1 ) ,  isopropyl-β-D(-)- thiogalacto-pyranoside (1 mM),  and X-Gal  (0.04%).  E. 

col i  XL1-Blue carrying the plasmid pUC9A with a  cbnA  gene encoding 

chlorocatechol  1 ,2-dioxygenase from Ralstonia eutropha  NH9 [11]  was used for  

the enzymatic  conversion of  methyl ,  e thyl ,  chloro- ,  and f luoroderivat ives  of  

catechol  to  the corresponding derivat ives  of  cis ,c is-muconate.   

 

2.3.  Enzyme assay 

 

cis,cis-Muconate was converted from catechol enzymatically and purified 

as described previously [12].  MC activity was measured 

spectrophotometr ical ly at  260 nm and 24°C with a  react ion mixture which 

contained 33 mM Tris-HCl (pH 8.0),  0.67 mM MnCl 2 •4H 2 O, 0.1 mM 

cis,cis-muconate.  One uni t  of  enzyme act ivi ty was defined as  the amount  of  

enzyme that  catalyzed the cycloisomerizat ion of  1  μmol of  cis ,c is-muconate per  

min.  The molar  ext inct ion coeff ic ient  of  16 800 M - 1  cm - 1  was used for  

cis ,c is-muconate  [13] .  Protein concentrat ions were measured by the method of  

 4



Lowry et  a l  [14] .  Specif ic  act ivi ty  was defined as  uni ts  mg - 1  protein.  1 
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2.4.  Enzyme puri f icat ion 

 

All  s teps of  the enzyme purif icat ion were carr ied out  a t  0-4°C.  All  

centr i fugat ions were 20 000×g  and 4°C for  10 min.  

 A wet weight  of 17.84 g of Arthrobacter  sp .  BA-5-17 cel ls  was obtained from a 

1 200 ml cul ture  in  benzamide medium containing 1.0% (w/v)  polypepton,  1% 

(w/v) meat extract ,  and 1% (w/v) dried yeast  extract  S.  The preparat ion of the cel l  

extract  (s tep 1,  f ract ion 1)  and the s t reptomycin sulfate  t reatment  to  remove 

nucleic  acid from the cell  extract  solut ion (step 2,  fract ion 2) essent ial ly fol lowed 

previously descr ibed methods [15] .  

 Step 3:  (NH 4 ) 2 SO 4  fract ionat ion.  Fract ion 2 was brought  to  35% saturat ion 

with (NH 4 ) 2 SO 4 .  The mixture was s t i r red for  30 min and centr i fuged;  the 

supernatant  was col lected,  and the precipi tate  was discarded.  (NH 4 ) 2 SO 4  was 

added to the supernatant  to  50% saturat ion.  After  s t i r r ing for  30 min,  the 

precipi ta te  was col lected by centr i fugat ion and dissolved in 20 mM Tris-HCl (pH 

8.0) buffer  (buffer A).  The solution was dialyzed against  1  000 ml of buffer  A with 

two changes of  buffer  ( fract ion 3) .  

 Step 4:  DE52 cel lulose column chromatography.  Fract ion 3 was appl ied to  a  

column (2.3×26 cm) of  DE52 cel lulose equi l ibrated with buffer  A.  Proteins  were 

eluted with a  l inear  gradient  (0.1-0.45 M) of  NaCl in 1 600 ml of  buffer  A (f low 

rate ,  60 ml h - 1 ) .  Fract ions with the enzyme act ivi ty of  greater  than 0.58 U ml - 1  

were pooled to  yield fract ion 4.  

 Step 5:  DEAE-Toyopearl  650S column chromatography.  Fraction 5 was dialyzed 

against  1  000 ml of  buffer  A and appl ied to  a  column (1.5×14 cm) of  
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DEAE-Toyopearl  650S equil ibrated with buffer  A.  Proteins  were eluted with a  

l inear  gradient  (0.15-0.4 M) of  NaCl in  600 ml of  buffer  A (f low rate ,  80 ml h
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- 1 ) .  

Fractions with the enzyme act ivi ty of greater  than 1.0 U ml - 1  were pooled to yield 

fract ion 5.  

 Step 6:  Phenyl-Toyopearl  650M column chromatography.  Fract ion 6 was 

brought  to  35% saturat ion with (NH 4 ) 2 SO 4  and appl ied to  a  column (1.5×10 cm) 

of  Phenyl-Toyopearl  650M equil ibrated with buffer  A containing 35% saturat ion 

of  (NH 4 ) 2 SO 4 .  Proteins  were eluted with a  l inear gradient  (35-0% saturat ion)  of  

(NH 4 ) 2 SO 4  in 500 ml of  buffer  A (f low rate ,  80 ml h - 1 ) .  The enzyme puri ty  in  

each fract ion with the enzyme act ivi ty  of  greater  than 2.7 U ml - 1  was verif ied by 

PAGE [16] .  Fract ions showing a  s ingle  protein band on the gel  were pooled 

(fract ion 6) .   

 

2.5.  Determination of  molecular masses 

 

The molecular  mass of  the nat ive enzyme was determined by gel  f i l t ra t ion on 

Toyopearl  HW-55S,  and that  of  the enzyme subunit  was measured using 

SDS-PAGE [17].  Size markers  used for  the gel  f i l t ra t ion were those in  a  

cal ibrat ion protein gel  chromatography kit  from Boehringer Mannheim (Mannheim,  

Germany).  The electrophoresis  cal ibrat ion ki t  LMW (Amersham Bioscience)  was 

used as  markers  for  the SDS-PAGE.    

 

2.6.  Substrate  speci f ic i ty  

 

Methyl ,  e thyl ,  chloro- ,  and f luoroderivat ives  of  cis ,c is-muconate were 

enzymatical ly synthesized with chlorocatechol  1 ,2-dioxygenase (0.02 U for  
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catechol  as  a  substrate)  f rom R. eutropha  NH9 in react ion mixtures  containing 33 

mM Tris-HCl (pH 8.0) and 0.103 mM catechol derivatives at  24°C. After  

conversion of  catechol  der ivat ives ,  react ion mixtures  were di luted,  and 20 mM 

MnCl
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2 •4H 2 O was added. The final preparations of reaction mixtures,  

containing 0.67 mM MnCl 2 •4H 2 O and authent ic  cis ,c is-muconate or  

cis ,c is-muconate derivatives at  a range of 0.025 to 0.1 mM, were used for  the 

determinat ion of  kinet ic  parameters  of  the purif ied enzyme.  The fol lowing molar  

extinct ion coefficients  were used:  17 100 M - 1  cm - 1  for 2-methyl-cis-cis-muconate,  

12 400 M - 1  cm - 1  for  3-methyl-cis-cis-muconate ,  18 000 M - 1  cm - 1  for  

2-chloro-cis-cis-muconate ,  13 900 M - 1  cm - 1  for  3-chloro-cis-cis-muconate,  and 14 

900 M - 1  cm - 1  for  2-fluoro-cis-cis-muconate [13].  The molar ext inction coefficient  

of  3-ethyl-cis ,c is-muconate was establ ished as  12 100 M - 1  cm - 1 .  K m  and V m a x  

values of  the purif ied enzyme were calculated by nonl inear  regression with the 

Enzfi t ter  program (Biosoft ,  Cambridge,  United Kingdom).    

 

2 .7 .  Determinat ion of  NH 2 -terminal  amino acid sequence  

 

The NH 2 -terminal  amino acid sequence of the purified MC was determined as 

previously descr ibed [3] .   

 

2 .8 .  Gene manipulat ion,  gene cloning,  and nucleot ide sequence analysis  

 

Standard methods were used for  the plasmid DNA purif icat ions,  restr ic t ion 

enzyme digest ions,  and E. col i  t ransformations [10].  Subcloning experiments were  

performed in pBluescript  vectors  (Stratagene) .  The purif icat ion of  the total  DNA 

and construct ion of  a  gene l ibrary of  Arthrobacter  sp.  BA-5-17 were performed as  
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previously described [18] .  Cel l  mater ials  f rom each E. col i  consis t ing of  the gene 

l ibrary were f ixed on a  Hybond-N+ membrane (Amersham Biosciences)  according 

to the manufacturer’s  instruct ions.  A synthesized nucleot ide,  

5’-ATGAA(AG)AT(TCA)GA(AG)(CA)GIAT-3’,  corresponding to the determined 

NH
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2 - terminal  amino acid sequence of  MKIERI,  was radiolabeled as  previously 

described [9] .  A transformant  showing a  posi t ive s ignal  was selected by colony 

hybridizat ion using the radiolabeled probe under  s tandard condi t ions [10] ,  and a  

recombinant  plasmid,  named p29D10,  was isolated from the t ransformant .  A 

4.7-kb region in the inser t  DNA (9.0 kb)  of  p29D10 (Fig.  1)  was sequenced using 

subcloned fragments as  described previously [9].  The computer  analyses of  cloned 

genes and deduced amino acid sequences were accomplished through the use of the 

FASTA and BLAST database searching programs,  respect ively,  a t  the DNA Data 

Bank of  Japan.  A mult iple  sequence al ignment  was performed by CLUSTALW 1.7 

at  the DNA Data Bank of  Japan.  A phylogenet ic  t ree was obtained from 

CLUSTALW 1.7 and the software TreeView 1.6.6 supplied on the Internet .  The 

DDBJ/EMBL/GenBank accession number for  the reported sequence in  this  paper is  

AB109791.  

 

 

3.  Results  and discussion 

 

3.1 Puri f icat ion and propert ies  of  the puri f ied enzyme 

 

MC from benzamide-assimilat ing Arthrobacter  sp.  BA-5-17 was purif ied 

471-fold from 17.84 g (wet weight)  of cel ls  with an overal l  yield of 19% (Table 1) .  

The purif ied enzyme exhibi ted a  s ingle  protein band on both the nat ive and 
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denaturing polyacrylamide gels  (data  not  shown).  The molecular  mass was 

determined to be 280 kDa by gel  f i l t ra t ion and 43 kDa by SDS-PAGE (data  not  

shown).  

 The purified enzyme showed optimal  pH at  pH 7.5,  and retained more than 70 % 

act ivi ty af ter  incubat ion of  the enzyme (0.085 mg/ml)  for  24 h at  4°C in 20 mM 

phosphate buffer  (pH 7.0-7.5) ,  20 mM Tris-HCl (pH 7.5-9.5) ,  and 20 mM 

carbonate buffer  (pH 9.5-11.0) .  The enzyme (0.085 mg/ml)  retained more than 

90% act ivi ty against  incubat ing at  65°C for  10 min in  20 mM Tris-HCl (pH 8.0) ,  

but  lost  the act ivi ty by incubation at  70°C for  10 min.  The purif ied enzyme showed 

25% relat ive act ivi ty in  a react ion mixture without  Mn 2 +  compared with that  in the 

s tandard react ion mixture containing Mn 2 + .  When various bivalent  metal  ions in  

place of Mn 2 +  were added into the react ion mixture as a cofactor at  a  concentrat ion 

of  0 .67 mM, the enzyme showed 56% relat ive act ivi ty in  a  react ion mixture 

containing Mg 2 +  for  that  under  the s tandard condit ions.  No act ivi t ies  were 

observed in  a  react ion mixture containing Co 2 + ,  which is  reported as  a  metal  

cofactor that  is  available for the catalysis of MC from Gram-posit ive Rhodococcus 

erythropolis  AN-13 [3].  The NH 2 -terminal  amino acid sequence of  the enzyme was 

determined to be MKIERIEAIPYSIPYAKPLKFA. 

 Table 2 shows substrate  specif ic i ty of the purif ied enzyme.  Turnover  numbers  

(k c a t )  for methyl  derivatives were lower than that  for  cis ,cis-muconate.  However,  a  

relat ive specif ic  constant  (k c a t /K m ) for  3-methyl-cis ,c is-muconate was the s imilar  

values for  cis ,c is-muconate because K m  value for  3-methyl-cis ,c is-muconate was 

lower than that  for  cis ,c is-muconate.  On the other  hand,  turnover  number for  

2-methyl-cis ,c is-muconate was so low that  a  relat ive specif ic  constant  for  

2-methyl-cis ,c is-muconate was extremely low in contrast  to  that  for  

3-methyl-cis ,c is-muconate.  This ,  therefore,  is  the f i rs t  report  describing the 
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purif icat ion of  MC showing high activi t ies for both 3-methyl-cis ,cis-muconate  and 

cis ,c is-muconate.  The enzyme preferred 3-chloro-cis ,c is-muconate to  

2-chloro-cis ,c is-muconate as  a  substrate  as  wel l  as  methyl  der ivat ives  al though 

relat ive specif ic  constants  for  the chlorinated derivat ives were lower than those 

for  methyl  derivat ives.  The enzyme also catalyzed the cycloisomerizat ion of  

3-ethyl-cis ,c is-muconate.   
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3.2.  Cloning of  genes encoding MC and other enzymes involved in  catechol  

degradat ion 

 

A posi t ive clone was selected by colony hybridizat ion using a  nucleot ide probe 

designed from the NH 2 -terminal  amino acid sequence of  the purif ied MC, and the 

isolated plasmid was named p29D10. We found 4 open reading frames (ORF) with 

the same orientat ions in  a  4  744 bp sequence,  which was determined in the 9.0 kb 

inser t  DNA of the plasmid p29D10 (Fig.  1) .   

 The second ORF encoded 380 amino acid residues,  and an NH 2 -terminal  

sequence deduced from the ORF corresponded with that  of  the purif ied MC. The 

molecular  mass of  the deduced amino acid sequence was 40 926 Da,  and was 

s imilar  to  that  of  the subunit  s ize of  43 kDa determined by SDS-PAGE. These 

resul ts  show that  the second ORF was a  gene encoding MC from Arthrobacter  sp.  

BA-5-17,  and the ORF was named catB .  The deduced amino acid sequence of  MC 

encoded by catB  shared 54% ident ical  posi t ions with that  of  putat ive MC from 

Streptomyces setoni i  (Accession No.  AF435013),  and less  than 35% ident ical  

posit ions with those of the previously characterized MCs and CMCs. However,  the 

amino acid residues,  which are  involved in  manganese coordinat ion or  in  the 

enzymatic  mechanism of  cycloisomerizat ion [19,20] ,  are  conserved in  al igned 

 10



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

sequences containing the BA-5-17 MC (Fig.  2) .   

The fourth ORF consis ted of  849 bp,  and the deduced amino acid sequence of  

the ORF contained the NH 2 -terminal  sequences of CD isozymes,  CDIII-1 and III-2,  

purif ied in  the previous s tudy [6] .  The molecular  mass of  the deduced amino acid 

sequence of  the fourth ORF was calculated to  be 31 137 Da,  and was s imilar  to  

those of  the subunit  s izes of  33 kDa [6] .  Arthrobacter  sp .  BA-5-17 produced CD-I  

and II  with ident ical  NH 2 -terminal  sequences,  which probably t ranscribed from a 

gene [6] .  In  considerat ion of  the gene encoding CD-I  and CD-II ,  we named the 

fourth ORF  catA-II  encoding CD-III-1 and III-2.  The amino acid sequence deduced 

from catA-II  showed 79 and 61% ident ical  posi t ions with those of  the CDs from 

gram-posi t ive bacter ia ,  Arthrobacter  sp.  mA3 (AJ000187) and Rhodococcus 

opacus  1CP (X99622),  respect ively,  and 66% ident ical  posi t ions with that  of  

putat ive CD from Streptomyces setoni i  (Accession No.  AF435013).   

The fi rst  and third ORFs consis ted of  792 and 279 bp,  respect ively.  The deduced 

amino acid sequence of the f i rst  ORF showed 41 and 26 % ident ical  posit ions with 

those of  putat ive LysR-type regulators ,  CatR from  S .  setoni i  (AF435013) and 

Ralstonia eutropha  (AF042281),  and 36% ident ical  posi t ions with that  of  the 

LysR-type regulator  CbeR from Burkholderia  sp.  NK8 (AB024746).  The product  

of  the third ORF showed 69-71% ident ical  posi t ions with those of  putat ive 

muconolactone isomerases  encoded by catC  f rom Burkholderia  sp.  NK8 

(AB024746),  catC1  f rom Burkholderia  sp.  TH2 (AB035483),  and catC1  f rom 

Ralstonia eutropha  335 (AF042281).   

 

3.3 .  Phylogenet ic  analysis  of  MSs and CMCs 

 

Fig.  3  shows a  phylogenet ic  t ree of  the MCs and CMCs.  The MCs and CMCs 
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from gram-negat ive bacter ia  except  TfdDII  from Ralstonia eutropha  JMP134 are 

classif ied into each subfamily as  descr ibed by Moiseeva et  a l  [21] .  The 

gram-posi t ive Arthrobacter  sp.  BA-5-17 and  S.  setoni i  MCs were local ized in  the 

same branch,  c lear ly dis t inguished from other  branches containing MCs from 

gram-posi t ive bacter ia ,  Rhodococcus opacus  1CP and R .  erythropolis  AN-13.  The  

Rhodococcus  MCs show lower act ivi ty for  3-methyl-cis ,c is-muconate compared 

with that  for  cis ,cis-muconate [2,3] .  Furthermore,  MC from R. erythropolis  AN-13 

showed higher act ivi ty in  a  react ion mixture containing Co
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2 +  ion in place of  Mn 2 +  

ion than that  in  the s tandard react ion mixture containing Mn 2 +  [3] ;  the BA-5-17 

MC, on the contrary,  didn’t  catalyzed the cycloisomerizat ion of  catechol  in  the 

react ion mixture containing Co 2 +  ion.  Thus,  the BA-5-17 MC differed in substrate 

specif ici ty  and catalyt ic  property from reported MCs of  gram-posi t ive bacter ia  in  

addi t ion to  the difference in  the subfamily.   

 Arthrobacter  sp .  BA-5-17 produces four CD isozymes,  encoded by two different  

genes under  growth condit ions used for  the MC purif icat ion [6] .  However ,  A gene 

encoding CD isozymes,  CD-I  and CD-II ,  was not  found in the cloned fragment .  

Further  genet ic  s tudies  are  needed to clar i fy catechol-degrading gene cluster  of  

this  bacter ium.   
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Table  1 

Purif icat ion of  cis ,c is-muconate cycloisomerase from Arthrobacter  sp.  BA-5-17  

 Total  Total  Specif ic   

 act ivi ty  protein act ivi ty  Recovery 

Fract ion a  (U) (mg) (U/mg) (%) 

1:  Cell  extract  260 3000 0.087 100 

2:  Streptomycin sulfate  260 3000 0.087 100 

3:  Ammonium sulfate 170 840 0.20 65 

4:  DE52 140 40 3.5 54 

5:  DEAE-Toyopearl  650S  110 4.5 24 42 

6:  Phenyl-Toyopearl  650S 49 1.2 41 19 

 

a  Fractions 1-6 refer  to the fract ions obtained as the end of steps 1-6 of the 

purif icat ion procedure.  
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Table  2 

Substrate specif ici ty of  the cis ,cis-muconate cycloisomerase from Arthrobacter  sp .  

BA-5-17 

Substrate   K m  V m a x  k c a t  k c a t /K m  

  (μM) a  (U·mg - 1 )  a  (min - 1 )  b  (min - 1 ·μM - 1 ) 

cis,c is-Muconate 150±19 77±6.6 3,300 22 

2-Methyl-cis ,cis-muconate 29±5.2 1.0±0.086 43 1.5 

3-Methyl-cis ,cis-muconate 75±8.9 41±5.8 1,800 24 

3-Ethyl-cis ,cis-muconate 670±32 220±21 9,500 14 

2-Chloro-cis ,cis-muconate  (<0.02) c

3-Chloro-cis ,cis-muconate 46±5.5 3.9±0.10 170 3.7 

2-Fluoro-cis ,cis-muconate   (<0.02) c

 

a  K m  and V m a x  values were calculated by nonl inear  regression with the program 

Enzfi t ter ,  and are  indicated as  the mean of  f ive determinat ions ± SD. 

b  The K c a t  values were calculated on the basis  of  a  subunit  molecular  mass of  43 

kDa.  

c  Detect ion l imit  for  specif ic  act ivi ty under the experimental  condit ions (e.g . ,  at  a  

substrate  concentrat ion of  0 .1 mM) 
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Figure legends 

 

Fig.1.  Restr ic t ion map of  a  sequenced region in  the inser t  of  p29D10 and cloned 

genes.  Open arrows show ORFs and direct ions of  their  t ranslat ion.  Abbreviat ions;  

A,  Apa I  s i te ;  B/S,  a  s i te  where BamHI and Sau3AI s i tes  are  l igated;  C,  Cla I  s i te ;  

EI ,  EcoRI si te ;  K,  KpnI  s i te ;  N,  NotI  s i te ;  P,  PstI  s i te ;  S,  SacI  s i te .   

 

 

Fig.  2 .  Sequence al ignment  of  CatB from Arthrobacter  sp.  BA-5-17 (A) with MC 

from S.  setoni i  (B) and MC from Rhodococcus opacus  1CP (C).  Aster isks indicate  

posi t ions where al l  amino acid residues are  ident ical .  The conserved amino acid 

residues,  which are  involved in  manganese coordinat ion or  in  the enzymatic  

mechanism of  cycloisomerizat ion,  are  indicated in  squares .   

 

 

Fig.  3 .  A phylogenet ic  t ree of  MCs and CMCs.  Accession numbers  for  the 

published sequences are as  fol lows:  ClcBI from R. opacus  1CP, AF003948; ClcBII 

from R. opacus  1CP,  AJ439407;  TcbD from Pseudomonas  sp.  P51,  M57629;  TfdD 

from R.eutropha  JMP134,  M31458;  TfdD from Burkholderia  sp.  NK8,  AB050198;  

CatB 1  from Frateuria  sp.  ANA-18,  AB009343; CatB from Acinetobacter  sp.  ADP1, 

AF009224;  CatB2 from Burkholderia  sp.  TH2,  AB035325;  CatB 2  from Frateuria  

sp.  ANA-18,  AB009373;  CatB from Burkholderia  sp.  NK8,  AB024746;  CatB from 

R. eutropha  335T,  AF042281;  CatB from Pseudomonas  sp.  CA10,  AB047272;  

CatB from P. put ida  PRS2000,  U12557;  TfdDII  from R. eutropha  JMP134,  

U16782;  CatB from Arthrobacter  sp.  BA-5-17,  AB109791;  CatB from S.  setoni i ,  
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AF435013; CatB from R. opacus  1CP, X99622; CatB from R. erythropolis  ANA-18,  

D83237.  

1 
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