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A B S T R A C T 

I d e ntifi c ati o n of g e n es e n c o di n g β-k et o a di p at e p at h w a y e n z y m es i n bi o d e gr a d ati o n of 

ar o m ati c c o m p o u n ds b y As p er gill us ni g er  

F ar n a z Ol y a ei 

F u n gi, t o g et h er wit h b a ct eri a, ar e r es p o nsi bl e f or t h e d e gr a d ati o n of ar o m ati c c o m p o u n ds i n 

t h e  e n vir o n m e nt.  T h e  β- k et o a di p at e  p at h w a y  is  a  c o m m o n  p at h w a y  f or  t h e  cl e a v a g e  of 

di h y dr o x yl at e d ar o m ati cs s u c h as c at e c h ol b ut w hil e t h e b a ct eri al e n z y m es f or t his p at h w a y 

h a v e b e e n w ell- c h ar a ct eri z e d, t h os e fr o m f u n gi h a v e n ot. 

T his p at h w a y i n b a ct eri a i n cl u d es t w o br a n c h es: o n e wit h si x e n z y m es t o c o n v ert c at e c h ol 

t o  a c et yl  c o e n z y m e  A  a n d  s u c ci n at e,  a n d  t h e  ot h er  wit h  s e v e n  e n z y m es  t o  c at al y z e  t h e 

c o n v ersi o n  of  pr ot o c at e c h u at e  ( 3, 4- di h y dr o x y b e n z o at e)  t o  t h e  s a m e  pr o d u cts  pl us  C O 2 . 

B L A S T  s e q u e n c e  c o m p aris o ns  i d e ntifi e d  g e n es  i n  t h e As p er gill us  ni g er   g e n o m e  t h at  ar e 

li k el y t o e n c o d e t h es e e n z y m es.  As p er gill us ni g er  c D N A w as us e d t o a m plif y 1 2 of t h es e 

g e n es,  w hi c h  w er e  s u bs e q u e ntl y  cl o n e d  usi n g  li g ati o n-i n d e p e n d e nt  cl o ni n g  i nt o  t h e 

p L A T E 1 1 v e ct or a n d t h e r es ulti n g pl as mi ds w er e t est e d f or e x pr essi o n i n E. c oli B L 2 1 . Of 

t h es e,  4  pr ot ei ns  w er e  s u c c essf ull y  e x pr ess e d  a n d  t h e n  p urifi e d  usi n g  a  c o m bi n ati o n  of 

c ol u m n  c hr o m at o gr a p h y  t e c h ni q u es.  Ass a ys  of  t w o  of  t h es e  pr ot ei ns  c o m bi n e d  wit h  U V 

a n al ysis  of  r e a cti o n  i nt er m e di at es  i n di c at e d  t h at  t h e y  e n c o d e  β- c ar b o x y m u c o n at e  c y cl as e 

( N R R L 3 _ 0 2 5 8 6)  a n d  β- c ar b o x y m u c o n ol a ct o n e  h y dr ol as e/ d e c ar b o x yl as e  ( N R R L 3 _ 0 1 4 0 9) 

a cti viti es fr o m t h e pr ot o c at e c h u at e br a n c h of t h e p at h w a y.   T h e β- c ar b o x y m u c o n ol a ct o n e 

h y dr ol as e/ d e c ar b o x yl as e w as s h o w n t o b e a m o n o m er a n d is t h e first s u c h e n z y m e t o w hi c h 

a  s e q u e n c e  h as  b e e n  assi g n e d.    T h e  ot h er  t w o  pr ot ei ns,  e n c o d e d  b y  N R R L 3 _ 1 0 5 0 7  a n d 

N R R L 3 _ 0 4 7 8 8, w er e a cti v e i n ass a ys f or m u c o n at e is o m er as e a n d 3- o x o a di p at e e n ol l a ct o n e 

h y dr ol as e, r es p e cti v el y, fr o m t h e c at e c h ol br a n c h of t h e p at h w a y. B ot h e n z y m es w er e f o u n d 

t o b e di m ers.  I n c o m p aris o n, t h e b a ct eri al m u c o n at e is o m er as e is a d e c a m eri c e n z y m e wit h 

s m all er s u b u nits, w hil e b a ct eri al 3- o x o a di p at e e n ol l a ct o n e h y dr ol as e is als o di m eri c. 

T h es e d at a h a v e r es ult e d i n t h e i d e ntifi c ati o n of m ol e c ul ar f u n cti o ns f or f o ur g e n es e n c o di n g 

k e y e n z y m es i n ar o m ati c d e gr a d ati o n b y A. ni g er . 
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1  I nt r o d u cti o n 

1. 1  A r o m ati c c o m p o u n ds i n t h e e n vi r o n m e nt: 

 Ar o m ati c c o m p o u n ds ar e o n e of t h e l ar g est a n d m ost di v ers e gr o u ps of c h e mi c als i n t h e e n vir o n m e nt. 

Alt h o u g h t h e t hr e e ar o m ati c a mi n o a ci ds p h e n yl al a ni n e, t yr osi n e  a n d tr y pt o p h a n, as w ell as t h eir 

d eri v ati v es, m a y b e f o u n d i n all or g a nis ms, ar o m ati cs ar e m ai nl y pr o d u c e d b y pl a nts, w h er e t h e y m a y b e 

f o u n d i n s e c o n d ar y m et a b olit es wit h di v ers e str u ct ur e, as w ell as i n t h e ar o m ati c p ol y m er li g ni n. 

M or e o v er, b y i n d ustri al a cti vit y, s y nt h eti c ar o m ati cs, m a n y of w hi c h ar e p etr ol e u m d eri v ati v es, c a n 

e nt er t h e e n vir o n m e nt.  

S o m e of t h e si m pl est of t h es e c h e mi c als ar e s h o w n i n Fi g ur e  1. 1.  

 

 

Fi g ur e 1. 1 : E x a m pl es of n at ur al a n d s y nt h eti c m o n o c y cli c a n d p ol y c y cli c ar o m ati c c o m p o u n ds a n d t h eir 

str u ct ur es 1, 2, 3 . 

T h e hi g h r es o n a n c e e n er g y of t h e ar o m ati c ri n g gi v es ar o m ati c c o m p o u n ds a n u n us u al st a bilit y a n d 

m a k es t h e m l ess s us c e pti bl e t o d e gr a d ati o n i n t h e e n vir o n m e nt . Si n c e s o m e of t h es e c o m p o u n ds h a v e 

b e e n r e p ort e d t o b e t o xi c a n d c ar ci n o g e ni c i n hi g h er or g a nis ms , t h eir d e gr a d a bilit y is of i nt er est. 

H u m a ns a n d a ni m als h a v e a li mit e d c a p a cit y t o pr o c ess ar o m ati c c o m p o u n ds.  T h eir i n v ol v e m e nt i n 

pri m ar y m et a b olis m i n t h es e or g a nis ms is li mit e d t o m et a b olis m of t h e t hr e e ar o m ati c a mi n o a ci ds a n d 
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t h eir d eri v ati v es. If t h e y c a n n ot b e d e gr a d e d, t h e y m a y b e s u bj e ct t o d et o xifi c atio n r e a cti o ns i n 

m a m m als , i n v ol vi n g c yt o c hr o m e P 4 5 0 e n z y m es w hi c h c a n h y dr o x yl at e t h e ar o m ati c ri n g a n d c o n v ert 

t h e m t o s o m e s e c o n d ar y m et a b olit es s u c h as p h e n ols a n d k et o n es4 . Gi v e n t h eir t o xi cit y a n d li mit e d 

d e gr a d ati o n i n hi g h er or g a nis ms, a n d t h e n e c essit y t o r e c y cl e t h e m i n t h e c ar b o n c y cl e, t h eir d e gr a d ati o n 

b y mi cr o or g a nis ms s u c h as b a ct eri a a n d f u n gi 5   i n t h e e n vir o n m e nt is of s ci e ntifi c i nt er est a n d c o n c er n6 . 

1. 2  D e g r a d ati o n of m o n o c y cli c a r o m ati c c o m p o u n ds b y mi c r o b es 

Bi o d e gr a d ati o n of ar o m ati c c o m p o u n ds b y b a ct eri a a n d f u n gi m ost l y o c c urs i n o n e of t w o w a ys 

d e p e n di n g o n w h et h er O 2  is pr es e nt or n ot: 

a.  A n a er o bi c: I n a n a er o bi c e n vir o n m e nts, mi cr o or g a nis ms us e nitr at e, s ulf at e, f erri c i o ns, C O 2  or 

ot h er el e ctr o n a c c e pt ers t o o xi di z e a n d d est a bili z e t h e ar o m ati c ri n g a n d t h e n d e gr a d e t h e 

r es ulti n g pr o d u cts. I n o n e a n a er o bi c p at h w a y, b e n z o at e is c o n v ert e d t o t h e a cti v at e d f or m, 

b e n z o yl- C o A as a m aj or m et a b olit e, a n d t h e n t his pr o d u ct is r e d u c e d b y b e n z o yl- C o A r e d u ct as e 

t o c y cl o h e x a- 1, 5- di e n e- 1- c ar b o x yl- C o A ( 1, 5- di e n o yl-C o A) w hi c h will p arti ci p at e i n f urt h er 

e n z y m e- m e di at e d d e gr a d ati o n r e a cti o ns a n d pr o d u c e  a c et yl- C o A m ol e c ul es 1, 5, 6, 7, 8 . 

b.  A er o bi c: o x y g e n is us e d as t er mi n al el e ctr o n a c c e pt or a n d f or h y dr o x yl ati o n a n d/ or 

di o x y g e n ati o n of t h e b e n z e n e ri n g t h at pr e c e d es a d diti o n al e n z y m e- c at al y z e d r e a cti o ns t h at 

c o n v ert t h e ri n g cl e a v a g e pr o d u ct t o c e ntr al m et a b olit es 1, 9, 1 0 . 

 

F or t h e p ur p os e of t his t h esis o nl y a er o bi c mi cr o bi al c at a b olis m of ar o m ati cs is r e vi e w e d, si n c e t h e 

p at h w a ys u n d er st u d y o c c ur i n t h e pr es e n c e of o x y g e n.  F urt h er m or e , t h e c o m p o u n ds u n d er st u d y ar e all 

m o n o c y cli c s o p ol y c y cli c ar o m ati cs ar e n ot dis c uss e d f urt h er. 

1. 3  A e r o bi c d e g r a d ati o n of m o n o c y cli c a r o m ati c c o m p o u n ds 

T h e mi cr o bi al pr o c ess es f or d e gr a d ati o n of m o n o c y cli c ar o m ati cs h a v e b e e n m ost i nt e nsi v el y st u di e d i n 

b a ct eri a.  P at h w a ys c o n v er g e o n c o m m o n di h y dr o x yl at e d s u bstr at e s f or ri n g cl e a v a g e di o x y g e n as es.  I n 

t h es e pr o c ess es, o x y g e n as es ( eit h er m o n o o x y g e n as es or di o x y g e n as es) a cti v at e O 2  a n d r e a ct it i n w a ys 

t h at l e a d t o pr o d u cti o n of di-h y dr o x yl at e d b e n z e n e ri n gs. Di h y dr o x yl at e d ri n gs wit h t h e  h y dr o x yls eit h er 

ort h o  or p ar a  t o e a c h ot h er ar e s u bstr at es f or ri n g cl e a v a g e di o x y g e n as es1 1 .   T w o c o m m o n 
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di h y dr o x yl at e d pr o d u cts f or ri n g cl e a v a g e di o x y g e n as es ar e c at e c h ol ( 1, 2- di h y dr o x y b e n z e n e) a n d 

pr ot o c at e c h u at e ( 3, 4- di h y dr o x y b e n z o at e), w h os e m et a b olis m b y t h e b a ct eri u m Ps e u d o m o n as p uti d a w as 

 ori gi n all y e xt e nsi v el y st u di e d b y Or nst o n a n d c oll e a g u es1 2, 1 3, 1 4, 1 5 . Ri n g cl e a v a g e e n z y m es m a y 

g e n er all y b e cl assifi e d as eit h er i ntr a di ol di o x y g e n as es or e xtr a di ol di o x y g e n as es d e p e n di n g o n h o w 

t h e y cl e a v e t h e ar o m ati c ri n g1, 1 6 .  I ntr a di ol di o x y g e n as es cl e a v e t h e ri n g m ol e c ul e b et w e e n t h e h y dr o x yl 

gr o u ps, w hi c h r es ults i n “ ort h o  cl e a v a g e ” ( als o c all e d “i ntr a di ol cl e a v a g e ”) a n d e xtr a di ol di o x y g e n as es 

cl e a v e t h e ri n g a dj a c e nt t o o n e of t h e h y dr o x yl gr o u ps a n d r es ults i n “ m et a  cl e a v a g e ” ( als o k n o w n as 

e xtr a di ol cl e a v a g e ”) 9, 1 0  ( Fi g ur e 1. 2).  D e p e n di n g o n t h e s p e ci es a n d t h e gr owt h s u bstr at e, b a ct eri a c a n 

cl e a v e c at e c h ol a n d pr ot o c at e c h u at e eit h er b y i ntr a di ol or e xt r a di ol cl e a v a g e, a n d t h e m et a b olis m of t h e 

r es ulti n g ri n g cl e a v a g e pr o d u cts will e a c h b e d e gr a d e d b y c h ar act eristi c s uit es of e n z y m es t o Kr e bs 

c y cl e or gl y c ol yti c i nt er m e di at es 9, 1 0 . 

 

Fi g ur e 1. 2 : Ar o m ati c ri n g cl e a v a g e f or t w o c o m m o n ri n g cl e a v a g e s u bstr at es, pr o d u c e d fr o m p-

h y dr o x y b e n z o at e a n d b e n z o at e 1  

T h e r est of t his I ntr o d u cti o n, a n d t h e t o pi c of t h e r es e ar c h i n t his t h esis, is c o n c er n e d wit h t h e ort h o-

cl e a v a g e of c at e c h ol a n d pr ot o c at e c h u at e, w hi c h alt h o u g h t h e y a r e cl e a v e d b y di o x y g e n as es of diff er e nt 
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s p e cifi cit y, c at e c h ol 1, 2- di o x y g e n as e a n d pr ot o c at e c h u at e- 3, 4- di o x y g e n as e, r es p e cti v el y, ar e e v e nt u all y 

c o n v ert e d b y s e p ar at e p at h w a ys t o β- k et o a di p at e.  T h us, t h e c orr es p o n di n g c at a b oli c p at h w a ys f or t h es e 

t w o c o m p o u n ds ar e r ef err e d t o as t h e t w o br a n c h es of t h e “ β-k et o a di p at e p at h w a y ” 2 . 

1. 4  T h e β- k et o a di p at e p at h w a y i n b a ct e ri a 

T his p at h w a y is distri b ut e d a m o n g a r a n g e of mi cr o or g a nis ms , b ut it h as b e e n m ost e xt e nsi v el y st u di e d 

i n b a ct eri a.  Alt h o u g h t h e i n v ol v e m e nt of β- k et o a di p at e i n d e gr a d ati o n of c ert ai n ar o m ati cs h a d b e e n 

d e m o nstr at e d as e arl y as t h e 1 9 5 0’s i n b ot h b a ct eri a 1 2, 1 3, 1 4, 1 5   a n d f u n gi 1 7, 1 8, 1 9 , t h e bi o c h e mistr y, 

c h e mistr y, e n z y m ol o g y a n d g e n eti cs of t h e p at h w a y w er e w or k e d o ut i n d et ai l d uri n g t h e 1 9 6 0s a n d 

1 9 7 0s i n t h e b a ct eri u m Ps e u d o m o n as p uti d a  b y L Ni c h ol as Or nst o n a n d his c oll e a g u es1 2, 1 3, 1 4, 2 0 .  

 

1. 4. 1  C at e c h ol b r a n c h of t h e β- k et o a di p at e p at h w a y i n b a ct e ri a 

I n t his br a n c h ( Fi g ur e 1. 3 c) c at e c h ol, t h e ri n g cl e a v a g e s u bstr at e, is c o n v ert e d t o cis, cis - m u c o ni c a ci d 

b y c at e c h ol 1, 2- di o x y g e n as e 1 4, 1 8, 2 1 . N e xt, m u c o n ate c y cl as e l a ct o ni z es t his m et a b olit e t o 

m u c o n ol a ct o n e. T his pr o d u ct is t h e n tr a nsf or m e d t o 3- k et o a di p at e e n ol l a ct o n e b y m u c o n ol a ct o n e 

is o m er as e t hr o u g h a n e n d o c y cli c r e arr a n g e m e nt of t h e d o u bl e b o n d of m u c o n ol a ct o n e t o cr e at e β-

k et o a di p at e e n ol-l a ct o n e 2 2 .  F oll o wi n g t h at, β- k et o di p at e e n ol l a ct o n e h y dr ol as e cl e a v es β- k et o a di pat e 

e n ol-l a ct o n e b y h y dr ol ysis t o β- k et o a di p at e 1 4, 1 8 . 

1. 4. 2  P r ot o c at e c h u at e b r a n c h of t h e β- k et o a di p at e p at h w a y i n b a ct e ri a 

I n t his br a n c h i n b a ct eri a ( Fi g. 1. 3 b), pr ot o c at e c h u at e is cl e a v e d t o β- c ar b o x y-cis, cis - m u c o ni c a ci d b y 

pr ot o c at e c h u at e 3, 4- di o x y g e n as e 1 4, 1 8 . T his m et a b olit e is c o n v ert e d t o β- c ar b o x y m u c o n ol a ct o n e t hr o u g h 

g a m m a-l a ct o ni z ati o n  b y  a s y n - 1, 2  a d diti o n- eli mi n ati o n  r e a cti o n:  t h e  r es p o nsi bl e  e n z y m e  is  β-

c ar b o x y m u c o n at e  c y cl as e.  B y  d e c ar b o x yl ati o n,  β- c ar b o x y m u c o n ol a ct o n e  is  c o n v ert e d  b y  β-

c ar b o x y m u c o n ol a ct o n e  d e c ar b o x yl as e  t o  β- k et o a di p at e  e n ol-l a ct o n e  a n d  t h e n,  si mil ar  t o  t h e  c at e c h ol 

p at h w a y,  b y  h y dr ol ysis  of  3- o x o a di p at e  e n ol-l a ct o n e  b y  β- k et o a di p at e  h y dr ol as e,  β- k et o a di p at e  is 

pr o d u c e d.  
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1. 4. 3  E n z y m ol o g y of t h e β- k et o a di p at e p at h w a y i n b a ct e ri a 

All of t h e e n z y m es i n v ol v e d i n t h e β- k et o a di p at e p at h w a y i n P. p uti d a  h a v e b e e n p urifi e d t o 

h o m o g e n eit y a n d c h ar a ct eri z e d at l e ast t o s o m e e xt e nt.  M u c h of t his w or k w as d o n e b y Or nst o n a n d 

c oll e a g u es d uri n g t h e c o urs e of t h eir pi o n e eri n g w or k o n t h e bi o c h e mistr y of t h e p at h w a y: t his i n cl u d es 

β- c ar b o x y m u c o n at e l a ct o ni zi n g e n z y m e, m u c o n at e l a ct o ni zi n g e n z y m e, β - c ar b o x y m u c o n ol a ct o n e 

d e c ar b o x yl as e, m u c o n ol a ct o n e is o m er as e a n d β- k et o a di p at e e n ol- l a ct o n e h y dr ol as e1 2, 1 3, 1 4 .  Ot h ers w er e 

d es cri b e d els e w h er e, i n cl u di n g: pr ot o c at e c h u at e 3, 4- di o x y g e n as e, c at e c h ol 1, 2- di o x y g e n as e a n d β-

c ar b o x y m u c o n ol a ct o n e h y dr ol as e 1 8, 2 3, 2 4 . 

1. 4. 3. 1  L a ct o ni zi n g e n z y m es 

          T h e b a ct eri al l a ct o ni zi n g e n z y m es s h ar e s o m e pr o p erti es. T h e p H o pti m u m of b ot h t h e β-

c ar b o x y m u c o n at e l a ct o ni zi n g e n z y m e a n d t h e m u c o n at e l a ct o ni zi n g e n z y m e is r e p ort e d t o b e b et w e e n 

p H 6 a n d p H 8. Als o, p h os p h at e i o n c o ul d i n hi bit t h e a cti vit y of t h e s e  e n z y m es a n d b ot h e n z y m es ar e 

st a bl e at 6 0 ° C f or a b o ut 3 0 mi n 1 3 . 

I n t h e ot h er h a n d t h e y ar e diff er e nt i n t er ms of t h eir m ol e c ul ar w ei g ht a n d Mi c h a elis c o nst a nt. T h e 

m ol e c ul ar w ei g ht f or β- c ar b o x y m u c o n at e l a ct o ni zi n g e n z y m e h as b e e n r e p ort e d t o b e 1 9 0, 0 0 0 w h er e as 

f or t h e m u c o n at e l a ct o ni zi n g e n z y m e h as b e e n r e p ort e d t o b e 2 2 0, 0 0 0. T h e β- c ar b o x y m u c o n at e 

l a ct o ni zi n g e n z y m e Mi c h a elis c o nst a nt is r e p ort e d t o b e 7. 5 × 1 0- 5 M a n d f or m u c o n at e l a ct o ni zi n g 

e n z y m e is r e p ort e d t o b e 1. 0 × 1 0 - 4 M. B ot h M g Cl2  a n d M n Cl2  sti m ul at e of t h e m u c o n at e l a ct o ni zi n g 

e n z y m e a cti vit y 2 0, 2 2 .  Alt h o u g h t h es e e n z y m es s h ar e s o m e pr o p erti es, t h e y ar e n ot a bl e  t o l a ct o ni z e t h e 

s u bstr at es of e a c h ot h er. 

1. 4. 3. 2  bb - c a r b o x y m u c o n ol a ct o n e d e c a r b o x yl as e, m u c o n ol a ct o n e is o m e r as e 

            T h e m ol e c ul ar w ei g hts of b ot h e n z y m es ar e esti m at e d t o b e 9 3 0 0 0 D alt o ns a n d t h e y c o n v ert t h eir 

s u bstr at es t o t h e b - k et o a di p at e e n ol-l a ct o n e t hr o u g h a si mil ar m e c h a nis m. Als o, t h eir Mi c h a elis c o nst a nt 

is r e p ort e d t o b e 8. 2 × 1 0- 4 M. B ut t h e y d o n ot h a v e a n y a cti vit y f or t h e s u bstr at e of t h e oth er e n z y m e 2 0, 

2 2 .  

1. 4. 3. 3  β- k et o a di p at e e n ol-l a ct o n e h y d r ol as e 

         T h e o pti m al a cti vit y of t his e n z y m e w as  r e p ort e d t o b e b et w e e n p H 7. 5 a n d p H 1 0. T h e Mi c h a elis 

c o nst a nt f or β- k et o a di p at e e n ol- l a ct o n e h y dr ol as e Mi c h a elis c o nst a nt is r e p ort e d t o b e 1. 2 × 1 0-s M. T h e 

m ol e c ul ar w ei g ht of t his e n z y m e is r e p ort e d t o b e 3 3, 0 0 0 2 0, 2 2 . 
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Fi g ur e 1. 3: T h e β- k et o a di p at e p at h w a y i n f u n gi a n d b a ct eri a; a) pr ot o c at e c h u at e  br a n c h i n b a ct eri a a n d 

f u n gi, b) b a ct eri al pr ot o c at e c h u at e br a n c h, c) f u n g al c at e c h ol br a n c h.  Us e d b y p er missi o n of Dr. J. 

P o wl o ws ki.  

1. 4. 4  G e n eti cs a n d r e g ul ati o n of t h e β- k et o a di p at e p at h w a y i n b a ct e ri a 

T h e g e n eti cs a n d r e g ul ati o n of t h e β- k et o a di p at e p at h w a y h a v e b e e n e xt e nsi v el y st u di e d i n b a ct eri a, 

w h er e t h e p at h w a y is c hr o m os o m all y e n c o d e d i n Ps e u d o m o n as p uti d a . G e n es i n v ol v e d i n t h e c at e c h ol 

br a n c h ( c at  g e n es) a n d pr ot o c at e c h u at e br a n c h (p c a  g e n es) i n b e n z o at e a n d 4- h y dr o x y b e n z o at e 

d e gr a d ati o n h a v e b e e n i d e ntifi e d 2 5, 2 6, 2 7, 2 8, 2 9 . C at  g e n es i n cl u d e c at A , e n c o di n g c at e c h ol 1, 2-

di o x y g e n as e, c at B  w hi c h e n c o d es cis, cis - m u c o n at e l a ct o ni zi n g e n z y m e a n d c at C  t h at e n c o d es 

m u c o n ol a ct o n e is o m er as e.  It h as b e e n r e p ort e d t h at t h e p c a  g e n es ar e arr a n g e d i n f o ur cl ust ers p c a H G, 

p c a B D C, p c aI J, a n d p c a F 2 6, 2 7, 2 9 . M ost of t h es e g e n es ar e r e g ul at e d b y p c a R as a n i n d u c er. T h e 

r e g ul at or y e n z y m e i n pr ot ei n e x pr essi o n of p c a H G, e n c o di n g pr ot o c at e c h u at e 3, 4- di o x y g e n as e, h as n ot 

b e e n r e p ort e d. E x pr essi o n of t his g e n e is i n d u c e d b y pr ot o c at e c h u at e. T h e p c a B D C  cl ust er i n cl u d es 

g e n es e n c o di n g β- c ar b o x y m u c o n at e l a ct o ni zi n g e n z y m e ( p c a B ), β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e 

(p c a D ), a n d β- c ar b o x y m u c o n ol a ct o n e d e c ar b o x yl as e (p c a C ).  T h e p c aI J cl ust er  i n cl u d es g e n es e n c o di n g 

β- k et o a di p at e: s u c ci n yl- c o e n z y m e A, a n d β- k et o a di p at e: s u c ci n yl - C o A tr a nsf er as e3 0 . T h e p ositi o ns of 

a)  

b)  

c)  
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c at  g e n es ar e at 4 2 3 6- 4 2 3 9 k b of t h e P. p uti d a K T 2 4 4 0  g e n o m e, a n d f or p c a  g e n es ar e at 1 5 6 6- 1 5 7 5 k b 

f or p c a R K F T B D C P , at 4 4 5 7 – 4 4 5 9 k b f or p c aI J  a n d at 5 2 8 1 – 5 2 8 2 k b f or p c a G H r3 1  . 

1. 5  T h e β- k et o a di p at e p at h w a y i n A. ni g er 

I n g e n er al, it h as b e e n r e p ort e d t h at A.  ni g er , a fil a m e nt o us as c o m y c et e f u n g us, c a n gr o w o n a wi d e r a n g e 

of  ar o m ati cs  s u c h  as  b e n z o at e  a n d  its  d eri v ati v es,  pr ot o c at e c h u at e,  c at e c h ol,    v a nill at e,  f er ul at e,  a n d 

c aff e at e 1 8 . A f e w of its e n z y m es a n d a cti viti es, li k el y i n v ol v e d i n ar o m ati c d e gr a d ati o n all o wi n g gr o wt h 

o n s o m e of t h es e c o m p o u n ds, h a v e b e e n p urifi e d, a n d t h eir c h ar a ct eristi cs h a v e b e e n i d e ntifi e d. T h es e 

e n z y m es i n cl u d e b e n z o at e h y dr o x yl as e 3 2 , p- h y dr o x y b e n z o at e h y dr o x yl as e3 3   a n d 2, 3- di h y dr o x y b e n z o at e 

d e c ar b o x yl as e 3 4 .  S e v er al e n z y m es of t h e β- k et o a di p at e p at h w a y, h a v e b e e n p urifi e d a n d t o s o m e e xt e nt 

c h ar a ct eri z e d,  as  d es cri b e d  b el o w.  H o w e v er,  wit h  t h e  e x c e pti o n  of  b e n z o at e  h y dr o x yl as e,  t h e  g e n es 

e n c o di n g t h es e e n z y m es h a v e n ot b e e n i d e ntifi e d wit h c ert ai nt y. 

R B C ai n et al. i n t h e 1 9 6 0s a n d 1 9 7 0s st u di e d m a n y of t h e m et a b olit es a n d e n zy m e a cti viti es of t h e 

pr ot o c at e c h u at e br a n c h of t h e β- k et o a di p at e p at h w a y i n A. ni g er 1 8, 2 3, 2 4 .  T h e k n o w n bi o c h e mi c al d et ails 

of t h e p at h w a ys i n b a ct eri a a n d A. ni g er  ar e si mil ar i n m a n y r es p e cts, b ut n ot all.  T h e bi g g est diff er e n c e 

is t h at i n A. ni g er  a n d s o m e ot h er f u n gi1 7, 1 8 , f oll o wi n g i ntr a di ol cl e a v a g e of pr ot o c at e c h u at e, β-

c ar b o x y m u c o n at e c y cl as e c o n v erts β- c ar b o x y m u c o ni c a ci d t o β- c ar b o x y m u c o n ol a ct o n e ( Fi g ur e 1. 3 c), 

r at h er t h a n ᵧ- c ar b o x y m u c o n ol a ct o n e ( Fi g ur e 1. 3 b). T his m et a b olit e t h e n u n d er g o es d e c ar b o x yl ati o n 

f oll o w e d b y h y dr ol ysis a p p ar e ntl y usi n g o nl y o n e e n z y m e with b ot h a cti viti es: β- c ar b o x y m u c o n ol a ct o n e 

h y dr ol as e 1 8, 2 3, 2 4  ( Fi g ur e 1. 3. c).  O n t h e ot h er h a n d, t h e e n z y m e a cti viti es of th e c at e c h ol br a n c h of t h e β-

k et o a di p at e p at h w a y w er e n ot r e p ort e d i n t h es e st u di es. S o m e st u di es o n t his br a n c h h a v e b e e n d o n e o n 

Tri c h os p or o n c ut a n e u m  usi n g p h e n ol a n d r es or ci n ol as a s o ur c e of c ar b o n b y G a al et al.  T h e y h a v e 

r e p ort e d t w o e n z y m es ar e i n v ol v e d i n t h e d el a ct o ni zi n g as i n b a ct eri al 1 9 . 

S o m e m u c o n at e l a ct o ni zi n g e n z y m es ( M L E) of t h e β- k et o a di p at e p at h w a y fr o m diff er e nt f u n g al s p e ci es 

h a v e b e e n st u di e d a n d c o m p ar e d wit h t h eir b a ct eri al c o u nt er p arts.  T h es e st u di es f o c us e d o n diff er e n c es 

b et w e e n pr o k ar y oti c a n d e u k ar yti c M L E e n z y m es i n t er ms of t h ei r 3 D str u ct ur e a n d m e c h a nis m. T h e 

r es ult of st u di es o n M L E fr o m Tri c h os p or o n c ut a n e u m 3 5, 3 6, 3 7   a n d C M L E fr o m N e ur os p or a cr ass a 3 8, 3 9  

r e v e al t h at e u kar y oti c c y cl ois o m er as es ar e n ot r el at e d t o t h e pr o k ar y oti c c y cl ois o m er as es a n d t h e y h a v e 

a u ni q u e str u ct ur al m otif i n e u k ar oti c mi cr o or g a nis ms.  

Als o, a disti n g uis h a bl e s u bstr at e s p e cifi cit y h as b e e n r e p ort e d f or t h es e e n z y m es 3 6, 3 7 . 
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T hr e e cl ass es of M L E e xist: 

1.  T h e pr o k ar y oti c M L Es wit h TI M b arr el: t h es e e n z y m es ar e r el at e d t o m a n d el at e r a c e m as e3 9, 4 0, 4 1 .  

2.  T h e pr o k ar y oti c C M L Es r el at e d t o t h e f u m ar as e cl ass II f a mil y 3 8, 3 9 .  

3.  E u k ar y oti c M L Es a n d C M L Es w hi c h ar e g e n eti c all y r el at e d t o e a c h ot h er 3 8 .  T h es e e n z y m es d o n ot 

n e e d m et al c of a ct ors f or t h eir a cti vit y.  T his is si mil ar t o pr o k ar y oti c C M L Es, b ut t h e y c at al y z e 

a s y n a d diti o n r e a cti o n si mil ar t o pr o k ar y oti c M L Es. 

I n t er ms of t h e str u ct ur e, pr o k ar y oti c M L E  a n d C M L Es c o nt ai n a n α/ β b arr el w h er e as e u k ar y oti c C M L Es 

c o nt ai ns a s e v e n- bl a d e d β pr o p ell er 3 9, 4 0
. 

1. 6  Assi g n m e nt of β- k et o a di p at e p at h w a y e n z y m e f u n cti o ns t o A. ni d ul a ns  g e n es b as e d o n 

g e n o mi c a n d p r ot e o mi c a n al ys es 

I n a r e c e nt st u d y, t h e s e q u e n c es of  A. ni d ul a ns  g e n es e n c o di n g e n z y m es i n v ol v e d i n t h e β- k et o a di p at e 

p at h w a y w er e  pr o p os e d b as e d o n g e n o mi cs a n d pr ot e o mi cs a n al ys e s 2 1 . I n t hat  st u d y A. ni d ul a ns  

m y c eli al a n d e xtr a c ell ul ar pr ot ei ns w er e a n al ys e d a n d i d e ntifi e d usi n g t w o- di m e nsi o n al g el 

el e ctr o p h or esis ( 2 D E) a n d Pr ot ei n Pil ot soft w ar e. S o m e g e n e r e pl a c e m e nt m ut a nts w er e pr e p ar e d a n d t h e 

m ut a nts w er e gr o w n o n s oli d a n d li q ui d m e di a s u p pl e m e nt e d wit h a c et at e ( as a n e g ati v e c o ntr ol), 

b e n z o at e or s ali c yl at e as t h e c ar b o n s o ur c es. T h e gr o wt h of t h e  m ut a nts w as m o nit or e d i n or d er t o assi g n 

t h e ess e nti al g e n es i n b ot h c at e c h ol ( us e d b y s ali c yl at e) an d pr ot o c at e c h u at e ( us e d b y b e n z o at e) 

br a n c h es 2 1 .  T h es e assi g nm e nts w er e us e d i n t h e c o urs e of t his st u d y t o h el p i d e nti f y p ossi bl e 

ort h ol o g u es i n A. ni g er  t o t ar g et f or e x pr essi o n a n d p urifi c ati o n, f or f urt h er st u d y an d c h ar a ct eri z ati o n at 

t h e e n z y m e l e v el.  I n s o m e c as es, b a ct eri al g e n e s e q u e n c es e n co di n g β- k et o a di p at e p at h w a y e n z y m es 

w er e als o us e d.  

1. 7  T h e g o al of t his st u d y  

T h e pr es e nt st u d y ai ms t o i d e ntif y g e n es e n c o di n g e n z y m es i n v ol v e d i n t h e d o w nstr e a m 

r e a cti o ns of t h e β- k et o a di p at e p at h w a y i n t h e m o d el f u n g us A. ni g er , a n d t o u n a m bi g u o usl y assi g n 

f u n ctio ns b as e d o n e x pr essi o n a n d dir e ct ass a ys of e n z y m e a cti vit y. T h e g e n o m e s e q u e n c es of m a n y 

diff er e nt str ai ns of A. ni g er h a v e b e e n r e p ort e d a n d c urr e ntl y ar e a v ail a bl e,  f or e x a m pl e  of  A. ni g er  

A T C C 1 0 1 5 v 4. 0 4 2   (J oi nt G e n o m e I nstit ut e), a n d A. ni g er   N R R L 34 3 .  T his ai ds i d e ntifi c ati o n of 

p ot e nti al g e n es e n c o di n g e n z y m es i n v ol v e d i n t h e β- k et o a di p at e or r el at e d c at a b oli c p at h w a ys. T h e 
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w or k r e p ort e d h er e i n v ol v es bi oi nf or m ati cs a n al ys es , r e c o m bi n a nt e x pr essi o n of s el e ct e d g e n es, t esti n g 

of e x pr ess e d pr ot ei ns f or r el e v a nt e n z y m e a cti viti es a n d i n s o m e c as es a d diti o n al e n z y m e 

c h ar a ct eri z ati o n. Assi g n m e nt of m ol e c ul ar f u n cti o ns t o s p e cifi c  g e n e pr o d u cts is e x p e ct e d t o e n a bl e 

f urt h er st u d y of t h e i m p ort a n c e a n d r el e v a n c e of t h e β- k et o a di p at e p at h w a y i n f u n gi. 
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2  M at e ri als a n d M et h o ds 

2. 1  M at e ri als 

Oli g o n u cl e oti d e pri m ers w er e s y nt h esi z e d b y I nt e gr at e d D N A T e c h n ol o gi es I n c. ( C or al vill e, I o w a, 

U S A) . T h e f or w ar d pri m ers i n cl u d e d 5'- A G A A G G A G A T A T A A C T-3’ at t h e b e gi n ni n g a n d t h e r e v ers e 

pri m ers st art e d wit h 5'- G G A G A T G G G A A G T C A- 3’f or t h e cl o ni n g of t h e g e n es of i nt er est i nt o t h e 

p L A T E 1 1 v e ct or of t h e T h er m o S ci e ntifi c a LI Ci c at or LI C cl o ni n g kit. T h e pr e di ct e d T m’s f or t h e 

pri m ers w er e 6 5 o C or gr e at er a n d t h eir G C c o nt e nts w er e b et w e e n 4 0- 6 0 %.   

D N A s e q u e n ci n g w as c arri e d o ut at t h e M c Gill U ni v ersit y a n d G e n o m e Q u e b e c I n n o v ati o n C e ntr e, 

M o ntr e al, Q u e b e c.   

T h e G e n e R ul er 1 k b D N A L a d d er ( T h er m o S ci e ntifi c) w as us e d as t h e st a n d ar d f or a g ar os e g el 

el e ctr o p h or esis. T h e P C R fr a g m e nt 6 X l o a di n g d y e b uff er ( T h er m o S ci e ntifi c) w as us e d t o pr e p ar e 

s a m pl es f or el e ctr o p h or esis. T h e D N A p ol y m er as e us e d i n P C R r e a cti o ns w as P h usi o n Hi g h- Fi d elit y 

D N A P ol y m er as e ( N e w E n gl a n d Bi ol a bs ( N E B)). F or P C R r e a cti o ns , t h e A p pli e d Bi os yst e ms V erti 9 6 

W ell T h er m al C y cl er w as us e d. 

2. 2  G e n e fi n di n g a n d bi oi nf o r m ati cs 

 G e n es w er e i d e ntifi e d b y q u er yi n g t h e A. ni g er g e n o m e r e p osit ori es f or t w o str ai ns, A T C C 1 0 1 5 v 4. 0 4 2  

( J oi nt G e n o m e I nstit ut e), a n d t h e A. ni g er  N R R L 3 g e n o m e4 3  wit h g e n e s e q u e n c es fr o m A. ni d ul a ns ,  

Ps e u d o m o n as p uti d a a n d A ci n et o b a ct er c al c o a c eti c us . Oli g o n u cl e oti d e pri m ers f or P C R w er e d esi g n e d 

b as e d o n t h e c o di n g r e gi o n of g e n es li k el y t o e n c o d e t h e e n z y m e s i n v ol v e d i n t h e d o w nstr e a m r e a cti o ns 

of t h e β- k et o a di p at e p at h w a y.  

2. 3  P C R a m plifi c ati o n a n d pl as mi d c o nst r u cti o n 

A. ni g er   c D N A  fr o m  alf alf a- b arl e y  gr o w n  c ells  w as  pr o vi d e d  b y  A n ni e  B ell e m ar e  a n d  S a n dri n e 

M ar q u et e a u at t h e C e ntr e f or Str u ct ur al a n d F u n cti o n al G e n o mi cs ( C F S G) a n d w as us e d as a t e m pl at e t o 

a m plif y  g e n es.    T h e  P C R  pri m ers  ( T a bl e  2. 1)  w er e  d esi g n e d  a c c or di n g  t o  t h e  i nstr u cti o ns  fr o m  t h e 

m a n uf a ct ur er of t h e LI C at or LI C cl o ni n g kit ( T h er m o S ci e ntifi c) 4 4  . T h e f or w ar d pri m ers st art e d wit h t h e 

n u cl e oti d es  5'- A G A A G G A G A T A T A A C T- 3’,  a n d  t h e  r e v ers e  pri m ers  st art e d  wit h  5'-

G G A G A T G G G A A G T C A- 3’. 
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Pri m er S e q u e n c e ( 5’ → 3’) 

N R R L 3 _ 0 2 5 8 6 

F or w ar d  

A G A A G G A G A T A T A A C T A T G A A G C A T C A T C T T A T G G T C G G T A C C T G G 

N R R L 3 _ 0 2 5 8 6 

R e v ers e  

G G A G A T G G G A A G T C A T T A A T C A T A C C A A A T T G C A T T C A T A C C G A A T C C C  

N R R L 3 _ 0 0 8 3 7 

F or w ar d  

A G A A G G A G A T A T A A C T A T G C G T C T C C C C T A C G 

N R R L 3 _ 0 0 8 3 7 

R e v ers e  

G G A G A T G G G A A G T C A T C A C T T C C T C T C A A G A T C A G C C A C C A G 

N R R L 3 _ 0 8 3 4 0 

F or w ar d  

A G A A G G A G A T A T A A C T A T G A C C A A A A A A G T C G A G G T T G A C C 

N R R L 3 _ 0 8 3 4 0 

R e v ers e  

G G A G A T G G G A A G T C A T T A T G A G C G C T T G T A C T C C C C A T T C 

N R R L 3 _ 1 0 5 0 7 

F or w ar d  

A G A A G G A G A T A T A A C T A T G A C C T A C A C C A T C A C C T C C C 

N R R L 3 _ 1 0 5 0 7 

R e v ers e  

G G A G A T G G G A A G T C A T C A T T T C T T C C C A C C C T G C 

N R R L 3 _ 0 7 5 6 9 

F or w ar d  

A G A A G G A G A T A T A A C T A T G C C A T A T C T C A C C C A C A A T G A A A T T C 

N R R L 3 _ 0 7 5 6 9 

R e v ers e  

G G A G A T G G G A A G T C A C T A A A G A T T C G C T T T G G G T T T C C C 

N R R L 3 _ 0 1 8 8 6 

F or w ar d  

A G A A G G A G A T A T A A C T A T G T C G C G G C C T G T T C C 

N R R L 3 _ 0 1 8 8 6 

R e v ers e  

G G A G A T G G G A A G T C A T T A C A G C A T A G G C T T C A G A T C A G C 

N R R L 3 _ 0 1 5 9 3 

F or w ar d  

A G A A G G A G A T A T A A C T A T G G C A A C C A T T C G A T T A T C C 

N R R L 3 _ 0 1 5 9 3 

R e v ers e  

G G A G A T G G G A A G T C A T C A T T C C A T G A T C T C T C A T T C C 

N R R L 3 _ 1 1 6 4 0 

F or w ar d  

A G A A G G A G A T A T A A C T A T G C C G T C A C A A G T G G C 

N R R L 3 _ 1 1 6 4 0 

R e v ers e  

G G A G A T G G G A A G T C A C T A C A G C A T C G G C T T G A C A T C 

N R R L 3 _ 0 1 4 0 9 

F or w ar d  

A G A A G G A G A T A T A A C T A T G G C G A C C C C C G G C 

N R R L 3 _ 0 1 4 0 9 

R e v ers e  

G G A G A T G G G A A G T C A C T A G T G C A G G T A C T C A T T C A C C A C C G 

N R R L 3 _ 0 4 7 8 8 

F or w ar d  

A G A A G G A G A T A T A A C T A T G C C G A C C G T C A C C 

N R R L 3 _ 0 4 7 8 8 

R e v ers e  

G G A G A T G G G A A G T C A T T A C A G G G T T T G C A C A A A C C 

N R R L 3 _ 1 1 1 2 0 

F or w ar d  

A G A A G G A G A T A T A A C T A T G A C C G A A C T A A G A A T C A C C A A A A T C G A C 

N R R L 3 _ 1 1 1 2 0 

R e v ers e  

G G A G A T G G G A A G T C A T C A A T C A T A A C T A G C A A C C G G C T C 

T a bl e 2. 1: Pri m er S e q u e n c es us e d f or g e n e a m plifi c ati o n 
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P C R w as p erf or m e d usi n g t h e T o u c h d o w n ( T D) P C R t e c h ni q u e 4 5 , a n d t h e s etti n gs us e d t o a m plif y all 

g e n es ar e s h o w n i n T a bl e 2. 2. 

 

T a bl e 2. 2: T D P C R p ar a m et ers f or g e n e a m plifi c ati o n. 

D N A fr a g m e nts w er e s e p ar at e d b y el e ctr o p h or esis at 1 0 0 V o n a  1 % a g ar os e g el4 6 . 3 0 µl Et hi di u m 

br o mi d e w as a d d e d i n t h e g el t o vis u alis e t h e fr a g m e nts.  T h e  b a n ds of i nt er est w er e c ut o ut aft er 

i d e ntif yi n g u n d er F ot o d y n e U V ill u mi n at or usi n g a n al yti c al m o d e a n d p urifi e d usi n g t h e R o c h e Hi g h 

P ur e P C R Pr o d u ct P urifi c ati o n Kit 4 7 , t h e n i ns ert e d i nt o pr e-li n e ari z e d v e ct or p L A T E 1 1 fr o m t h e 

a LI C at or LI C cl o ni n g kit, ess e nti all y as d es cri b e d b y t h e m a n uf a ct ur er 4 4  . 

2. 4   T r a nsf o r m ati o n of E. c oli  

T h e r e c o m bi n a nt pl as mi ds w er e tr a nsf or m e d 4 8  i nt o E. c oli D H 5 α. A bri ef d es cri pti o n of t h e pr o c e d ur e is 

as f oll o ws. 

T h e cl o ni n g pr o d u ct ( 1 0 μl) w as mi x e d wit h D H 5 α c o m p et e nt c ells  ( 5 0 μl) a n d i n c u b at e d o n i c e f or 3 0 

mi n. T h e n, t h e mi xt ur e w e nt t hr o u g h a h e at-s h o c k tr e at m e nt b y pl a ci n g it at 4 2 o C f or 4 5 s e c a n d 

i m m e di at el y i n c u b at e d o n i c e f or 2 mi n a n d t h e n, f oll o w e d by 1 h o ur of gr o wt h i n L B at 3 7 ° C wit h 2 2 5 

r p m s h a ki n g. T h e mi xt ur e c e ntrif u g e d a n d t h e p ell et pl at e d o n L B a g ar pl at es c o nt ai ni n g c ar b e ni cilli n 

P h as e 1 St e p  T e m p er at ur e Ti m e  

1 D e n at ur e 9 5 0 C 3 mi n 

2 D e n at ur e 9 5 0 C 3 0 s 

3 A n n e al 8 0 0 C 4 5 s 

4 El o n g at e  7 2 0 C 6 0 s 

R e p e at st e ps 2 – 4 ( 1 0 – 1 5 ti m es) 

5 D e n at ur e 9 5 0 C 3 0 s 

6 A n n e al 7 2 0 C 4 5 s 

7 El o n g at e  7 2 0 C 6 0 s 

R e p e at st e ps 5 – 7 ( 2 0 – 2 5 ti m es) 

8 El o n g at e 7 2 0 C 5 mi n 

9 H alt r e a cti o n 4 0 C 1 5 mi n 

1 0 H ol d 2 3 0 C (r o o m t e m p er at ur e)  U ntil r e m o v e d fr o m m a c hi n e 
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( 5 0 μ g/ ml), a n d gr o w n o v er ni g ht at 3 7 o C. T h e f oll o wi n g d a y a si n gl e c ol o n y w as s el e ct e d a n d gr o w n 

o v er ni g ht at 3 7 o C i n 5 ml L B m e di u m c o nt ai ni n g 5 0 μ g/ ml c ar b e ni cilli n. A pl as mi d mi ni pr e p kit 4 9  w as 

us e d t o p urif y t h e r e c o m bi n a nt pl as mi ds fr o m t h e o v er ni g ht c ult ur e ess e nti all y as d es cri b e d b y t h e 

m a n uf a ct ur er. 

T h e pr es e n c e of t h e D N A i ns erts w as c o nfir m e d b y P C R usi n g 5'- T A A T A C G A C T C A C T A T A G G G - 3' 

a n d 5'- G A G C G G A T A A C A A T T T C A C A C A G G- 3' LI C s e q u e n ci n g pri m ers, as t h e f or w ar d a n d r e v ers e 

P C R pri m ers r es p e cti v el y w hi c h will a d d 2 0 0 b p t o t h e si z e of t h e a m plifi e d fr a g m e nts. M or e o v er, t h e 

n u cl e oti d e s e q u e n c es of t h e i ns ert s w er e c o nfir m e d b y D N A s e q u e n ci n g of t h e pl as mi ds usi n g t h e s a m e 

pri m ers as m e nti o n e d a b o v e. 

2. 5   P r ot ei n e x p r essi o n 

T h e e x pr essi o n h ost w as t h e E.  c oli B L 2 1( D E 3) str ai n5 0 . T his str ai n p oss ess es t h e λ D E 3 l ys o g e n, w hi c h 

e x pr ess es  T 7  R N A  p ol y m er as e  u n d er  t h e  c o ntr ol  of  t h e  l a c U V 5  pr o m ot er.  T h e  pl as mi d  c o nstr u cts 

h ar b o uri n g g e n es pr e di ct e d t o e n c o d e m u c o n ol a ct o n e is o m er as e, β- k et o a di p at e e n ol l a ct o n e h y dr ol as e, β-

c ar b o x y m u c o n at e c y cl as e a n d β- c ar b o x y m u c o n at e h y dr ol as e ( pl as mi ds ar e d esi g n at e d 1 0 5 0 7- p L A T E 1 1, 

0 4 7 8 8- p L A T E 1 1, 0 2 5 8 6- p L A T E 1 1 a n d 0 1 4 0 9- p L A T E 1 1, r es p e cti v el y, w h er e t h e n u m b er i n di c at es t h e 

n u m b ers i n t h e N R R L 3 g e n e i d e ntifi er) w er e tr a nsf or m e d i nt o t his str ai n as d es cri b e d i n s e cti o n 2. 4 a n d 

pl at e d o n L B a g ar pl at es c o nt ai ni n g 5 0 μ g/ ml c ar b e ni cilli n a n d gr o w n o v er ni g ht at 3 7 o C. T h e f oll o wi n g 

d a y a si n gl e c ol o n y w as s el e ct e d a n d tr a nsf err e d t o 5 0 ml li q ui d L B m e di u m wit h 1 0 0 μ g/ m L a m pi cilli n 

a n d i n c u b at e d o v er ni g ht at 3 7 ° C b y s h a ki n g at 2 2 5 r p m. T h e o pti c al d e nsit y w as m o nit or e d at 6 0 0 n m 

u ntil  it  r e a c h e d  0. 5- 1. 0.  Is o pr o p yl- 1-t hi o- β- D- g al a ct o p yr a n osi d e  (I P T G)  w as  a d d e d  t o  a  fi n al 

c o n c e ntr ati o n of 1 m M a n d t h e c ells w er e i n c u b at e d wit h s h a ki n g at 1 6 ° C f or 2 4 h o urs.  

T h e c ells w er e h ar v est e d b y c e ntrif u g ati o n at 7 5 0 0 x g at 4 o C f or 2 0 mi n, a n d t h e p ell et w as r es us p e n d e d 

i n  b uff er  ( 2  ml/ g  c ells)  b ef or e  m a ki n g  cr u d e  e xtr a ct.  T h e  1 0 5 0 7- p L A T E 1 1  or  0 4 7 8 8- p L A T E 1 1 

tr a nsf or m a nts w er e r es us p e n d e d usi n g 5 0 m M H E P E S b uff er, p H 7. 5; T h e 2 5 8 6- p L A T E 1 1 c ells w er e 

r es us p e n d e d usi n g 5 0 m M Tris- Cl b uff er, p H 7. 5; a n d 0 1 4 0 9- p L A T E 1 1 c ells w er e r es us p e n d e d usi n g 5 0 

m M H E P E S, p H 8. 6, c o nt ai ni n g D T T 0. 2 m M, a n d 1 0 % gl y c er ol.  
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2. 6   M et h o d es of p u rifi c ati o n of e n z y m es 

2. 6. 1  P r e p a r ati o n of c r u d e e xt r a ct 

Aft er t h e b a ct eri al c ell p ell et w as r e-s us p e n d e d i n 5 0 m M H E P E S b uff er, p H 7. 5, t h e c ell s us p e nsi o n 

w as s o ni c at e d usi n g a Bi o L o gi cs M o d el 3 0 0 V T ultr as o ni c h o m o g e ni z er at 5 0 % f ull p o w er f or 1 0 b ursts 

of 1 0 s e a c h. All pr o c e d ur es w er e c arri e d o ut o n i c e. T his w as f oll o w e d b y c e ntrif u g ati o n at 6 0 0 0 x g f or 

1 h i n or d er t o pr e p ar e t h e c ell- fr e e e xtr a ct. T h e s u p er n at a nt ( cr u d e e xtr a ct) w as s e p ar at ed fr o m t h e p ell et 

a n d c arri e d o n t o t h e n e xt st e p. 

I n c as e of β- c ar b o x y m u c o n at e c y cl as e , 5 0 m M Tris- Cl p H 7. 5 us e d as t h e b uff er ( as us e d pr e vi o usl y b y R. 

T h at c h er) a n d f or t h e β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e , 5 0 m M H E P E S p H 8. 6, c o nt ai ni n g 0. 2 m M 

D T T a n d 1 0 % gl y c er ol us e d as t h e b uff er i n all st e ps of t h e  p urifi c ati o ns. 

  

2. 6. 2  D E A E a ni o n e x c h a n g e c h r o m at o g r a p h y 

T h e D E A E c ol u m n ( 2. 6 c m x 2 5 c m) w as e q uili br at e d wit h 1 l of 5 0 m M H E P E S p H 7. 5 a n d cr u d e 

e xtr a ct w as l o a d e d o nt o it. T h e c ol u m n w as w as h e d wit h 0. 7 l of t h e s a m e b uff er. T h e pr ot ei ns w er e 

el ut e d usi n g a 7 0 0 ml N a Cl gr a di e nt ( 0 M – 0. 5 M N a Cl) usi n g a fl o w r at e of 2. 5 ml/ mi n a n d c oll e cti n g 

7 ml fr a cti o ns. S D S- P A G E w as c arri e d o ut t o fi n d t h e fr a cti o ns wit h t h e t ar g et pr ot ei n. E n z y m e a cti vit y 

ass a ys w er e p erf or m e d o n t h es e fr a cti o ns. T h os e wit h hi g h est a c ti vit y w er e p o ol e d t o g et h er.   T h e 

c o m bi n e d fr a cti o ns fr o m t h e D E A E c ol u m n w er e c o n c e ntr at e d b y usi n g a Pi er c e ™ Pr ot ei n C o n c e ntr at or 

P E S, 1 0 K M W C O a n d c e ntrif u gi n g at 4 0 0 0 x g t o a fi n al v ol u m e of 1 0 ml. 

 

2. 6. 3  H y d r o p h o bi c r e a cti o n c h r o m at o g r a p h y 

T h e c o m bi n e d fr a cti o ns fr o m t h e D E A E c ol u m n w er e c o n c e ntr at e d usi n g a Pi er c e ™ Pr ot ei n 

C o n c e ntr at or P E S, 1 0 K M W C O a n d c e ntrif u g ati o n at 4 0 0 0 x g t o a  fi n al v ol u m e of 1 1 ml. A m m o ni u m 

s ulf at e w as a d d e d t o 2 0 % s at ur ati o n. Pr e ci pit at e d pr ot ei ns w er e  r e m o v e d b y c e ntrif u g ati o n at 5 0 0 0 x g 

f or 1 5 mi n. T h e s u p er n at a nt w as l o a d e d o n a p h e n yl-S e p h ar os e c ol u m n ( 1 2 c m x 2 c m) e q uili br at e d 

wit h H E P E S 5 0 m M, gl y c er ol 1 0 %, D T T 0. 2 m M, p H 8. 4, c o nt ai ni n g 2 0 % s at ur at e d a m m o ni u m s ulf at e. 

El uti o n w as d o n e usi n g a li n e ar gr a di e nt ( 7 0 0 ml) fr o m 2 0 % - 0 % s at ur at e d a m m o ni u m s ulf at e i n t h e 

s a m e b uff er a n d a fl o w r at e of 2 ml/ mi n. T o i d e ntif y t h e fr a cti o ns c o nt ai ni n g t h e t ar g et pr ot ei n, S D S-

P A G E w as c arri e d o ut al o n g wit h e n z y m e a cti vit y ass a ys, a n d t h e  fr a cti o ns wit h t ar g et pr ot ei n w er e 

p o ol e d t o g et h er. T his st e p us e d o nl y f or t h e β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e. 
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2. 6. 4  G el filt r ati o n C h r o m at o g r a p h y  

T h e p o ol e d a n d c o n c e ntr at e d fr a cti o ns fr o m t h e D E A E st e p w er e l o a d e d o n t h e S- 3 0 0 g el filtr ati o n 

c hr o m at o gr a p h y c ol u m n ( 5 0 c m x 2 c m) e q uili br at e d wit h 1l of 5 0 m M H E P E S p H 7. 5, c o nt ai ni n g 0. 2 

M N a Cl. T h e s a m e b uff er ( 0. 7 l ) w as us e d t o el ut e t h e e n z y m e usi n g a fl o w r at e of 1 ml/ mi n an d 

c oll e cti n g 5 ml fr a cti o ns. T o i d e ntif y t h e fr a cti o ns c o nt ai ni n g t h e t ar g et pr ot ei n, S D S- P A G E w as c arri e d 

o ut al o n g wit h e n z y m e a cti vit y ass a ys, a n d t h e fr a cti o ns wit h t h e t ar g et pr ot ei n w er e p o ol e d t o g et h er a n d 

c o n c e ntr at e d usi n g a Pi er c e ™ Pr ot ei n C o n c e ntr at or P E S, 1 0 K M W C O  a n d c e ntrif u gi n g at 4 0 0 0 x g.  

T h e p urifi e d pr ot ei n w as st or e d i n ali q u ots at - 8 0 o C u ntil us e. 

I n c as e of β- c ar b o x y m u c o n ol a cto n e h y dr ol as e, t h e p o ol e d a n d c o n c e ntr at e d fr a cti o ns fr o m t h e  p h e n yl-

S e p h ar os e c ol u m n w er e l o a d e d o n t h e S- 3 0 0 g el filtr ati o n c hr o m at o gr a p h y c ol u m n. 

2. 7  Ass a ys f o r e n z y m es i n t h e c at e c h ol b r a n c h of t h e β- k et o a di p at e p at h w a y 

T h e ass a ys f or e n z y m es i n d o w nstr e a m r e a cti o ns of t h e c at e c h ol br a n c h w er e c arri e d o ut at 2 5 ° C usi n g a 

C ar y Bi o 5 0 s p e ctr o p h ot o m et er a n d 5 0 m M H E P E S, p H 7. 5 as t h e ass a y b uff er, i n a t ot al v ol u m e of 1 ml. 

M u c o n ol a ct o n e is o m er as e a cti vit y w as ass a y e d b y t h e dis a p p e ar a n c e of m u c o n ol a ct o n e 2 0 , as m o nit or e d 

at 2 3 0 n m ( ε = 1 4 2 8 M - 1c m - 1), i n t h e pr es e n c e of β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e. As d es cri b e d b y 

L. N. Or nst o n 1 4 , m u c o n ol a ct o n e is o m er as e s hifts t h e e n d o c y cli c d o u bl e b o n d i n cis, cis - m u c o n ol a ct o ne 

(s u bstr at e) a n d pr o d u c es β- k et o a di p at e e n ol-l a ct o n e ( pr o d u ct).  H o w e v er, t h es e c o m p o u n ds a bs or b e q u all y 

at 2 3 0 n m. O n t h e ot h er h a n d, t h e pr o d u ct of β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e, β- k et o a di p at e, d o es 

n ot a bs or b at 2 3 0 n m. T h er ef or e, t h e is o m er as e a cti vit y c a n b e m e as ur e d b y t h e d e cr e as e i n a bs or b a n c e at 

2 3 0  n m  i n  t h e  pr es e n c e  of  β- k et o a di p at e  e n ol-l a ct o n e  h y dr ol as e.  T h es e  ass a ys  w er e  n ot  d o n e  u n d er 

c o n diti o ns t h at all o w e d t h e i n di vi d u al a cti viti es t o b e m e as ur e d s o t h e r es ults f or t h es e e n z y m es ar e o nl y 

q u alit ati v e. 

  

2. 7. 1   P r o d u cti o n of m u c o n ol a ct o n e f r o m cis, cis - m u c o n at e 

M u c o n ol a ct o n e w as pr e p ar e d fr o m cis, cis - m u c o n at e ( ε 2 6 0  = 1 6, 9 0 0 M- 1c m - 1) i n t h e pr es e n c e of p arti all y 

p urifi e d m u c o n at e c y cl ois o m er as e fr o m Ps e u d o m o n as p uti d a str ai n P B 2 7 0 1.  R e a cti o n mi xt ur es ( 1 ml) 

w er e pr e p ar e d i n 5 0 m M H E P E S, p H 7. 5, 2 µ M M n Cl 2  a n d v ari o us a m o u nts of cis, cis - m u c o n at e 

( Si g m a). T h e fi n al c o n c e ntr ati o n of m u c o n ol a ct o n e w as esti m at e d usi n g t h e e xti n cti o n c o effi ci e nt 1 4 2 8 

M - 1c m - 1 at 2 3 0 n m a n d ass u mi n g f ull c o n v ersi o n.   
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2. 8. 1. 1   Ass a y of m u c o n ol a ct o n e is o m e r as e: s a m pl e c al c ul ati o n  

ε  of m u c o n ol a ct o n e 1 4, 2 0 = 1 4 2 8 M - 1c m - 1 at 2 3 0 n m 

R at e of M u c o n ol a ct o n e is o m er as e G el filtr ati o n p o ol  = 0. 2 0 3 7 A U/ mi n  

Ass a y v ol u m e = 1 2 1 3 µl 

Dil uti o n f a ct or = 1 

E n z y m e v ol u m e a d d e d t o t h e ass a y = 3 µl  

M u c o n ol a ct o n e is o m e r as e a cti vit y = Ass a y v ol u m e * R at e/ l * ε  

                                                       = 0. 2 0 3 7/ 1 4 2 8 * 1. 2 1 3 

                                                       = ( 0. 1 7 3 µ m ol/ mi n)  

 

M u c o n ol a ct o n e is o m e r as e p r ot ei n c o nt e nt ( m g) = E n z y m e c o n c e nt r ati o n * v ol u m e us e d i n t h e 

ass a y 

 

St a n d ar d c ur v e e q u ati o n: y = 0. 0 0 9 7 x + 0. 1 2 7 3 

T ot al v ol u m e of B C A ass a y = 2 2 5 µl 

V ol u m e of e n z y m e a d d e d t o B C A ass a y = 2 5 µl 

V ol u m e of e n z y m e a d d e d t o a cti vit y ass a y = 1 0 µl 

     = [( 0. 4 4 6 9 - 0. 1 2 7 3)/ 0. 0 0 9 7) *( 2 2 5/ 2 5)] * 1 0/ 1 0 0 0 

                = 0. 0 0 2 9 6 5 3 6 1 ( m g) 

U n dil ut e d M u c o n ol a ct o n e is o m e r as e s p e cifi c a cti vit y = A cti vit y / p r ot ei n c o nt e nt ( m g) 

       = 0. 1 7 3/ 0. 0 0 2 9 6 5 3 6 1 

                                                                      = 5 8. 3 5 ( u m ol/ mi n/ m g)  
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2. 7. 2   P r o d u cti o n a n d p u rifi c ati o n of m u c o n at e c y cl ois o m e r as e f r o m Ps e u d o m o n as p uti d a st r ai n 

P B 2 7 0 1: 

Att e m pts t o cl o n e a n d e x pr ess t h e g e n e ( c at B ) e n c o di n g m u c o n at e c y cl ois o m er as e fr o m P. p uti d a  w er e 

n ot s u c c essf ul ( d at a n ot s h o w n).  T h er ef or e, a s o ur c e of t h e e n z y m e w as o bt ai n e d b y c ult uri n g P. p uti d a  

P B 2 7 0 1 at 3 0 O C i n b as al s alt m e di u m ( B S M). T his m e di u m w as pr e p ar e d b y diss ol vi n g 2 5. 3 g K 2 H P O 4  

a n d  2 2. 5  g  of  N a H 2 P O 4 ,  i n  1  l  d ei o ni z e d  w at er  a d d e d  t o  a  c o m bi n ati o n  of  5  g  ( N H4 ) S O4   a n d  2  g 

M g S O 4
.( H2 O) 7  diss ol v e d i n 1 l d ei o ni z e d w at er. 

I n d u cti o n of c at a b oli c e n z y m e a cti viti es of P. p uti d a  P B 2 7 0 1 w as p erf or m e d b y gr o wt h f or 2 4 h o urs i n 

t h e  B S M  m e di u m  s u p pl e m e nt e d  wit h  1 0  m M  b e n z oi c  a ci d,  as  Or nst o n  r e p ort e d2 0 .  Aft er  5  h  1 0  ml 

a d diti o n al  b e n z oi c  a ci d  0. 5  M  a d d e d  a n d  gr o wt h  w as  c o nti n u e d  f or  3  h.  C ells  w er e  h ar v est e d  b y 

c e ntrif u g ati o n  at  7 5 0 0  x  g  at  4 o C  f or  2 0  mi n  a n d  t h e  p ell et  w as  r es us p e n d e d  i n  dis o di u m  p ot assi u m 

p h os p h at e b uff er 2 0 m M, p H 6. 8. T h e c ell s us p e nsi o n w as s o ni c at e d a n d c e ntrif u g e d as d es cri b e d a b o v e : 

t h e s u p er n at a nt ( cr u d e e xtr a ct) w as s e p ar at e d fr o m t h e p ell et a n d a m m o ni u m s ulf at e w as a d d e d t o 2 0 % 

s at ur ati o n. Pr e ci pit at e d pr ot ei ns w er e r e m o v e d b y c e ntrif u g ati o n at 6 0 0 0 x g f or 2 0 mi n. T h e s u p er n at a nt 

w as l o a d e d o n a p h e n yl- S e p h ar os e c ol u m n ( 1 2 c m x 2 c m) e q uili br at e d wit h 2 0 m M dis o di u m p ot assi u m 

p h os p h at e b uff er, p H 6. 8, c o nt ai ni n g 2 0 % s at ur at e d a m m o ni u m s ulf at e. El uti o n w as d o n e usi n g a li n e ar 

gr a di e nt ( 7 0 0 ml) fr o m 2 0 % - 0 % s at ur at e d a m m o ni u m s ulf at e i n t h e s a m e b uff er a n d at a fl o w r at e of 2 

ml/ mi n.  T o  i d e ntif y  t h e  fr a cti o ns  c o nt ai ni n g  t h e  t ar g et  pr ot ei n  e n z y m e  a cti vit y  ass a ys  c arri e d  o ut  b y 

m e as uri n g t h e dis a p p e ar a n c e of a bs or b a n c e at 2 6 0 n m of cis, cis - m u c o n at e, a n d t h e fr a cti o ns wit h t ar g et 

pr ot ei n w er e p o ol e d t o g et h er. 

2. 8   Ass a ys f o r e n z y m es i n t h e p r ot o c at e c h u at e b r a n c h of β- k et o a di p at e p at h w a y 

F or ass a ys of β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e/ d e c ar b o x yl as e t h e s u bstr at e β- c ar b o x y m u c o n ol a ct o n e 

w as pr o d u c e d i n sit u usi n g p urifi e d pr ot o c at e c h u at e 3, 4- di o x y g e n as e fr o m A. ni g er  ( gift of P. S e m a n a) 

a n d p arti all y p urifi e d β- c ar b o x y m u c o n at e c y cl as e (s e e s e cti o n 2. 7. 1).  A mi xt ur e of 5 0 m M Tris- Cl b uff er, 

p H  7. 5,  i n cl u di n g  4 0 µ l 0. 0 1  m M  3, 4- di h y dr o x y b e n z oi c  a ci d  a n d  5 µ l 2  m g/ ml  pr ot o c at e c h u at e  3, 4-

di o x y g e n as e i n a t ot al v ol u m e of 1 ml w as pr e p ar e d i n or d er t o pr o d u c e β- c ar b o x y m u c o n ol a ct o n e. T o 

c o nfir m t h e s y nt h esis of t his m et a b olit e t h e d e cr e as e i n a bs or b a n c e of pr ot o c at e c h u at e at 2 9 0 n m w as 

m o nit or e d.  

Aft er c o m pl eti o n of t h e r e a cti o n, 5 µ l of 0. 5 7 m g/ ml of β- c ar b o x y m u c o n at e c y cl as e ( p arti all y p urifi e d) 

w as  a d d e d  t o  t h e  mi xt ur e  a n d  t h e  r e a cti o n  w as  m o nit or e d  b y  t h e  d e cr e as e  i n  a bs or b a n c e  at  2 6 0  n m, 
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f oll o wi n g f or m ati o n of t h e β- c ar b o x y m u c o n ol a ct o n e1 3 . Aft er c o m pl eti o n of t h e r e a cti o n 5 µ l of 8. 3 m g/ ml 

β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e/ d e c ar b o x yl as e w as a d d e d a n d t h e c h a n g es i n a bs or b a n c e m o nit or e d 

at 2 3 0 t o f oll o w c o n v ersi o n of β- c ar b o x y m u c o n ol a ct o n e t o β- k et o a di p at e 1 3 . 

S a m pl e  c al c ul ati o ns  ar e  s h o w n  b el o w.  I n  t his  c al c ul ati o n  t h e  e xti n cti o n  c o effi ci e nt  at  2 3 0  n m  of  β-

c ar b o x y m u c o n ol a ct o n e 1 8, 2 3  u s e d w as 8 5 0 0 M- 1 c m - 1. 

S a m pl e c al c ul ati o n: 

( R at e) d A2 3 0 / mi n = l * ε *( d c/ mi n); w h e r e l = 1 c m 

ε  of β- c ar b o x y m u c o n ol a ct o n e = 8 5 0 0 M - 1c m - 1 

λ m a x = 2 3 0  

R at e of β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e/ d e c ar b o x yl as e g el filtr ati o n p o ol  = 0. 2 8 9  

Ass a y v ol u m e = 1 0 0 5 µl 

E n z y m e v ol u m e a d d e d t o t h e ass a y = 5 µl of 1: 1 0 g el filtr ati o n s a m pl e  

β- c a r b o x y m u c o n ol a ct o n e h y d r ol as e/ d e c a r b o x yl as e  a cti vit y = Ass a y v ol u m e * R at e/ l * ε  

                                                        =  0. 2 8 9 A U/ 8 5 0 0 M- 1c m - 1 mi n - 1= 0. 0 0 0 0 3 4 m ol/l mi n - 1 

 = 0. 0 0 0 0 3 4 m ol/l mi n - 1 * 0. 0 0 1 0 0 5 l = 0. 0 0 0 0 0 0 0 3 4 1 7 m ol mi n- 1 

  = 0. 0 0 0 0 0 0 0 3 4 1 7 m ol mi n- 1 * 1 0 0 5/ 5 ( dil uti o n f a ct or) 

 = 0. 0 0 0 0 0 6 8 6 8 m ol mi n - 1 

                                                       = 6. 8 7 µ m ol/ mi n i n 1: 1 0 e n z y m e s a m pl e e n z y m e s a m pl e  

T h er ef or e, 6 8. 7 µ m ol/ mi n i n u n dil ut e d g el filtr ati o n e n z y m e s a m pl e ( 1 ml) 

T h er ef or e 8 2 4. 4 µ m ol/ mi n t ot al a cti vit y i n 1 2 ml.  

β- c a r b o x y m u c o n ol a ct o n e h y d r ol as e/ d e c a r b o x yl as e  p r ot ei n c o nt e nt ( m g) = E n z y m e c o n c e nt r ati o n * 

v ol u m e us e d i n t h e ass a y 

 

St a n d ar d c ur v e e q u ati o n: y = 0. 0 0 9 2 x + 0. 2 1 0 9 

T ot al v ol u m e of B C A ass a y = 2 2 5 µl 

V ol u m e of e n z y m e a d d e d t o B C A ass a y = 2 5 µl of a 1: 1 0 dil uti o n 



 
 

1 9  
 

Dil uti o n f a ct or = 1 0 

β- c a r b o x y m u c o n ol a ct o n e h y d r ol as e/ d e c a r b o x yl as e  p r ot ei n c o n c e nt r ati o n    = [(( 1. 0 6 4 -

0. 2 1 0 9)/ 0. 0 0 9 2)) *( 2 2 5/ 2 5)] * 1 0 

                         = 8 3 4 5 µg/ ml u n dil ut e d g el filtr ati o n s a m pl e  

 

I n t ot al, t h er e is 8 3 4 5 µ g/ ml * 1 2 ml = 1 0 0. 1 4 m g 

U n dil ut e d s p e cifi c a cti vit y = A cti vit y / p r ot ei n c o nt e nt 

       = 8 2 4. 4 µ m ol/ mi n / 1 0 0. 1 4 m g 

                                                                      = 8. 2 3 µ m ol/ mi n/ m g 

2. 8. 1  D et e r mi n ati o n of β- c a r b o x y m u c o n at e c y cl as e  p r ofil e: 
 

T h e p H- a cti vit y o pti m u m w as d et er mi n e d b y c arr yi n g o ut ass a ys i n M O P S , M E S, Tris- H Cl, H E P E S, 

a n d s o di u m a c et at e b uff ers wit hi n t h e p H r a n g e of 4- 9 a n d c o n c e ntr ati o ns of 5 0 m M. 

 

2. 8. 2   M o nit o ri n g s p e ct r al c h a n g es f o r r e a cti o ns of t h e p r ot o c at e c h u at e b r a n c h of t h e β-
k et o a di p at e p at h w a y 

 

As d es cri b e d b y C ai n et al.  c h ar a ct eristi c s p e ctr al c h a n g es ar e o bs er v e d f or t h e c o n v ersio n of 

pr ot o c at e c h u at e  t o β- k et o a di p at e1 8 .  A bri ef d es cri pti o n of t h e pr o c e d ur e is as f oll o ws. 

First, t h e U V s p e ctr u m of 5 0 m M Tris- H Cl b uff er p H 7. 5 w as r e c or d e d as a b as eli n e i n a 1 0 m m q u art z 

c u v ett e. T h e s p e ctr u m of 5 0 m M Tris- H Cl b uff er p H 7. 5 ( 1 ml) pl us 4 0 µ l of pr ot o c at e c h u at e 0. 0 1 M 

w as r e c or d e d o v er t h e r a n g e of 2 0 0 t o 3 5 0 n m. P urifi e d pr ot o c at e c h u at e 3, 4- di o x y g e n as e ( 0. 0 1 m g) w as 

a d d e d t o t h e ass a y s ol uti o n a n d t h e s p e ctr al c h a n g es w er e r e c or d e d. E v er y 5 mi n pr ot o c at e c h u at e 3, 4-

di o x y g e n as e w as a d d e d t o t h e r e a cti o n mi xt ur e i n t h e c u v ett e. A ft er s p e ctr al c h a n g es c e as e d, 0. 2 8 m g β-

c ar b o x y m u c o n at e c y cl as e w as a d d e d t o t h e ass a y s ol uti o n a n d t h e r es ulti n g s p e ctr al c h a n g es w er e 

r e c or d e d. T h e e n z y m e w as a d d e d t o t h e s ol uti o n e v er y 5 mi n u ntil n o a d diti o n al c h a n g es w er e o bs er v e d 

i n t h e s p e ctr u m. At t his p oi nt, 0. 0 4 1 m g β-c ar b o x y m u c o n ol a ct o n e h y dr ol as e a d d e d t o t h e c u v ett e a n d 
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s p e ctr al c h a n g es w er e r e c or d e d.  E n z y m e w as a d d e d u ntil of n o a d diti o n al c h a n g es i n t h e s p e ctr u m w er e 

o bs er v e d. 

2. 9   P r ot ei n a n al ysis b y S D S- P A G E a n d B C A ass a y 

T o esti m at e t h e p urit y of t h e pr ot ei n S D S- P A G E ( 1 2 % a cr yl a mi d e g el) w as us e d 5 1, 5 2 . Pr ot ei n 

c o n c e ntr ati o ns w er e esti m at e d a c c or di n g t o t h e i nstr u cti o ns fr o m t h e m a n uf a ct ur er of t h e Pi er c e B C A 

Pr ot ei n ass a y kit fr o m T h er m o Fis h er S ci e ntifi c usi n g b o vi n e s er u m al b u mi n f or t h e st a n d ar d c ur v e at 3 4  

o C ( Fi g ur e 2. 1). 

 

 

Fi g ur e 2. 1 : B o vi n e s er u m al b u mi n st a n d ar d c ur v e g e n er at e d b as e d o n t h e Pier c e B C A Pr ot ei n ass a y. 

2. 1 0  T e c h ni q u es f o r e x a mi ni n g t h e st r u ct u r al p r o p e rti es of t h e p u rifi e d e n z y m es 

2. 1 0. 1   A n al yti c al ult r a c e nt rif u g ati o n ( A U C) 

All t h e s a m pl es w er e dil ut e d t o a bs or b a n c e v al u es b et w e e n 0. 7 a n d 1. 0 at 2 8 0 n m.  T h e tit a ni u m 

c u v ett es h a d a p at h l e n gt h of 1 2 m m. S e di m e nt ati o n v el o cit y e x p eri m e nts w er e c arri e d o ut o n a 

B e c k m a n O pti m a X L-I ultr a c e ntrif u g e usi n g t h e A n- 6 0 Ti r ot or at 4 ° C. T h e s a m pl es w er e c e ntrif u g e d at 

3 5, 0 0 0 r p m, a n d 2 0 0 r a di al a bs or b a n c e s c a ns of t h e s a m pl e a g ai nst t h e b uff er w er e c oll e ct e d at a 

w a v el e n gt h of 2 8 0 n m. B uff er d e nsit y a n d vis c osit y w er e c al c ul a t e d usi n g S e d nt er p 2. 05 3, 5 4  a c c or di n g t o 

t h e gi v e n c o m p ositi o n: p arti al s p e cifi c v ol u m e of t h e pr ot ei n sa m pl es us e d w as 0. 7 3 c m 3 / g a n d t h e 

b uff er d e nsit y a n d vis c osit y us e d w as 1. 0 0 2 1 g/ c m 3  a n d 1. 0 3 s/ c m2 . S e di m e nt ati o n c o effi ci e nt 

y = 0, 0 0 9 7 x + 0, 1 2 7 3
R² = 0, 9 9 9 8

0

0, 5

1

1, 5

2

2, 5

0 5 0 1 0 0 1 5 0 2 0 0 2 5 0

A
bs

or
ba

nc
e 

at
 
5
6
2 

n
m 

C o n c e ntr ati o n ( μ g/ ml)

St a n d ar d C ur v e
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distri b uti o ns, g(s *), a n d m ol e c ul ar w ei g hts w er e a n al y z e d b y t h e st a n d ar d c(s) m o d el i n 

D C D T 5 5 + v ersi o n 1 4. 4. 

 

2. 1 0. 2   Si z e e x cl usi o n c h r o m at o g r a p h y ( S E C) t o esti m at e m ol e c ul a r w ei g ht 

A S u p er d e x- 7 5 1 0/ 3 0 0 G L ( G E Lif e S ci e n c es) g el filtr ati o n c ol u m n w as us e d t o d et er mi n e t h e 

oli g o m eri c st at e of e a c h p urifi e d pr ot ei n a n d esti m at e t h eir m ol e c ul ar w ei g hts ( M Ws). T h e c ol u m n, 

c o n n e ct e d t o a Bi o R a d D u o Fl o w S yst e m, h a d a fl o w r at e of 0. 5 m L/ mi n aft er 1 ml of pr ot ei n s ol uti o n 

w as i nj e ct e d; a bs or b a n c e at 2 8 0 n m w as c oll e ct e d. T h e r u n ni n g b uff er us e d w as 5 0 m M Tris- H Cl p H 7. 4 

c o nt ai ni n g 1 0 0 m M N a Cl. G el filtr ati o n st a n d ar ds ( Bi o- R a d, c at al o g # 1 5 1 1 9 0 1) w er e us e d t o c ali br at e 

t h e c ol u m n a n d g e n er at e a st a n d ar d c ur v e f or esti m ati n g M Ws: Bl u e D e xtr a n 2 0 0 0 ( A m ers h a m 

Bi os ci e n c es) w as us e d t o esti m at e t h e v oi d v ol u m e of t h e c ol u m n. 
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3  R es ults 

3. 1   G e n es i d e ntifi e d b y q u e r yi n g A. ni g er g e n o m e wit h g e n es f r o m A. ni d ul a ns 

G e n o m e s e q u e n c es of As p er gill us ni g er  ar e a v ail a bl e fr o m t h e J oi nt G e n o m e I nstit ut e. S e q u e n c es of 

p ut ati v e β- k et o a di p at e p at h w a y g e n es i n As p er gill us ni d ul a ns , b as e d o n t h e st u di es b y T. M. M arti ns et 

al. 2 1  ( T a bl e 3. 1) w er e us e d i n B L A S T s e ar c h es a g ai nst t h e As p er gill us ni g er  g e n o m e usi n g t w o 

d at a b as es: 

a. J GI htt p:// g e n o m e.j gi. d o e. g o v/ As p ni 7/ As p ni 7. h o m e. ht ml 

b. N R R L 3 htt ps:// m y c o c os m.j gi. d o e. g o v/ As p ni _ N R R L 3 _ 1/ As p ni _ N R R L 3 _ 1. h o m e . ht ml5 6  

 

G e n e C o d e Pr ot ei n Assi g n e d n a m e P at h w a y 

A N 1 1 5 1 c ar b o x y- cis, cis- m u c o n at e 

c y cl as e 

 

B e n z o at e d e gr a d ati o n a n d 

pr ot o c at e c h u at e br a n c h of t h e 

3- k et o a di p at e p at h w a y 

  

A N 5 2 3 2 3- c ar b o x y m u c o n ol a ct o n e 

h y dr ol as e ( d e c ar b o x yl ati n g) 

A N 3 8 9 5 m u c o n at e is o m er as e ( C o A 

tr a nsf er as e f a mil y III) 

 

S ali c yl at e d e gr a d ati o n a n d 

c at e c h ol br a n c h of t h e 3-

k et o a di p at e p at h w a y 

 

A N 4 0 6 1 m u c o n ol a ct o n e is o m er as e 

A N 4 5 3 1 3- k et o a di p at e e n ol-l a ct o n e 

h y dr ol as e  
T a bl e 3. 1: Assi g n e d g e n es i n t h e 3- k et o a di p at e p at h w a y i n As p er gill us ni d ul a ns ; a d a pt e d fr o m: T. M. 

M arti ns et al 2 1 . 

B as e d o n t h es e Bl ast c o m p aris o ns, fi v e c orr es p o n di n g s e q u e n c es  i n t h e A. ni g er  g e n o m e w er e i d e ntifi e d.  

T a bl e 3. 2 s u m m ari z es t h e b est hits fr o m t h e A. ni g er  N R R L 3 d at a b as e f or e a c h of t h e pr e di ct e d A. 

ni d ul a ns  s e q u e n c es.  

3. 2   G e n es i d e ntifi e d b y q u e r yi n g A. ni g er  g e n o m e wit h g e n es f r o m P. p uti d a  

T h e g e n e, c at B , fr o m Ps e u d o m o n as p uti d a  w as pr e vi o usl y s e q u e n c e d a n d i d e ntifi e d as e n c o di n g 

m u c o n at e c y cl ois o m er as e 1 ( M L EI) b y T eri. et al 5 7 . B y usi n g t his s e q u e n c e as a q u er y s e q u e n c e i n a 

B L A S T s e ar c h a g ai nst t h e A. ni g er  g e n o m e, N R R L 3 _ 1 1 1 2 0 w as i d e ntifi e d as a g e n e p ossi bl y e n c o di n g 
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M L EI a cti vit y ( T a bl e 3. 2). T h e B L A S T c o m p aris o n i n di c at e d s e q u e n c e m otifs f or e n ol as e-li k e, N-

t er mi n al (I P R 0 2 9 0 1 7), N-t er mi n al d o m ai n (I P R 0 1 3 3 4 1), e n ol as e C-t er mi n al d o m ai n-li k e (I P R 0 2 9 0 6 5) 

a n d m a n d el at e r a c e m as e/ m u c o n at e l a ct o ni zi n g e n z y m e, C-t er mi n al (I P R 0 1 3 3 4 2).  H o w e v er, t h e l o w e-

v al u e of 9 e- 2 2 a n d t h e s e q u e n c e i d e ntit y of o nl y 2 9. 3 8 % ar e w e a k i n di c at ors  t h at t his pr ot ei n h as 

c y cl ois o m er as e a cti vit y.   

3. 3   G e n es i d e ntifi e d b y q u e r yi n g A. ni g er  g e n o m e wit h g e n es f r o m A ci n et o b a ct er c al c o a c eti c us  

 T w o is o z y m es of β- k et o a di p at e e n ol-h y dr ol as e ar e el a b or at e d b y A ci n et o b a ct er c al c o a c eti c us  i n 

r es p o ns e t o eit h er pr ot o c at e c h u at e ( e n ol-l a ct o n e h y dr ol as e I) or cis, cis - m u c o n at e ( e n ol-l a ct o n e h y dr ol as e 

II)5 8 .  A si n gl e e n ol-l a ct o n e h y dr ol as e is i n d u c e d b y β-k et o a di p at e i n Ps e u d o m o n as p uti d a 5 9    .  T h e 

s e q u e n c e of t h e g e n e c o di n g f or β- k et o a di p at e e n ol- l a ct o n e h y dr ol as e II fr o m A ci n et o b a ct er 

c al c o a c eti c us , w as us e d t o B L A S T a g ai nst t h e A.  ni g er g e n o m e, a n d N R R L 3 _ 0 1 4 0 9 w as i d e ntifi e d as a 

g e n e p ossi bl y e n c o di n g β- k et o a di p at e e n ol- l a ct o n e h y dr ol as e a cti vit y ( T a bl e 3. 2).  

3. 4   P C R a m plifi c ati o n a n d pl as mi d c o nst r u cti o n 

T h e t ar g et e d A. ni g er  g e n es wit h t h e pr e di ct e d e n z y m e a cti viti es as w ell as t h e e x p e c t e d l e n gt hs i n b as e 

p airs ar e s h o w n i n T a bl e 3. 2. 

G e n e 
P ossi bl e a cti viti es i n β-

k et o a di p at e p at h w a y 

Q u er y 

S e q u e n c e 
E v al u e 

I d e ntit y 

% 

C o v er a g e 

% 

B as e 

p air 

N R R L 3 _ 0 2 5 8 6 β- c ar b o x y m u c o n at e c y cl as e A ni d ul a ns  

A N 1 1 5 1 

0. 0 0 E + 0

0 

 9 1. 3 9 1 0 0 1 0 8 3 

N R R L 3 _ 0 0 8 3 7 β- c ar b o x y m u c o n ol a ct o n e 

h y dr ol as e 

A ni d ul a ns  

A N 5 2 3 2 

1. 0 0 E-

1 1 5 
7 2. 3 2 9 5 6 9 9 

N R R L 3 _ 0 8 3 4 0 β- c ar b o x y m u c o n ol a ct o n e 

h y dr ol as e  

 

A ni d ul a ns  

A N 5 2 3 2  

8. 0 0 E-

1 0 0  

3 3. 6 1 8 5. 9 2 4 2 9 

N R R L 3 _ 1 0 5 0 7 m u c o n ol a ct o n e is o m er as e A ni d ul a ns  

A N 4 0 6 1 
2. 0 0 E- 6 1 6 8. 8 3 7 7 4 4 7 

N R R L 3 _ 0 7 5 6 9 m u c o n ol a ct o n e is o m er as e 
A ni d ul a ns  

A N 4 0 6 1 
6. 0 0 E- 1 8 3 2. 7 6 6 5 9 2 1 
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G e n e 
P ossi bl e a cti viti es i n β-

k et o a di p at e p at h w a y 

Q u er y 

S e q u e n c e 
E v al u e 

I d e ntit y 

% 

C o v er a g e 

% 

B as e 

p air 

N R R L 3 _ 0 1 8 8 6 β- k et o a di p at e s u c ci n yl C o A 

tr a nsf er as e 

A ni d ul a ns 

A N 3 8 9 5 

0. 0 0 E- 0 0 5 6. 2 4 9 6. 4 3 1 5 1 5 

N R R L 3 _ 0 1 5 9 3 β- k et o a di p at e s u c ci n yl C o A 

tr a nsf er as e 

A ni d ul a ns  

A N 3 8 9 5 

1 E- 1 5 5 4 9. 7 1 9 2 1 6 4 4 

N R R L 3 _ 1 1 6 4 0 β- k et o a di p at e s u c ci n yl C o A 

tr a nsf er as e 

A ni d ul a ns  

A N 3 8 9 5 

7. 0 0 E-

1 8 0 

5 8. 6 6 9 4 1 5 5 7 

N R R L 3 _ 0 1 4 0 9 
β- k et o a di p at e e n ol-

l a ct o n as e 2 

A b a ylii  3-

o x o a di p at e 

e n ol-

l a ct o n as e II  

3. 9 1 E-

0 1 9 
3 4. 7 2 6. 9 1 6 4 1 

N R R L 3 _ 0 4 7 8 8 
β- k et o a di p at e e n ol l a ct o n e 

h y dr ol as e 

A ni d ul a ns  

A N 4 5 3 1 

1. 0 0 E-

1 2 3 
6 3. 1 2 4 8 7 9 2 

N R R L 3 _ 1 1 1 2 0 m u c o n at e c y cl as e 
P p uti d a  

P 0 8 3 1 0 c at B   

2. 5 0 E-

0 1 3 
3 8. 1 3 6. 1 1 1 1 3 

T a bl e 3. 2: P ut ati v e A. ni g er  g e n es c o m p aris o ns t o g e n es fr o m A. ni d ul a n s, A ci n et o b a ct er c al c o a c eti c us  

a n d P. p uti d a  

P C R a m plifi c ati o n w as c arri e d o ut as d es cri b e d i n M at eri als a n d M et h o ds , a n d P C R pr o d u cts w er e 

p urifi e d a n d i ns ert e d i nt o t h e p L A T E- 1 1 v e ct or usi n g t h e li g ati o n i n d e p e n d e nt a LI C at or LI C Cl o ni n g 

kit:  r e c o m bi n a nt fr a g m e nts ( a m plifi e d i ns erts usi n g pl as mi d pri m ers) w er e d et e ct e d wit h t h e e x p e ct e d 

si z e ( Fi g ur e 3. 1). 
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Fi g ur e 3. 1 : G e n es of i nt er est a m plifi e d wit h pl as mi d pri m ers a n d s e p ar at e d b y a g ar os e g el as d es cri b e d 

i n M at eri als a n d M et h o ds  
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3. 5   D N A s e q u e n ci n g 

All t h e r e c o m bi n a nt pl as mi ds w er e s e q u e n c e d usi n g pri m ers d esi g n e d b as e d o n p L A T E- 1 1 v e ct or 

s e q u e n c e fr o m t h e a LI C at or LI C cl o ni n g kit, ess e nti all y as d es cri b ed b y t h e m a n uf a ct ur er 4 4 . T h e 

s e q u e n c es of t h e pl as mi d i ns erts a gr e e d wit h t h e s e q u e n c e fr o m  t h e N R R L 3 d at a b as e ( d at a n ot s h o w n).  

3. 6   E x p r essi o n of p r ot ei n f r o m r e c o m bi n a nt pl as mi ds 

R e c o m bi n a nt pl as mi ds w er e tr a nsf or m e d i nt o E. c oli  B L 2 1 ( D E 3), gr o w n i n li q ui d m e di u m a n d 

e x pr essi o n w as i n d u c e d as d es cri b e d i n M at eri als a n d M et h o ds . A n o n-i n d u c e d c ult ur e w as i n cl u d e d as 

a c o ntr ol. S D S- P A G E g els s h o w t h e e x pr essi o n l e v els of pr ot ei ns i n t h e p ell et  a n d s u p er n at a nt fr a cti o ns 

( Fi g ur e 3. 2).  T h e arr o ws p oi nt t o pr ot ei ns e x pr ess e d i n i n d u c e d vs u ni n d u ce d c ells cl os e t o t h e pr e di ct e d 

m ol e c ul ar w ei g hts of t h e pr ot ei ns fr o m t h e g e n es of i nt er est. T h e arr o ws ar e l a b ell e d wit h t h e pr e di ct e d 

m ol e c ul ar w ei g hts. 
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Fi g ur e 3. 2: S D S- p ol y a cr yl a mi d e g el ( 1 2 %) el e ctr o p h or esis of g e n e e x pr essi o n t es ts ( a) N R R L 3 _ 0 2 5 8 6, 

N R R L 3 _ 1 0 5 0 7; ( b) N R R L 3 _ 0 8 3 4 0, N R R L 3 _ 0 4 7 8 8, N R R L 3 _ 0 1 4 0 9; ( c) N R R L 3 _ 0 1 8 8 6, 

N R R L 3 _ 0 0 8 3 7; ( d) N R R L 3 _ 0 7 5 6 9; ( e) N R R L 3 _ 0 2 6 2 6, N R R L 3 _ 0 1 8 8 3, N R R L 3 _ 0 1 5 9 3; (f) 

N R R L 3 _ 1 1 6 4 0, N R R L 3 _ 1 1 1 2 0. 

 

T h e r es ults of t h es e e x pr essi o n t ests ar e s u m m ari z e d i n T a bl e 3. 3.  If a pr ot ei n n e ar t h e pr e di ct e d m ol e c ul ar 

w ei g ht w as d et e ct e d i n t h e i n d u c e d v. u ni n d u c e d s a m pl e s u p er n at a nt, it w as s c or e d as “s ol u bl e ”; if it w as 

i n  t h e  i n d u c e d  vs  u ni n d u c e d  p ell et  it  w as  s c or e d  as  “i ns ol u bl e ”;  a n d  if  n o  o b vi o us  i n d u c e d  b a n d  w as 

d et e ct e d, it w as s c or e d as “ u ns u c c essf ul ”.  B y t h es e crit eri a, fi v e of t h e t ar g et e d g e n es w er e s u c c essf ull y 

e x pr ess e d as s ol u bl e pr ot ei ns.  
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G e n e 
P ossi bl e e n z y m e a cti viti es i n β- k et o a di p at e 

p at h w a y 

Pr e di ct e d 

m ol e c ul ar 

w ei g hts ( k D a) 

E x pr ess e d i n E. c oli 

B L 2 1( D E 3) 

N R R L 3 _ 0 2 5 8 6  β- c ar b o x y m u c o n at e c y cl as e 4 0. 5 s ol u bl e 

N R R L 3 _ 0 0 8 3 7  β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e 2 5. 5 u ns u c c essf ul 

N R R L 3 _ 0 8 3 4 0  β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e 1 5. 8 9 s ol u bl e 

N R R L 3 _ 1 0 5 0 7  m u c o n ol a ct o n e is o m er as e 1 7 s ol u bl e 

N R R L 3 _ 0 7 5 6 9  m u c o n ol a ct o n e is o m er as e 3 5. 2 3 i ns ol u bl e 

N R R L 3 _ 0 1 8 8 6   β- k et o a di p at e s u c ci n yl C o A tr a nsf er as e 5 4. 4 7 u ns u c c essf ul 

N R R L 3 _ 0 1 5 9 3  β- k et o a di p at e s u c ci n yl C o A tr a nsf er as e 5 8. 2 9 u ns u c c essf ul 

N R R L 3 _ 1 1 6 4 0  β- k et o a di p at e s u c ci n yl C o A tr a nsf er as e 5 5. 5 1 u ns u c c essf ul 

N R R L 3 _ 0 1 4 0 9  β- k et o a di p at e e n ol l a ct o n e h y dr ol as e 6 0. 9 4 s ol u bl e 

N R R L 3 _ 0 4 7 8 8  β- k et o a di p at e e n ol l a ct o n e h y dr ol as e 2 7. 6 2 s ol u bl e 

N R R L 3 _ 1 1 1 2 0  m u c o n at e c y cl as e 3 9. 6 9 s ol u bl e 

N R R L 3 _ 0 1 8 8 3  β- c ar b o x y m u c o n at e c y cl as e 5 2. 3 u ns u c c essf ul 

T a bl e 3. 3: R es ults of r e c o m bi n a nt e x pr essi o n i n E. c oli  of e n z y m es e n c o d e d b y t h e i n di c at e d g e n es 
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3. 7  E n z y m ati c ass a ys:  

3. 7. 1  Ass a y of e x p r ess e d p r ot ei ns f o r e n z y m e a cti viti es of t h e c at e c h ol b r a n c h of t h e β-

k et o a di p at e p at h w a y 

 

 

 

 

 

 

 

Fi g ur e 3. 3: I nt er m e di at es i n t h e c at e c h ol br a n c h of t h e β- k et o a di p at e p at h w a y t o g et h er wit h e n z y m e 

n a m es 

T h e b est c a n di d at e i n t h e A. ni g er  g e n o m e, i d e ntifi e d b y si mil arit y wit h t h e k n o w n b a ct eri al e n z y m e 

s e q u e n c e f or m u c o n at e c y cl as e is N R R L 3 _ 1 1 1 2 0 ( T a bl e 3. 2).  A n e xtr a ct of E. c oli e x pr essi n g t h e 

c orr es p o n di n g pr ot ei n w as n ot a cti v e i n ass a ys f or t his a cti vit y ( d at a n ot s h o w n).  O n t h e ot h er h a n d, a 

p arti all y p urifi e d pr e p ar ati o n of m u c o n at e c y cl as e fr o m Ps e u d o m o n as  (s e e M at eri als a n d M et h o ds ) w as 

a cti v e, g e n er ati n g a pr o d u ct fr o m cis, cis - m u c o n at e wit h a bs or b a n c e at 2 6 0 n m ( Fi g. 3. 4 A). 

O n t h e b asis of s e q u e n c e c o m p aris o ns wit h A.  ni d ul a ns  pr ot ei ns i m pli c at e d i n t h e c at e c h ol br a n c h of t h e 

β- k et o a di p at e p at h w a y 2 1  ( Ta bl e 3. 2), t h e m ost li k el y c a n di d at es t o h a v e m u c o n ol a ct o n e is o m er as e a n d β-

k et o a di p at e e n ol l a ct o n e h y dr ol as e a cti viti es ar e N R R L 3 _ 1 0 5 0 7 a n d N R R L 3 _ 0 4 7 8 8, r es p e cti v el y.  As 

s u m m ari z e d i n M at eri als a n d M et h o ds , m u c o n ol a ct o n e a n d β- k et o a di p at e e n ol l a ct o n e a bs or b at 2 3 0 n m 

w h er e as β- k et o a di p at e d o es n ot a bs or b at t his w a v el e n gt h. T h er ef or e, a n y c h a n g es i n a bs or b a n c e of a 

s ol uti o n of m u c o n ol a ct o n e s h o ul d c orr es p o n d t o t h e c o m bi n e d a ct i vit y of t h es e t w o e n z y m es. C o nsist e nt 

wit h t his, t h e a bs or b a n c e at 2 3 0 n m o f a n ass a y mi xt ur e c o nt ai ni n g m u c o n ol a ct o n e ( Fi g. 3. 4 A) di d n ot 

c h a n g e u p o n t h e a d diti o n of N R R L 3 _ 1 0 5 0 7 ( Fi g. 3. 4 B) a n d t h e n d e cr e as e d u p o n t h e a d diti o n of cr u d e 

e xtr a ct of N R R L 3 _ 0 4 7 8 8 ( Fi g ur e 3. 4 C). T his r es ult is q u alit ati v el y si mil ar t o t h os e ori gi n all y r e p ort e d 

f or t h e a cti vit y ass a ys of t h e c orr es p o n di n g e n z y m es fr o m Ps e u d o m o n as p uti d a 1 4 , a n d is c o nsist e nt wit h 

m u c o n ol a ct o n e is o m er as e a cti vit y a n d β- k et o a di p at e e n ol l a ct o n e h y dr ol as e a cti vit y f or N R R L 3 _ 1 0 5 0 7 

β- k et o a di p at e e n ol l a ct o n e 
h y dr ol as e   

m u c o n ol a ct o n e 
is o m er as e 

β- k et o a di p at e e n ol 
l a ct o n e 

 
 l

m a x
 = 2 3 0 n m  

β- k et o a di p at e  m u c o n ol a ct o n e 
cis, cis-

m u c o n at e 
c at e c h ol 

l
m a x

 = 2 6 0 n m  l
m a x

 = 2 3 0 n m  l
m a x

 = 2 3 0 n m  D o es n ot a bs or b at 2 3 0 n m  

m u c o n at e 

c y cl as e  
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a n d N R R L 3 _ 0 4 7 8 8 pr ot ei ns r es p e cti v el y. H o w e v er, t h er e w er e n o c h a n g es i n a bs or b a n c e at 2 3 0 n m 

wit h t h e a d diti o n of cr u d e e xtr a ct of N R R L 3 _ 0 1 4 0 9 i nst e a d of N R R L 3 _ 0 4 7 8 8, a n ot h er c a n di d at e f or β-

k et o a di p at e e n ol l a ct o n e h y dr ol as e a cti vit y ( d at a n ot s h o w n).   

 

 

 

Fi g ur e 3. 4: Ass a ys of e n z y m es of t h e c at e c h ol br a n c h of t h e β- k et o a di p at e p at h w a y.   

A . C h a n g e i n a bs or b a n c e at 2 6 0 n m of a cis, cis - m u c o n at e- c o nt ai ni n g ass a y mi xt ur e u p o n t h e a d diti o n of 

p arti all y- p urifi e d m u c o n at e c y cl ois o m er as e fr o m Ps e u d o m o n as .  T h e ass a y ( 1 ml) c o nt ai n e d 5 0 m M 

H E P E S, p H 7. 5, 5 3 µ M cis, cis - m u c o n at e, 2 µ M M n Cl2   a n d 0. 5 7 m g/ ml p arti all y p urifi e d m u c o n at e 

c y cl ois o m er as e; B . C h a n g e i n a bs or b a n c e at 2 3 0 n m u p o n a d diti o n of a n E. c oli  e xtr a ct e x pr essi n g 

N R R L 3 _ 1 0 5 0 7 t o a n ass a y mi xt ur e c o nt ai ni n g m u c o n ol a ct o n e ( a p pr o x. 0. 5 7 m M);  C . C h a n g e i n 

a bs or b a n c e at 2 3 0 n m u p o n a d diti o n of a n E. c oli  e xtr a ct e x pr essi n g N R R L 3 _ 0 4 7 8 8 t o t h e ass a y mi xt ur e 

s h o w n i n B .  Ass a y pr o c e d ur es w er e as d es cri b e d i n M at eri als a n d M et h o ds .  T h e a bs or b a n c e dr o ps i n 
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e a c h c o nti n u o us tr a c e ar e d u e t o r e m o v al a n d r ei ns erti o n of t h e ass a y c u v ett e f or t h e a d diti o ns of 

e n z y m e a n d mi xi n g. 

3. 7. 2  Ass a y of e x p r ess e d p r ot ei ns f o r e n z y m e a cti viti es of t h e p r ot o c at e c h u at e b r a n c h of t h e β-

k et o a di p at e p at h w a y 

 

 

 

 

 

 

              λ
m a x

 = 2 9 0 n m              λ
m a x

 = 2 6 0 n m             λ
m a x

 = 2 3 0 n m      D o es n ot a bs or b at 2 3 0 n m 

 

Fi g ur e 3. 5 : I nt er m e di at es i n t h e pr ot o c at e c h u at e br a n c h of t h e β- k et o a di p at e p at h w a y 

T h e first e n z y m e i n t h e p at h w a y i n A. ni g er  w as i d e ntifi e d a n d e x pr ess e d b y P atri c k S e m a n a i n o ur 

l a b or at or y6 0 . A d diti o n of t h e p urifi e d di o x y g e n as e t o a s ol uti o n of pr ot o c at e c h u at e r es ult e d, as e x p e ct e d, 

i n a d e cr e as e i n a bs or b a n c e at 2 9 0 n m ( Fi g 3. 6 A).  

N R R L 3 _ 0 2 5 8 6 is pr o p os e d t o e n c o d e β- c ar b o x y m u c o n at e c y cl as e a cti vit y o n t h e b asis of si mil arit y wit h 

t h e A. ni d ul a ns  ort h ol o g u e, as w ell as wit h a c h ar a ct eri z e d β- c ar b o x y m u c o n at e c y cl as e fr o m t h e f u n g us, 

N e ur os p or a cr ass a  ( Ta bl e 3. 2).  Si n c e t h e s u bstr at e, β- c ar b o x y-cis, cis - m u c o n at e, h as a str o n g a bs or pti o n 

p e a k at 2 6 0 n m, a d diti o n of a cr u d e e xtr a ct of E. c oli e x pr essi n g N R R L 3 _ 0 2 5 8 6 t o t h e ass a y s ol uti o n 

s h o ul d r es ult i n a d e cr e as e i n a bs or b a n c e at 2 6 0 n m r el at e d t o t h e c o ns u m pti o n of β- c ar b o x y- cis, cis -

m u c o n at e T his w as o bs er v e d ( Fi g ur e 3. 6 B), i n di c ati n g β- c ar b o x y m u c o n at e c y cl as e a cti vit y of t h e 

N R R L 3 _ 0 2 5 8 6- e n c o d e d pr ot ei n. T h es e r es ults ar e c o nsist e nt wit h t h e st u d y t h at h as b e e n r e p ort e d b y 

R. T h at c h er et al 2 3 .  

β- c ar b o x y m u c o n ol a ct o n e, t h e pr o d u ct of t h e pr e vi o us r e a cti o n, a bs or bs at 2 3 0 n m a n d its e n z y m ati c 

c o n v ersi o n pr o d u ct, β- k et o a di p at e, d o es n ot, as r e p ort e d b y C ai n et al. 1 8 . W e t h us e x p e ct e d t o s e e a 

d e cr e as e i n a bs or b a n c e of a s ol uti o n of β- c ar b o x y m u c o n ol a ct o n e b y a d di n g cr u d e e xtr a ct of E. c oli  

e x pr essi n g N R R L 3 _ 0 8 3 4 0, i niti all y assi g n e d as β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e o n t h e b asis of 

pr ot o c at e c h ui c a ci d 
 

β- c ar b o x y-
cis, cis- m u c o n at e 

 
 

β- c ar b o x y m u c o n o-
l a ct o n e 
 

 

β- k et o a di p at e 
 
 

β- c ar b o x y m u c o n at e 
c y cl as e  

β- c ar b o x y m u c o n ol a ct o n e 
h y dr ol as e  

pr ot o c at e c h u at e 
3, 4 -di o x y g e n as e  
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q u er yi n g t h e A. ni g er  N R R L 3 g e n o m e wit h A N 5 2 3 2 fr o m A. ni d ul a ns. H o w e v er, t h er e w as n o c h a n g e i n 

a bs or b a n c e o bs er v e d ( d at a n ot s h o w n).  

R. T h at c h er et al. 2 4   p urifi e d β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e fr o m As p er gill us ni g er  a n d r e p ort e d 

t h at t h e e n z y m e p urifi e d as a si n gl e p ol y p e pti d e t h at h as b oth d e c ar b o x yl ati o n a n d h y dr ol ysis a cti vit y 

a n d a m ol e c ul ar w ei g ht of 5 4 k D a. I n c o ntr ast, t h e pr ot ei n e x pr ess e d fr o m N R R L 3 _ 0 8 3 4 0 h as a 

m ol e c ul ar w ei g ht of al m ost 1 6 k D a, w hi c h is o nl y a b o ut a t hi r d of t h e si z e of t h e e n z y m e c h ar a ct eri z e d 

b y T h at c h er et al.  O n t h e ot h er h a n d, N R R L 3 _ 0 1 4 0 9 w hi c h h as s o m e s e q u e n c e si mil arit y t o 3-

o x o a di p at e e n ol-l a ct o n as e II fr o m A ci n et o b a ct er b a ylii  ( Ta bl e 3. 2) di d n ot a p p e ar t o h a v e a cti vit y o n β-

k et o a di p at e e n ol l a ct o n e as t h e s u bstr at e i n o ur e x p eri m e nts ( d at a n ot s h o w n). H o w e v er, t h e m ol e c ul ar 

w ei g ht of t his pr ot ei n is 6 0 k D a, si mil ar t o t h e 5 4 k D a of t h e  e n z y m e st u di e d b y T h at c h er et al.   T h e 

a cti vit y of N R R L 3 _ 0 1 4 0 9 w as t h er ef or e ass a y e d usi n g β- c ar b o x y m u c o n ol a ct o n e as t h e s u bstr at e. 

I nt er esti n gl y, a d e cr e as e i n a bs or b a n c e at 2 3 0 n m w as o bs er v ed ( Fi g ur e 3. 6 C). T his i n di c at es t h e β-

c ar b o x y m u c o n ol a ct o n e h y dr ol as e a cti vit y of pr ot ei n e n c o d e d b y N R R L 3 _ 0 1 4 0 9 r at h er t h a n β-

k et o a di p at e e n ol l a ct o n e h y dr ol as e a cti vit y.  

 

 

0

0, 2

0, 4

0, 6

0, 8

1

1, 2

1, 4

1, 6

1, 8

0 2 4 6

A
bs

or
ba

nc
e 
(
2
9
0 

n
m)

Ti m e ( mi n)
A

- 0, 4

- 0, 2

0

0, 2

0, 4

0, 6

0, 8

1

0 0, 5 1 1, 5 2A
bs

or
ba

nc
e

(
2
6
0 

n
m)

Ti m e ( mi n)
B



 
 

3 3  
 

 

Fi g ur e 3. 6 : Ass a ys of e n z y m es of t h e pr ot o c at e c h u at e br a n c h of t h e β- k et o a di p at e p at h w a y 

A.    C h a n g es i n a bs or b a n c e at 2 9 0 n m of a pr ot o c at e c h u at e-c o nt ai ni n g ass a y mi xt ur e u p o n 3 s u c c essi v e 

a d diti o ns of pr ot o c at e c h u at e 3, 4- di o x y g e n as e; B  c h a n g es i n a bs or b a n c e at 2 6 0 n m u p o n a d diti o ns of 

0. 2 8 µ g cr u d e e xtr a ct pr ot ei n, t wi c e, fr o m c ells e x pr essi n g N R R L 3 _ 0 2 5 8 6 t o a n ass a y mi xt ur e 

c o nt ai ni n g β- c ar b o x y m u c o n at e; C  c h a n g es i n a bs or b a n c e at 2 3 0 n m r es ulti n g fr o m t h e a d ditio n of cr u d e 

e xtr a ct fr o m c ells e x pr essi n g N R R L 3 _ 0 1 4 0 9 t o a n ass a y mi xt ur e c o nt ai ni n g β- c ar b o x y m u c o n ol a ct o n e. 

Ass a y pr o c e d ur es w er e as d es cri b e d i n M at eri als a n d M et h o ds .  T h e a bs or b a n c e dr o ps i n e a c h 

c o nti n u o us tr a c e ar e d u e t o r e m o v al a n d r ei ns erti o n of t h e ass a y c u v ett e f or t h e a d diti o ns of e n z y m e a n d 

mi xi n g. 

3. 8  P u rifi c ati o n of e n z y m es  

3. 8. 1  P u rifi c ati o n of m u c o n ol o a ct o n e is o m e r as e e n c o d e d b y N R R L 3 _ 1 0 5 0 7 

T h e pr ot ei n e n c o di n g a p ut ati v e m u c o n ol o a ct o n e is o m er as e ( e n c o d e d b y N R R L 3 _ 1 0 5 0 7) w as e x pr ess e d 

i n E.  c oli B L 2 1( D E 3) a n d p urifi e d as d es cri b e d i n " M at eri als a n d M et h o ds " . Bri efl y, pr ot ei n e x pr essi o n 

w as i n d u c e d b y a d diti o n of I P T G a n d t h e c ells w er e h ar v est e d b y c e ntrif u g ati o n.  C ells w er e br o k e n 

usi n g s o ni c ati o n, a n d t h e e n z y m e w as p urifi e d fr o m t h e r es ulti n g cr u d e e xtr a ct b y D E A E a ni o n 

e x c h a n g e c hr o m at o gr a p h y f oll o w e d b y c o n c e ntr ati o n a n d g el filtr ati o n c hr o m at o gr a p h y.  S D S -

p ol y a cr yl a mi d e g el el e ctr o p h or esis of t h e g el filtr ati o n fr a cti o ns, s h o w e d o n e m aj or b a n d of 1 7 k D a 

c orr es p o n di n g t o t h e m u c o n ol o a ct o n e is o m er as e pr e di ct e d m ol e c ul ar w ei g ht. T h e s u m m ar y of 

m u c o n ol o a ct o n e is o m er as e p urifi c ati o n is s h o w n i n Ta bl e 3. 4 a n d Fi g ur e 3. 7.  
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Fi g ur e 3. 7: S D S- P A G E g el ( 1 2 %) of t h e diff er e nt st e ps of t h e p urifi c ati o n of m u c o n ol o a ct o n e 

is o m er as e. I n e a c h w ell 2 5 µ g of pr ot ei n w as l o a d e d. 

T a bl e 3. 4 S u m m ar y of t h e p urifi c ati o n of m u c o n ol o a ct o n e is o m er as e 

3. 8. 2   P u rifi c ati o n of β- k et o a di p at e e n ol-l a ct o n e h y d r ol as e 

T h e pr ot ei n e n c o di n g a p ut ati v e β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e ( e n c o d e d b y N R R L 3 _ 0 4 7 8 8) w as 

e x pr ess e d i n E.  c oli B L 2 1( D E 3) a n d p urifi e d as d es cri b e d i n " M at eri als a n d M et h o ds " . Bri efl y, pr ot ei n 

e x pr essi o n w as i n d u c e d b y a d diti o n of I P T G, t h e c ells w e r e h ar v est e d, br o k e n b y s o ni c ati o n a n d 

c e ntrif u g e d i n or d er t o o bt ai n t h e cr u d e e xtr a ct. T h e s ol u bl e pr ot ei n w as p urifi e d b y usi n g D E A E a ni o n 

e x c h a n g e c hr o m at o gr a p h y, c o n c e ntr at e d, a n d t h e n f urt h er p urifi e d b y g el filtr ati o n c hr o m at o gr a p h y. 

Fr a cti o ns fr o m t h e g el filtr ati o n st e p w er e r u n o n S D S- p ol y a cr yl a mi d e g el el e ctr o p h or esis, w hi c h 

s h o w e d o n e m aj or b a n d of 2 7. 6 2 k D a r e pr es e nti n g β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e pr e di ct e d 

m ol e c ul ar w ei g ht.   Ta bl e 3. 5 a n d Fi g ur e 3. 8 s u m m ari z e t h e β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e 

p urifi c ati o n.  

St e p  
Vol u m e 

( ml) 
Pr ot ei n a m o u nt  

( m g) 
T ot al a cti vit y 

( u nits) 
S p e cifi c a cti vit y 
( µ m ol/ mi n/ m g) 

P urifi c ati o n  
(f ol d) 

Yi el d  
( %) 

Cr u d e e xtr a ct 5 8 5 2 6 5 0 0 3 9. 5 1 1 0 0 

D E A E  1 4. 5 1 1 5 4 5 4 9 3 9. 4 4. 1 9 0. 9 

G el filtr ati o n 1 0 5 9 2 0 9 3. 5 7. 5 4. 1 
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Fi g ur e 3. 8: S D S- P A G E g el ( 1 2 %) s h o wi n g t h e p urifi c ati o n st e ps of β- k et o a di p at e e n ol-l a ct o n e 

h y dr ol as e. I n e a c h w ell 2 5 µ g of pr ot ei n w as l o a d e d. 

 

T a bl e 3. 5 S u m m ar y of t h e p urifi c ati o n of β- k et o a di p at e e n ol- l a ct o n e h y dr ol as e 

3. 8. 3   P u rifi c ati o n of β- c a r b o x y m u c o n at e c y cl as e 

T h e pr ot ei n e n c o di n g a p ut ati v e β- c ar b o x y m u c o n at e c y cl as e ( e n c o d e d b y N R R L 3 _ 0 2 5 8 6) w as 

e x pr ess e d i n E.  c oli B L 2 1( D E 3) a n d p arti all y p urifi e d as d es cri b e d i n " M at eri als a n d M et h o ds ". Bri efl y, 

pr ot ei n e x pr essi o n w as i n d u c e d b y t h e a d diti o n of I P T G, t h e c el ls w er e h ar v est e d a n d t h e n br o k e n b y 

s o ni c ati o n. T h e pr ot ei n w as p arti all y p urifi e d fr o m t h e r es ulti n g cr u d e e xtr a ct b y D E A E a ni o n e x c h a n g e 

c hr o m at o gr a p h y. A n S D S- P A G E g el of fr a cti o ns fr o m t h e D E A E c ol u m n is s h o w n i n Fi g ur e 3. 9. 

T h e p H- a cti vit y pr ofil e o bt ai n e d wit h t h e p urifi e d e n z y m e r e v e als t h at  t h e e n z y m e h as t h e hi g h est 

a cti vit y of 0. 4 8 U/ m g at p H 6. 5 ( Fi g ur e 3. 1 0). T his r es ult is c o nsist e nt wit h t h e r es ults r e p ort e d b y 

T h at c h er et al. 2 3 , w h o r e p ort e d t h at t h e p H o pti m u m f or a β-c ar b o x y m u c o n at e c y cl as e p urifi e d fr o m A. 

ni g er  is at p H 6.  

St e p  
Vol u m e 

( ml) 
Pr ot ei n a m o u nt  

( m g) 
T ot al a cti vit y 

( u nits) 
S p e cifi c a cti vit y 
( µ m ol/ mi n/ m g]) 

P urifi c ati o n  
(f ol d) 

Yi el d  
( %) 

Cr u d e e xtr a ct 5 0 1 1 5 0 7 1 8 9 6. 2 4 1 1 0 0 

D E A E  2 2 3 5 5 2 3 0 0 6. 4 6 1. 0 3 3 1. 9 9 

G el filtr ati o n 1 0 1 1 5 6 9 9 6. 0 8 0. 9 5 9. 7 2 



 
 

3 6  
 

 

Fi g ur e 3. 9: S D S- P A G E g el ( 1 2 %) s h o wi n g t h e β- c ar b o x y m u c o n at e c y cl as e fr a cti o ns p urifi e d b y D E A E 

a ni o n e x c h a n g e c hr o m at o gr a p h y. 

 

 

 Fi g ur e 3. 1 0: p H o pti m u m f or β- c ar b o x y m u c o n at e c y cl as e at 2 5 o C usi n g 5 0 m M M O P S or M E S b uff ers 

at t h e i n di c at e d p H v al u es, as d es cri b e d i n M at eri als a n d M et h o ds. 

3. 8. 4   P u rifi c ati o n of β- c a r b o x y m u c o n ol a ct o n e h y d r ol as e 

T h e pr ot ei n e n c o di n g a p ut ati v e β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e ( e n c o d e d b y N R R L 3 _ 0 1 4 0 9) w as 

e x pr ess e d i n E.  c oli B L 2 1( D E 3) a n d p urifi e d as d es cri b e d i n " M at eri als a n d M et h o ds " . I n bri ef, I P T G 
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w as us e d t o i n d u c e pr ot ei n e x pr essi o n, c ells w er e h ar v est e d a n d br o k e n b y s o ni c ati o n. T h e e n z y m e w as 

p urifi e d b y usi n g D E A E a ni o n e x c h a n g e c hr o m at o gr a p h y f oll o w e d b y p h e n yl- S e p h ar os e 

c hr o m at o gr a p h y a n d fi n all y g el filtr ati o n c hr o m at o gr a p h y, as d es cri b e d i n M at eri als a n d M et h o ds . T h e 

p urifi c ati o n of β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e is s u m m ari z e d i n Ta bl e 3. 6 a n d Fi g ur e 3. 1 1. A 

s p e cifi c a cti vit y of 8. 3 U/ m g w as c al c ul at e d, wit h 0. 3 4- f ol d p urifi c ati o n. T h e dr o p i n s p e cifi c a cti vit y i n 

t h e g el filtr ati o n st e ps i n di c at es s o m e i nst a bilit y of t h e e n zy m e, as w as o bs er v e d b y T h at c h er a n d 

C ai n 2 4 T h e s o ur c e of t his i nst a bilit y h as n ot b e e n d et er mi n e d. 

 

Fi g ur e 3. 1 1: S D S- P A G E g el ( 1 2 %) s h o wi n g t h e p urifi c ati o n of β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e. I n 

e a c h w ell 2 5 µ g of s a m pl e pr ot ei n w as l o a d e d.  

 

T a bl e 3. 6: S u m m ar y of p urifi c ati o n of β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e 

St e p  
Vol u m e  

( ml) 

Pr ot ei n a m o u nt  

( m g) 

T ot al a cti vit y 

( u nits) 

S p e cifi c a cti vit y 

( µ m ol/ mi n/ m g) 

P urifi c ati o n  

(f ol d) 

Yi el d  

( %) 

Cr u d e e xtr a ct 6 1 2 9 1 0. 8 5. 7 8 5 * 1 0 4  1 9. 9 1 1 0 0 

D E A E  2 5 9 0 9. 4 2. 1 9 8 * 1 0 4  2 4. 2 1. 2 3 8 

p h e n yl- S e p h ar os e  1 7 5 9 4. 3 1. 6 8 6 * 1 0 4  2 8. 4 1. 4 2 9. 1 4 

G el filtr ati o n 1 2 1 0 0 0. 8 2 7 * 1 0 3  8. 3 0. 3 4 3. 7 6 
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3. 9   S p e ct r al c h a n g es f o r r e a cti o ns of p r ot o c at e c h u at e b r a n c h of β- k et o a di p at e p at h w a y 

T h e a bs or pti o n s p e ctr a of s u bstr at es a n d pr o d u cts of t h e pr ot o c at e c h u at e br a n c h of β- k et o a di p at e p at h w a y 

w er e  r e c or d e d  i n  t h e  pr es e n c e  of  s u c c essi v e  a d diti o ns  of  t h e  p urifi e d  e n z y m es  i d e ntifi e d  a b o v e  (s e e 

M at eri als a n d M et h o ds ). D uri n g t h e e x p eri m e nt t h e s a m e b as eli n e of b uff er o nl y w as al w a ys us e d. T h e 

visi bl e s p e ctr u m of pr ot o c at e c h ui c a ci d s h o w e d t w o p e a ks at a p pr o xi m at el y 2 5 0 a n d 2 9 0 n m. B y a d di n g 

t h e p urifi e d pr ot o c at e c h u at e 3, 4- di o x y g e n as e ( N R R L _ 0 1 4 0 5), t h es e p e a ks dis a p p e ar e d a n d a s p e ci es wit h 

a br o a d a bs or b a n c e m a xi m u m at 2 6 0 n m w as g e n er at e d ( Fi g ur e 3. 1 2). T his c orr es p o n ds t o t h e c o n v ersi o n 

of pr ot o c at e c h ui c a ci d t o β- c ar b o x y- cis, cis- m u c o n at e 1 8, 6 0 . T h e p e a k at 2 6 0 n m dis a p p e ar e d aft er a d di n g 

β- c ar b o x y m u c o n at e c y cl as e ( N R R L 3 _ 0 2 5 8 6) t o t h e ass a y s ol uti o n, w hi c h is c o nsist e nt wit h pr o d u cti o n 

of β- c ar b o x y m u c o n ol a ct o n e as o bs er v e d b y C ai n et al. 1 8  ( Fi g ur e 3. 1 2). T h e a bs or b a n c e d e cr e as e d a n d w as 

s hift e d  t o  t h e  f ar  U V  b y  a d diti o n  of  β- c ar b o x y m u c o n ol a ct o n e  h y dr ol as e,  c o nsist e nt  wit h  t h e  s p e ctr al 

c h a n g es r e p ort e d b y C ai n et al. f or t h e c o n v ersi o n of β- c ar b o x y m u c o n ol a ct o n e t o β- k et o a di p at e ( Fi g ur e 

3. 1 2). 

 

Fi g ur e 3. 1 2 : Ultr a vi ol et a bs or pti o n s p e ctr a o bs er v e d i n e n z y m ati c r e a ctio n mi xt ur e : f or pr ot o c at e c h ui c 

a ci d i n or a n g e, aft er a d di n g pr ot o c at e c h u at e 3, 4- di o x y g e n as e i n d ar k gr e e n, aft er a d di n g β-

c ar b o x y m u c o n at e c y cl a s e  i n bl u e a n d aft er a d di n g β-c ar b o x y m u c o n ol a ct o n e h y dr ol as e i n p ur pl e.  Aft er 

t h e a d diti o n of e a c h e n z y m e, s p e ctr a w er e r e c or d e d ( n ot s h o wn) u ntil t h e y c e as e d c h a n gi n g a n d t h e n t h e 

s p e ctr u m s h o w n w as r e c or d e d b ef or e t h e a d diti o n of t h e n e xt e n z y m e.  T h e s p e ctr a w er e r e c or d e d usi n g 

a b uff er o nl y b as eli n e. 

0

0, 5

1

1, 5

2

2, 5

3

3, 5

4

4, 5

2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0 3 2 0 3 4 0 3 6 0

A
bs

or
ba

nc
e

W a v el e n gt h ( n m)

pr ot o c at e c h ui c a ci d

pr ot o c at e c h u at e 3, 4-
di o x y g e n as e

β -c ar b o x y m u c o n at e 
c y cl as e 
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3. 1 0   Esti m ati n g n ati v e m ol e c ul a r m ass es of p u rifi e d e n z y m es 

3. 1 0. 1   Si z e e x cl usi o n c h r o m at o g r a p h y ( S E C) 

T h e esti m ati o n of t h e n ati v e m ol e c ul ar w ei g hts of t h e p urifi e d pr ot ei ns e n c o d e d b y N R R L 3 _ 1 0 5 0 7, 

N R R L 3 _ 0 4 7 8 8 a n d N R R L 3 _ 0 1 4 0 9, a n d b y e xt e nsi o n t h eir oli g o m eri c st at es , w as c arri e d o ut usi n g d at a 

fr o m c hr o m at o gr a p h y o n a c ali br at e d S u p er d e x 7 5 1 0/ 3 0 0 G L g el filtr ati o n c ol u m n ( Fi g ur e 3. 1 3), as 

d es cri b e d i n s e cti o n 2. 1 1. 2 . T h e esti m at e d m ol e c ul ar w ei g hts of 3 7 a n d 5 0 k D a r es p e cti v el y f or 

N R R L _ 1 0 5 0 7 a n d N R R L 3 _ 0 4 7 8 8 s u g g est t h e di m eri c f or m of t h es e  pr ot ei n b as e d o n t h eir pr e di ct e d 

m o n o m eri c m ol e c ul ar w ei g hts of 1 7 k D a a n d 2 7. 6 2 k D a, r es p e cti v e l y ( T a bl e 3. 7).  T h e esti m at e d 

m ol e c ul ar w ei g ht of 6 7 k D a f or N R R L 3 _ 0 1 4 0 9 s u g g ests a m o n o m eri c f or m of t his pr ot ei n b as e d o n t h e 

pr e di ct e d m ol e c ul ar w ei g ht of 6 6 k D a ( T a bl e 3. 7). 

T a bl e 3. 7 : M ol e c ul ar w ei g hts a n d oli g o m eri c st at e of p urifi e d pr ot ei ns 

 

 

 

 

 

 

Fi g ur e 3. 1 3 : El uti o n v ol u m es o bs er v e d d uri n g esti m ati o n of m ol e c ul ar w eig ht of N R R L 3- 1 0 5 0 7, 

N R R L 3- 4 7 8 8 a n d N R R L 3- 1 4 0 9 a n d oli g o m eri c st at e b y si z e e x cl usi o n c hr o m at o gr a p h y ( S E C) 

A. ni g er P r ot ei n  

 

T h e o r eti c al 

M ol e c ul a r W ei g ht 

( k D a)  

Esti m at e d 

M ol e c ul a r W ei g ht 

( k D a)  

Oli g o m e ri c 

St at e  

M u c o n ol o a ct o n e is o m er as e 1 7 3 7 Di m eri c 

β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e 2 7. 6 2 5 0 Di m eri c 

β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e 6 4 6 6 M o n o m eri c 



3.10.2 Analytical Ult.♦acentrifugation (AUC) 

Analytical ultracentrifugation was canied out as described in section 2.11.1. Figure 3.14 shows the DCDT 

analysis results for the sedimentation velocity experiment of NRRL3_10507, NRRL3_04788 and 

NRRL3_01409. For NRRL3_10507 a single sedimenting species with estimated molecular mass of 34 

kDa is observed, which is about twice of the estimated monomeric molecular mass of 17 kDa (Table 

3.7). NRRL3_04788 sedimented as a single species with estimated molecular mass of 49 kDa, 

suggesting the dimeric f01m of this enzyme. As for NRRL3_01409, it sedimented as a single species with 

estimated molecular mass of 65 kDa which corresponds to the monomeric f01m of this enzyme 

(Table 3.8). These results are consistent with the results from size exclusion chromatography (Table 

3.7). 

Theoretical Molecular Estimated Molecular 
A. niger Protein

Weight (lilla) Weight (kDa) 

NRRL3 10507 17 2 -17000 

NRRL3 04788 27.62 2 •27000 

NRRL3 01409 64 1 * 65000 

Table 3.8: Analytical ultracentrifuge result for muconoloactone isomerase, �-ketoadipate enol-lactone 

hydrolase and �-carboxymuconolactone hydrolase 

A 

o.&-r--�-�-�1_s .,_pe�c_ies_fi�1t_to_,,g"-(s -+·)_d_at_a �-��-�--

0.7 

0. 

0. 

0) 0. 

! 0. 

� 0. 

:::'. 0.1 
·�

c» 0. 

-0. 

-0. 

-0,4-+---+- --+- -+-- -+-----<---+---+- --+- --+- --+--

0.0 0.6 1.0 1.6 2.0 2.5 3.0 3.6 4.0 4.5 5.0 5 

Results of fit: 

Parameter Best Value 99% Confidence Limits Startino Value 
Co(1)fODl 1.2678 1.2451, 1.2910 1.3038 

s20,w(1) [S) 2.401 2.385, 2.417 2.340 
MC1l ckDal 32.93 31.38 34.46 34.05 

40 
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Fi g ur e  3. 1 4:  S e di m e nt ati o n  v el o cit y  a n al yti c al  ultr a c e ntrif u g ati o n : of  p urifi e d  A  N R R L 3 _ 1 0 5 0 7 

m u c o n ol o a ct o n e  is o m er as e,  B  N R R L 3 _ 0 4 7 8 8  β- k et o a di p at e  e n ol-l a ct o n e  h y dr ol as e  a n d  C 

N R R L 3 _ 0 1 4 0 9 β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e.  T h e D C D T a n al ysis of t h e A U C d at a ar e s h o w n, 

wit h t h e u p p er p a n el s h o wi n g t h e g(s *) pl ot a n d 9 9 % c o nfi d e n c e  i nt er v al. 
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4  Dis c ussi o n  

T h e g o als of t his r es e ar c h w er e t o e x pr ess a n d assi g n f u n cti o ns t o g e n es pr o p os e d t o b e i n v ol v e d i n t h e β-

k et o a di p at e p at h w a ys f or c at e c h ol a n d pr ot o c at e c h u at e i n As p er gill us ni g er .  B et a- k et o a di p at e is o n e of 

t h e c e ntr al i ntr a c ell ul ar m et a b olit es i n f u n gi a n d b a ct eri a t h at m et a b oli z e c at e c h ol a n d pr ot o c at e c h u at e 

a n d  c o n v ert  t h e m  t o  m et a b olit es  of  t h e  tri c ar b o x yli c  a ci d  c y cl e.  D es pit e  e xt e nsi v e  st u di es  i n  b a ct eri a, 

f u n g al s p e ci es ar e l ess w ell st u di e d.  I n p arti c ul ar, alt h o u g h m a n y f u n g al g e n es h a v e b e e n a n n ot at e d i n 

g e n o m e  pr oj e cts  as  c at al y zi n g  t h es e  a cti viti es,  f e w  st u di es  h a v e  a ct u all y  is ol at e d  t h e  c orr es p o n di n g 

pr ot ei ns a n d s h o w n t h e m t o h a v e t h e pr e di ct e d f u n cti o n al pr o p erti es. T h e r es ults ar e e x p e ct e d t o i m pr o v e 

si g nifi c a ntl y  o ur  k n o wl e d g e  of  f u n g al  p at h w a ys  a n d  e n z y m es  i n v ol v e d  i n  bi o d e gr a d ati o n  of  ar o m ati c 

c o m p o u n ds,  a n d  s u p p ort  f ut ur e  st u di es,  s u c h  as  o n  g e n e  r e g ul ati o n,  w hi c h  m a y  b e n efit  fr o m  t his 

i nf or m ati o n. 

 

A. ni g er  w as c h os e n f or t h e f oll o wi n g r e as o ns: 

a)  Its g e n o m e h as b e e n f ull y s e q u e n c e d a n d is p u bli cl y a v ail a bl e. 

b)  A  v ari et y  of  its  e n z y m es  a n d  a cti viti es  ar e  us e d  i n  i n d ustr y  a n d  it  c a n  r e a dil y  b e  g e n eti c all y 

m a ni p ul at e d. 

c)  E x p ertis e wit h A. ni g er  is a v ail a bl e i n t h e C e ntr e f or Str u ct ur al G e n o mi cs at C o n c or di a U ni v ersit y. 

d)  M et a b olit es a n d e n z y m e a cti viti es of t h e β- k et o a di p at e p at h w a y i n A. ni g er h a v e b e e n r e p ort e d b y  

C ai n et al. 1 8, 2 3, 2 4  alt h o u g h at a ti m e w h e n s e q u e n c e i nf or m ati o n w as n ot a v ail a bl e t o c orr el at e wit h 

p arti c ul ar g e n es. 

T h e  a p pr o a c h  t h at  w as  t a k e n  w as  t o  i d e ntif y  g e n es  i n  t h e A. ni g er   g e n o m e,  eit h er  fr o m  t h e  g e n o mi c 

s e q u e n c e a n n ot ati o n or B L A S T c o m p aris o ns wit h g e n es e n c o di n g k n o w n e n z y m e a cti viti es, a m plif y t h e m 

fr o m c D N A usi n g P C R, cl o n e t h e m i nt o a b a ct eri al e x pr essi o n v e ct or a n d t h e n aft er e x pr essi o n p urif y a n d 

c h ar a ct eri z e t h e r es ulti n g pr ot ei ns wit h r es p e ct t o a cti vit y a n d s o m e ot h er pr o p erti es. 

 

T h e  t ar g et  s e q u e n c es  i n  t h e A.  ni g er   g e n o m e  w er e  s el e ct e d  b y  q u er yi n g  t h e A.  ni g er   g e n o m e  wit h 

s e q u e n c es  of  pr ot ei ns  fr o m A.  ni d ul a ns, pr o p os e d  t o  b e  i n v ol v e d  i n  t h e  β- k et o a di p at e  p at h w a y  vi a 

g e n o mi cs a n d pr ot e o mi cs e x p eri m e nts 2 1   , as w ell as s e q u e n c es of k n o w n e n z y m es fr o m  P. p uti d a a n d A. 

c al c o a c eti c us  β- k et o a di p at e p at h w a ys. I n t ot al, el e v e n s e q u e n c es w er e c h os e n ( T a bl e 3. 2) c orr es p o n di n g 

t o t h e e n z y m es i n v ol v e d i n d o w n-str e a m r e a cti o ns of t h e β- k et o a di p at e p at h w a y. S o m e of t h es e s e q u e n c es 

h a v e l o w i d e ntit y t o t h os e of t h e p u blis h e d e n z y m es es p e ci all y t h os e fr o m pr o k ar y ot es, a n d i n s o m e c as es 



 
 

4 3  
 

t h er e  is  m or e  t h a n  o n e  c a n di d at e.  P C R  a m plifi c ati o n  w as  c arri e d  o ut  usi n g  usi n g A.  ni g er   c D N A  a n d 

s u bs e q u e ntl y cl o n e d i nt o t h e p L A T E 1 1 v e ct or usi n g t h e li g ati o n i n d e p e n d e nt a LI C at or LI C Cl o ni n g kit. 

All of t h e c h os e n g e n es w er e s u c c essf ull y a m plifi e d a n d cl o n e d. E a c h pl as mi d w as tr a nsf or m e d i nt o E. 

c oli  B L 2 1( D E 3 )  a n d  t h e n  t est e d  f or  e x pr essi o n  usi n g  s cr e e ni n g  b y  S D S- P A G E.  Si x  g e n es  w er e 

s u c c essf ull y e x pr ess e d a n d fr o m t h e m o n e w as i ns ol u bl e a n d fi v e w er e t h e s ol u bl e pr ot ei ns ( T a bl e 3. 3).  

T h es e pr ot ei ns w er e t h e n t est e d f or β- k et o a di p at e p at h w a y e n z y m e a cti viti es first i n cr u d e e xtr a ct a n d 

aft er p urifi c ati o n. 

4. 1   C at e c h ol b r a n c h of t h e β- k et o a di p at e p at h w a y  

T h e g e n e, c at B , fr o m Ps e u d o m o n as p uti d a 5 7  u s e d as a q u er y s e q u e n c e i n a B L A S T s e ar c h a g ai nst t h e A. 

ni g er  g e n o m e a n d N R R L 3 _ 1 1 1 2 0  w as i d e ntifi e d as a g e n e p ossi bl y e n c o di n g M L EI a cti vit y ( T a bl e 3. 2). 

T his  g e n e w as s u c c essf ull y  e x pr ess e d  as  a  s ol u bl e  pr ot ei n  ( T a bl e  3. 3)  h o w e v er  its  a cti vit y  s h o ul d  b e 

f urt h er i n v esti g at e d i n f ut ur e st u di es. 

 

B as e d  o n  bi oi nf or m ati cs  c o m p aris o ns,  N R R L 3 _ 1 0 5 0 7  a n d  N R R L 3 _ 0 4 7 8 8  w er e  pr e di ct e d  t o  p ossi bl y 

h a v e m u c o n ol a ct o n e is o m er as e a n d β- k et o a di p at e e n ol l a ct o n e h y dr ol as e a cti viti es, r es p e cti v el y ( Fi g ur e 

3. 1 0).  Usi n g e n z y m e a cti vit y ass a ys si mil ar t o t h os e ori gi n all y r e p ort e d f or t h e ort h ol o g o us pr ot ei ns fr o m 

P. p uti d a 1 4   r es ult e d i n c o nfir m ati o n of m u c o n ol a ct o n e is o m er as e a cti vit y a n d β- k et o a di p at e e n ol l a ct o n e 

h y dr ol as e  a cti vit y  f or  N R R L 3 _ 1 0 5 0 7  a n d  N R R L 3 _ 0 4 7 8 8  pr ot ei ns  r es p e cti v el y.   T h e  a cti vit y  of 

m u c o n ol a ct o n e is o m er as e w as c o nfir m e d b y m o nit ori n g t h e dis a p p e ar a n c e of m u c o n ol a ct o n e at 2 3 0 n m 

a n d 2 5 o C i n t h e pr es e n c e of e x c ess β- k et o a di p at e e n ol-l a ct o n e h y dr ol as e. I n t h e ass a y s ol uti o n t h e pr o d u ct 

of m u c o n ol a ct o n e is o m er as e e xist i n t w o t a ut o m eri c f or ms a n d o n e of t h es e f or ms a bs or bs c o nsi d er a bl y 

at  2 3 0  n m  d u e  t o  its  f ur a n  ri n g.  O n  t h e  ot h er  h a n d  β- k et o a di p at e  e n ol-l a ct o n e  h y dr ol as e  c o n v erts  t his 

pr o d u ct t o β- k et o a di p at e w hi c h is tr a ns p ar e nt at 2 3 0 n m 2 0 . T h er ef or e,t h e d e cr e as e i n a bs or b a n c e o bs er v e d 

i n t his ass a y s et- u p ( Fi g ur e 3. 3), b ut o nl y i n t h e pr es e n c e of t h e h y dr ol as e, is c o nsist e nt wit h t h e is o m er as e 

a cti vit y.    T h e  d e cr e as e  i n  a bs or b a n c e  at  2 3 0  n m  o nl y  u p o n  t h e  a d diti o n  e xtr a ct  of  c ells  e x pr essi n g 

N R R L 3 _ 0 4 7 8 8 s u g g ests t h at it is t h e β- k et o a di p at e e n ol- l a ct o n e h y dr ol as e.  

T h e bi oi nf or m ati cs c o m p aris o ns als o s u g g est e d t h e p ossi bilit y of β- k et o a di p at e e n ol l a ct o n e h y dr ol as e 

a cti vit y  f or  N R R L 3 _ 0 1 4 0 9.  H o w e v er,  its  pr e di ct e d  m ol e c ul ar  w ei g ht  is  q uit e  diff er e nt  fr o m 

N R R L 3 _ 0 4 7 8 8,  w hi c h  as  e x pl ai n e d  a b o v e,  h as  a cti vit y.  Usi n g  N R R L 3 _ 1 4 0 9- e n c o d e d  e n z y m e  i n  t h e 

ass a y a cti viti es d es cri b e d a b o v e di d n ot r es ult i n a n y c h a n g es i n t h e a bs or b a n c e. T h er ef or e, t his e n z y m e 
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d o es n ot h a v e t h e pr e di ct e d a cti vit y i n o ur e x p eri m e nts. As d es cri b e d b el o w, t his e n z y m e h as a p p e ars t o 

b e t h e pr ot o c at e c h u at e br a n c h β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e e n z y m e o bs er v e d b y R. T h at c h er et 

al 2 3 .  Aft er  c o nfir mi n g  t h e  a cti vit y  i n  cr u d e  e xtr a cts,  t hr e e-st e p  pr ot ei n  p urifi c ati o ns  w er e  c arri e d 

s u c c essf ull y f or t h e N R R L 3 _ 1 0 5 0 7 a n d N R R L 3 _ 0 4 7 8 8 e n c o d e d e n z y m e s.  

T h e m u c o n ol a ct o n e is o m er as e e n c o d e d b y N R R L 3 _ 1 0 5 0 7, w as p urifi e d wit h a 7. 1f ol d i n cr e as e i n p urit y 

( Fi g ur e 3. 7). Als o, it w as d et er mi n e d t o b e a di m er wit h a m ass of 3 7 0 0 0 D a b y c o m bi ni n g S D S 

p ol y a cr yl a mi d e g el el e ctr o p h or esis, w hi c h s h o w e d a m o n o m er m ass  of 1 7 0 0 0 0 D a, a n d S u p er d e x S- 3 0 0 

c hr o m at o gr a p h y w hi c h s h o w e d a si n gl e s p e ci es mi gr ati n g at  3 7 0 0 0 D a. T h e a n al yti c al ultr a- c e ntrif u g e 

( A U C) r es ults i n di c at e d a v er y si mil ar o v er all m ass of 3 4 0 0 0 D a. L. N. Or nst o n et al.  2 0 p urifi e d a n d 

c h ar a ct eri z e d t his e n z y m e fr o m t h e c at e c h ol br a n c h of t h e β- k et o a di p at e p at h w a y of P. p uti d a . B as e d o n 

t h eir st u di es t his e n z y m e is a d e c a m er wit h a m ol e c ul ar w ei g ht of 9 3 0 0 0 D a a n d a s u b u nit m ass of 

1 1 0 0 0 D a 6 1 . T h e m ol e c ul ar w ei g ht a n d s u b u nit c o m p ositi o n of t h e p urifi ed N R R L 3 _ 1 0 5 0 7 is 

c o nsi d er a bl y diff er e nt t h a n t h e d e c a m er m u c o n ol a ct o n e is o m er as e  fr o m Ps e u d o m o n as p uti d a , a n d a 

B L A S T c o m p aris o n of t h e a mi n o a ci d s e q u e n c es s h o w n o si g nifi c a nt si mil arit y. H o w e v er, t h e 

ort h ol o g u e fr o m A. ni d ul a ns, A N 4 0 6 1, pr e di ct e d t o h a v e m ulti m eri c N T F 2 li k e pr ot ei n d o m ai ns b as e d 

o n I nt er Pr o- S c a n cl assifi c ati o ns w hi c h s u g g ests a n e w cl ass of m ulti m eri c m u c o n ol a ct o n e is o m er as es. 

M or e o v er, s o m e h o m ol o g o us pr ot ei ns f o u n d i n Di k ar y a f u n gi  ( 1 3 3 s p e ci es) a n d As c o m y c ot a ( 1 2 1 

s p e ci es) 2 1 . 

I nt er esti n gl y w e w er e n ot a ble t o fi n d a n y h o m ol o gs of t his pr ot ei n i n t h e S wiss Pr ot d at a b as e, t h er ef or e 

m or e i n v esti g ati o n is n e e d e d t o d et er mi n e d o m ai ns a n d c at al yti c  sit es of t his pr ot ei n. 

T h e p ut ati v e β- k et o a di p at e e n ol l a ct o n e h y dr ol as e, e n c o d e d b y N R R L 3 _ 0 4 8 7 7, w as p urifi e d  9. 7f ol d a n d 

a si g nifi c a nt i n cr e as e i n its s p e cifi c a cti vit y ( Fi g 3. 8). T h e p urifi e d pr ot ei n a p p e ars t o b e a di m er wit h a 

m ass of 5 0 0 0 0 D a b y S u p er d e x S- 3 0 0 c hr o m at o gr a p h y a n d a s u b u nit m ol e c ul ar w ei g ht of 2 7. 6 k D a b y 

S D S p ol y a cr yl a mi d e g el el e ctr o p h or esis. T h e A U C r es ult s h o wi n g a si n gl e s p e ci es wit h a m ol e c ul ar m ass 

of 4 9 k D a. T his e n z y m e is l ar g er t h a n t h e di m eri c β- k et o a di p at e e n ol l a ct o n e h y dr ol as e fr o m P. p uti d a  

wit h a m ol e c ul ar w ei g ht of 3 3 0 0 0 D a as r e p ort e d b y L. N. Or nst o n 2 0 . T h e N R R L 3 a n n ot ati o n of of β-

k et o a di p at e  e n ol-l a ct o n e  h y dr ol as e  i n di c at es  t h at  t h e  e n z y m e  h as  t h e  Al p h a/ B et a  h y dr ol as e  f ol d.    A 

B L A S T c o m p aris o n d et e ct e d n o si g nifi c a nt si mil arit y wit h t h e P. p uti d a  e n z y m e s e q u e n c e, b ut a B L A S T 

s e ar c h  of  t h e  S wiss Pr ot  d at a b as e  i n di c at es  2 8 %  i d e ntit y  t o  3- o x o a di p at e  e n ol-l a ct o n as e  1  fr o m 

A cti n o b a ct er b a yl yi 6 2 . 
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T his r es ult is c o nsist e nt wit h t h e st u d y t h at h as b e e n r e p ort e d b y M arti n o n t h e ort h ol o g u e fr o m A. 

ni d ul a ns. H e h as r e p ort e d t h at A N 4 5 3 1 c o d es a pr ot ei n wit h 5 1 0 a mi n o a ci d r esi d u es wit h Al p h a/ B et a 

h y dr ol as e f ol d a n d t h e or eti c al m ol e c ul ar w ei g ht 5 6 k D a a n d e x p e ri m e nt al m ol e c ul ar w ei g ht 2 7 k D a2 1 . 

4. 2   P r ot o c at e c h u at e b r a n c h of t h e β- k et o a di p at e p at h w a y  

T h e pr ot o c at e c h u at e br a n c h of t h e β- k et o a di p at e p at h w a y i n v ol v es a l a ct o ni z ati o n st e p w h er e t h e ri n g 

cl e a v a g e pr o d u ct, β- c ar b o x y m u c o n at e, is c y cli z e d t o β- c ar b o x y m u c o n ol a ct o n e, w hi c h is t h e n 

h y dr ol y z e d a n d d e c ar b o x yl at e d t o β- k et o a di p at e, r e a cti o ns t h at ar e s p e cifi c t o f u n gi 1 8 . T h e g e n e pr o d u ct 

of N R R L 3 _ 0 2 5 8 6 w as pr e di ct e d t o h a v e t h e β- c ar b o x y m u c o n at e c y cl as e a cti vit y of t h e pr ot o c at e c h u at e 

br a n c h o n t h e b asis of a s e q u e n c e c o m p aris o n wit h t h e A. ni d ul a ns  ort h ol o g u e, A N 1 1 5 1, w hi c h w as 

pr o p os e d o n t h e b asis of pr ot e o mi c st u di es. I n t his st u d y t h e g e n e r e pl a c e m e nt m ut a nt Δ 1 1 5 1 di d n ot 

gr o w i n b e n z o at e m e di u m a n d s h o w e d t h e a c u m ul at u oi n of t h e 3- c ar b o x y- cis cis - m u c o n at e w hi c h 

s u g g ests t h e ess e nti al r ol e of t his g e n e i n b e n z o at e us a g e as a  c ar b o n s o ur c e2 1 .  

T his e n z y m e h as b e e n p urifi e d a n d t o s o m e e xt e nt c h ar a ct eri z e d b y C ai n et al. b ut t h e y di d n ot r e p ort t h e 

s e q u e n c e of t h e c orr es p o n di n g g e n e 1 8, 2 3, 2 4 .  T h e e x pr ess e d pr ot ei n e n c o d e d b y N R R L 3 _ 0 2 5 8 6 w as 

p arti all y p urifi e d a n d its a cti vit y c o nfir m e d b y m o nit ori n g t h e dis a p p e ar a n c e of β- c ar b o x y- cis, cis -

m u c o n at e, w hi c h h as a str o n g a bs or pti o n at 2 6 0 n m ( Fi g  3. 6 B).  T h e is ol at e d e n z y m e pr e p ar ati o n als o 

h a d a p H o pti m u m si mil ar t o t h at r e p ort e d b y C ai n’s gr o u p 2 3  (Fi g  3. 1 0).  

I niti all y it w as pr e di ct e d t h at β-c ar b o x y m u c o n ol a ct o n e h y dr ol as e a cti vit y mi g ht b e e n c o d e d b y 

N R R L 3 _ 0 8 3 4 0, w hi c h is t h e A. ni g er  ort h ol o g u e of a g e n e p ut ati v el y i d e ntifi e d i n A. ni d ul a ns  o n t h e 

b asis of pr ot e o mi c st u di es ( A N 5 2 3 2). I n t his st u d y t h e g e n e r e pl a c e m e nt m ut a nt Δ A N 5 2 3 2 di d n ot gr o w 

i n b e n z o at e m e di u m a n d s h o w e d t h e a c u m ul at u oi n of t h e 3-c ar b o x y m u c o n al a ct o n e w hi c h s u g g ests t h e 

ess e nti al r ol e of t his g e n e i n b e n z o at e us a g e as a c ar b o n s o ur c e 2 1 . β- c ar b o x y m u c o n ol a ct o n e h y dr olas e 

h as b e e n p urifi e d pr e vi o usl y fr o m As p er gill us ni g er a n d ass a y e d  b y R. T h at c h er et al 2 4 . T h e y r e p ort e d 

t h at, t h e pr o d u ct of t h e 3, 4-di h y dr o x y b e n z o at e cl e a v a g e r e a cti o n, β- c ar b o x y m u c o n ol a ct o n e, a bs or bs at 

2 3 0: b y a d di n g β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e t o t h e ass a y s ol uti o n t h e d e cr e a s e i n a bs or b a n c e 

c o nfir ms β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e a cti vit y. H o w e v er, a n e xtr a ct of c ells  e x pr essi n g 

N R R L 3 _ 0 8 3 4 0 r es ult e d i n n o c h a n g e i n a bs or b a n c e. T h er ef or e , t his pr ot ei n d o es n ot h a v e t h e pr e di ct e d a cti vit y i n 

o ur e x p eri m e nts.  
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As  r e p ort e d  b y  R. T h at c h er et  al. t h e  e n z y m e  t h e y  is ol at e d  h a d  b ot h  d e c ar b o x yl ati o n  a n d  h y dr ol ysis 

a cti viti es  a n d  a n  esti m at e d  m ol e c ul ar  w ei g ht  o n  p ol y a cr y a mi d e  g el  el e ctr o p h or esis  of  5 4  k D a 1 8,  2 4 . 

H o w e v er, t h e N R R L 3 _ 0 8 3 4 0 e n c o d e d pr ot ei n h as a pr e di ct e d m ol e c ul ar w ei g ht of a b o ut 1 6 k D a w hi c h 

is o nl y a b o ut a t hir d of t h e si z e of t h eir pr e vi o usl y c h ar a ct eri z e d e n z y m e. As m e nti o n e d i n t h e pr e vi o us 

s e cti o n o n t h e c at e c h ol br a n c h a cti viti es, t h e a mi n o a ci d s e q u e n c e e n c o d e d b y N R R L 3 _ 0 1 4 0 9 s h o w e d 

s o m e s e q u e n c e si mil arit y t o b a ct eri al β- k et o a di p at e e n ol l a ct o n e h y dr ol as e b ut di d n ot h a v e t h at pr e di ct e d 

a cti vit y i n o ur e x p eri m e nts. T h e pr e di ct e d a n d o bs er v e d m ol e c ul ar w ei g ht of t h e e n c o d e d pr ot ei n is 6 0 

k D a,  w hi c h  is  cl os e  t o  t h e  m ol e c ul ar  w ei g ht  of  t h e  e n z y m e  st u di e d  b y  R.  T h at c h er et  al.   Usi n g 

N R R L 3 _ 0 1 4 0 9  i n  a n  ass a y  s ol uti o n  c o nt ai ni n g  β- c ar b o x y m u c o n ol a ct o n e  as  t h e  s u bstr at e,  s h o w e d 

d e cr e as e  i n  a bs or b a n c e  at  2 3 0  n m  a n d  c o nfir m e d  t h e  β- c ar b o x y m u c o n ol a ct o n e  h y dr ol as e  a cti vit y  of 

N R R L 3 _ 0 1 4 0 9 pr ot ei n ( Fi g  3. 6 C). T his r es ult is c o nsist e nt wit h C ai n’s s p e ctr al c h a n g es ass a y ( Fi g 7)1 8  

a s w ell as o ur s p e ctr al c h a n g es r es ult ( Fi g. 1 2). 

T h e e x pr ess e d pr ot ei n fr o m N R R L 3 _ 1 4 0 9 w e nt t hr o u g h a 4 st e ps p urifi c ati o n pr o c e d ur e.  D es pit e t h e 

mi ni m al i n cr e as e i n p urit y b y S D S- P A G E, it s h o w e d a d e cr e as e i n s p e cifi c a cti vit y d uri n g p urifi c ati o n 

( Fi g 3. 1 1. T h e d e cr e as e i n s p e cifi c a cti vit y m a y i n di c at e s o m e i nst a bilit y ( as r e p ort e d b y T h at c h er a n d 

C ai n)  t h at  s h o ul d  b e  f urt h er  e x a mi n e d.  Pr e vi o usl y  T h at c h er  a n d  C ai n  s h o w e d  t h at  t h e  β-

c ar b o x y m u c o n ol a ct o n e h y dr ol as e is a m o n o m er wit h t h e m ol e c ul ar w ei g ht of 5 4 0 0 0 D a 2 4 . T h e pr ot ei n 

is ol at e d  i n  t his  st u d y  c o nsist e d  of  a  m o n o m er  wit h  a  m ass  of  6 6 0 0 0  D a  b y  S D S- p ol y a cr yl a mi d e  g el 

el e ctr o p h or esis a n d a v er y si mil ar esti m at e d m ass b y S u p er d e x S- 3 0 0 c hr o m at o gr a p h y. A U C e x p eri m e nts 

s h o w e d a r es ult si mil ar t o S E C. T h e N R R L 3 a n n ot ati o n of β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e i n di c at e d 

t h at t h e e n z y m e h as t h e Al p h a/ B et a h y dr ol as e f ol d a n d di m eri c al p h a- b et a b arr el. A p art of t h e pr ot ei n h as 

a n u n k n o w n d o m ai n t h at s h o ul d b e f urt h er i n v esti g at e d.  

I n s u m m ar y, t his st u d y assi g n e d 5 pr e vi o usl y u n c h ar a ct eris e d g e n es t o d o w nstr e a m r e a cti o ns of t h e β-

k et o a di p at e  p at h w a y  i n A.  ni g er ,  aft er  e x pr essi o n  i n E.  c oli ,  e n z y m ati c  ass a y,  a n d  p urifi c ati o n.  T h e 

s e q u e n c e ( N R R L 3 _ 0 1 4 0 9) of β- c ar b o x y m u c o n ol a ct o n e h y dr ol as e- d e c ar b o x yl as e is t h e first r e p ort e d f or 

t his  e n z y m e.  T his  pr oj e ct  pr o vi d e d  n o v el  i nf or m ati o n  a b o ut  s o m e  m ol e c ul ar  pr o p erti es  of  β-

c ar b o x y m u c o n at e  h y dr ol as e  ( N R R L 3 _ 0 1 4 0 9),  al o n g  wit h  n e w  i nf or m ati o n  of  s o m e  pr o p erti es  of  t w o 

e n z y m es  m u c o n ol a ct o n e  is o m er as e  ( N R R L 3 _ 1 0 5 0 7)  a n d  β- k et o a di p at e  e n ol  l a ct o n e  h y dr ol as e 

( N R R L 3 _ 0 4 7 8 8).  
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T h e  fi n di n gs  r e p ort e d  h er e  i n cr e as e  o ur  k n o wl e d g e  a b o ut  f u n g al  e n z y m es  i n v ol v e d  i n  d e gr a d ati o n  of 

ar o m ati c  c o m p o u n ds  a n d  c o ul d  b e  us ef ul  f or  t h e  d e v el o p m e nt  of  e n gi n e er e d  str ai ns  f or  effi ci e nt 

d e gr a d ati o n of ar o m ati c c o m p o u n ds i n bi o-r efi n er y a n d bi or e m e di ati o n a p pli c ati o ns. 
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