
C H A P T E R  5
B E N Z O (A )P Y R E N E  B IO D E G R A D A T IO N  B Y  

A S P E R G I L L U S  N I G E R  N 003

A s described in chapter 4, three fungal isolates w ere obtained as potent BaP  
degrader. One o f  them w as endophytic fungus, A s p e r g i l l u s  n i g e r  N 003 . This chapter 
describes in details o f  its biodegradation ability and factors affecting the degradation

5.1 B io d eg ra d a tio n  K in etic  stu d y
The BaP degradation kinetic w as studied in liquid m edia. The photo -  oxidation, 

the adsorption by m ycelia  and biodegradation by fungi w ere measured and recorded 
every 5 days until 30 days o f  incubation. The m ycelium  dry w eights o f  fungi were 
collected  corresponding to the degradation process. The result w as show n in Figure 5.1 
and described as follow ing:

The total loss o f  BaP from physical adsorption and photo-oxidation were 
determ ined as the controls and found to be in the minim um  range o f  approxim ately 3% 
and 20%  w ithin 30 days o f  incubation, respectively. W hile o f  the total degradation after 
30 day-incubation o f  A s p e r g i l l u s  n i g e r  N 003  w as about 80%  (Figure 5.1). The biom ass 
o f  this prom ising fungus could be seen in Figure 4 .2  A.

The significant BaP biodegradation by A s p e r g i l l u s  n i g e r  N 003 could be detected  
within the first five  days o f  incubation at 32°c in liquid m edium  supplem ented w ith ร- 
ทไM glu cose as a carbon source. The degradation rates o f  A s p e r g i l l u s  n i g e r  N 003 was 
found to be 38 .4  pm ole BaP/day (calculated from the first five days o f  incubation).

The A s p e r g i l l u s  n i g e r  N 003  isolated in this study show ed the similar 
biodegradation effic ien cy  to A s p e r g i l l u s  t e r r e u s  in which approxim ately 50% o f  100 ppm 
BaP was rem oved within the first 10 days (Figure 5.1). This result expressed the greater



biodegradation e ffic ien cy  than that o f  A s p e r g i l l u s  t e r r e u s  o f  w hich 27.5%  o f  25 ppm 
BaP w as degraded after 9 days o f  culture (Capotorti et ah, 2004).
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Figure 5.1 B iodegradation o f  100-ppm  BaP o f  the fungal isolate in liquid m edium . Loss 
o f  BaP from auto-degradation (A); L oss o f  BaP from adsorption (อ); and BaP  
Biodegradation (x). (M ean o f  three replications + /- S .D .)

This result suggested  the relatively good BaP degradation ability o f  our fungal 
isolate ( A s p e r g i l l u s  n i g e r  N 0 0 3 ) when compared to those o f  other BaP-degrading fungi 
previously reported.

Further studies w ere conducted to determine the factors affecting the BaP 
degradation and to investigate the degradation m echanism  o f  this isolate.

5 .2  F actors a ffec tin g  B aP  d egrad ation
5.2.1 E ffect o f  aeration



Since degradation o f  PAH  is generally reported to be the oxidation reaction 
(C em ig lia  et al., 1985; Cerniglia, 1992; Cerniglia, 1993), w e optim ized the aeration rate 
to dem onstrate whether it affected growth o f  fungi as w ell as its biodegradation ability o f  
BaP by varying the shaking speed from 60, 120 and 180 rpm. The results w ere presented  
in Figure 5.2.1 that aeration w as ob v iou sly  affected the growth o f  this fungal strains in 
that the higher the shaking stroke it w as, the higher the growth w as obtained (Figure 5.2.1 
A).
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For A s p e r g i l l u s  n i g e r  N 0 0 3 , w e  found that, the presence o f  BaP did not affect or 
reduce the b iom ass o f  fungi. The higher shaking rate, the higher biom ass obtained  
(Figure 5.2.1 A ). The biodegradation o f  BaP w as expressed as sp ecific  degradation per 
cell dry w eight w ere increased w hen the aeration rate increased, and the results show ed  
that at the shaking stroke at 180 rpm, the biodegradation o f  BaP w as much more higher 
than those at 60 rpm or 120 rpm (Figure 5.2. IB).

S ince the fungal growth o f  each shaking conditions tested were different, the 
com parison o f  biodegradation o f  BaP w as described as the sp ecific  degradation in which  
the amount o f  BaP degraded w as calculated as dry w eight fungal biom ass. The result 
show ed that the faster the shaking stroke, the more the aeration for the fungal growth and 
the more the biodegradation o f  BaP (Figure 5.2.1 B). This result agrees with the previous 
reports that the shaking condition for PAH  degradation not on ly increases the oxygen  
availability, but it also increases PAH  solubility into aqueous phase for the organism  
uptake (Johnsen et al., 2005).

5 .2 .2  Effect o f  initial BaP concentration
Biodegradation o f  BaP carried out w ith the optim um  shaking stoke (180 rpm) was 

further investigated. The ability o f  fungi to survive and degrade BaP at various 
concentrations (100 , 200 , and 300 ppm) was investigated. The results were show ed in 
Figure 5 .2 .2  as show n below .
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F igure  5.2.1 G ro w th  and  b iod eg rad a tio n  o f  A sperg illu s n iger  N 003  in g lu co se-co n ta in in g  
m ed ium , in th e  ab sen ce  o f  B aP  (— ) o r in the  p resence  o f  100-ppm  B aP  (—). (A ) G row th  
o f  the  fungi w as w ith  rec ip rocal sh ak in g  at 60 rpm  (■ ), 120 rpm  ( A ) ,  and  180 rpm  ( • ) .  
(B ) B io d eg rad a tio n  o f  B aP  w hen  ce lls  w ere  grow n w ith  d ifferen t rec ip rocal shak ing  a t 60 
rpm  (■ ), 120 rpm  ( A ) ,  and 180 rpm  ( • ) .  T he  b iodegradation  o f  B aP  w as exp ressed  as 
specific  d eg rad a tio n  per cell d ry  w eigh t. (M ean  o f  th ree  rep lica tions + /- S .D .)
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F igure  5 .2 .2  G ro w th  (A ) and B aP  b io d eg rad a tio n  ab ility  (B ) o f  A sperg illu s n iger  N 003 in 
g lu co se -co n ta in in g  m edium  at v a rio u s co n cen tra tio n s o f  BaP: 100-ppm  ( • ) ,  200-ppm  (■ ), 
and 300 -ppm  ( A ) .  T h e  b io deg radation  o f  B aP w as exp ressed  as specific  degradation  per 
cell d ry  w eigh t. (M ean  o f  th ree  rep lica tio n s + /- S.D .)



T he study  w ith  A sperg illu s n iger  N 003 show ed  th a t at th e  h ig h er concen tra tion  
o f  B aP  supp lied , the g row th  o f  fungal iso la te  w as s ig n ifican tly  lim ited  (F ig u re  5 .2 .2A ) 
and th e  b io d eg rad a tio n  o f  B aP  w as reduced  w hen  com pared  to  th a t w ith  100 ppm  BaP. 
W hen A sp erg illu s n iger  N 003 g row n in th e  p resence  o f  100 ppm  B aP  cou ld  up take  
ap p ro x im a te ly  200  pg  B aP  per m g dry  w eig h t w ith in  30 days o f  incubation , it cou ld  only  
u p take  50%  o f  th e  B aP  w hen  g row n w ith  200  ppm  and  300  ppm  B aP  (F ig u re  5 .2 .2  B).

In 100-ppm  B aP , th e  d eg rad a tio n  ra te  o f  B aP  w as rap id  w ith in  th e  first five days 
o f  incuba tion  in w h ich  30 pg  B aP  a t 100 ppm  B aP  w as decreased  to  8 pg  B aP  p e r m g dry 
w eig h t w ith in  30 days o f  incubation , and  th en  th e  d eg rad a tio n  w as co n tin u ed  w ith  a 
slow er ra te  (F igu re  5 .2 .2B ). T he to ta l b io d eg rad a tio n  o f  B aP  a fte r 30 days o f  incubation  
w as ap p ro x im a te ly  80%  o f  the  in itia l am o u n t supp lied  (F igure  5 .1).

5 .2 .3  E ffec t o f  g lucose  co n cen tra tio n
T o d e te rm in e  the  effec t o f  g lucose  co n cen tra tio n  on  fungal g row th  and  B aP 

d eg rad a tio n , th e  cu ltu res o f  th ree  p ro m isin g  fungi w ere  g row n on  m in im al m ed ia  w ith  0 
m M , 5 m M , and  50 m M  g lucose  in th e  p resen ce  o r ab sence  o f  B aP . T h e  resu lts  w ere  
show n  in F ig u re  5.2.3.

T he fungal g row th  o f  A sp erg illu s n iger  N 003 grow n in the  50 m M  g lucose  w as 
rap id ly  increased  5 tim es w ith in  the  first 5 days o f  incubation  com p ared  to  th a t in the 
p resen ce  o f  5 m M  g lucose  (F igu re  5 .2 .3A ). H ow ever, th e  specific  d eg rad a tio n  w as 
decreased  3 tim es (F igu re  5 .2 .3B ). In the  absence  o f  g lucose , th e  fungal g row th  w as 
o b v io u sly  lim ited . It is in teresting , how ever, th a t the  b io deg radation  o f  B aP  w as detected  
at ap p ro x im a te ly  50 pg  B aP / m g d ry  w e ig h t w ith in  15 days o f  investiga tion  (F igu re  5.2.3 
A , B).
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T h e  p rocess o f  co -ox ida tion  has been p roposed  to  be a  po ten tia lly  im portan t 
m echan ism  for the  d issipa tion  o f  reca lc itran t P A H s from  soil (Perry , 1979). A lso ,



B eng tsson  and Z erh o u n i (2003) sta ted  tha t th e  co m p lem en ta ry  su b stra te  w as needed  to  
p rom ote  d eg rad a tio n  o f  P A H s in the  soil (B eng tsson  and  Z erh o u n i, 2003).

In th is  study , th e  co n sid erab le  e ffo rt to  induce th e  b io d eg rad a tio n  o f  B aP  by co 
m etab o lism  u sin g  g lu co se  as a  g row th  substra te  w as p erfo rm ed  w ith  co n cen tra tio n  o f  5 
m M  and  50 m M . G ro w th  o f  fungi w as rap id ly  increased  5 tim es in 50 m M  g lucose  as a 
g row th  su b stra te  th an  in the  p resen ce  o f  5 m M  g lu co se  (F ig u re  5 .2 .3A ). T he 
b io d eg rad a tio n  o f  B aP  w as expec ted  to  be enhanced . C onverse ly , th e  resu lts  show ed  tha t 
th e  h ig h er co n cen tra tio n  o f  g lucose , th e  low er b io d eg rad a tio n  fo r th is  fungal strain  
(F ig u re  5 .2 .3B ). T h e  carb o n  ca tab o lite  rep ression  in th is  o rgan ism  m ay  be  responsib le  for 
the  p h en o m en o n  in w h ich  the  ac tiv a tio n  o f  the  ca tabo lism  o f  less-p referred  carbon  
sou rced  w as rep ressed  i f  a  m ore  fav o rab le  g row th  substra te  w as av a ilab le  (Ilyes e t al.,
2004).
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G row th  o f  A sperg illu s n iger  N 003 and B aP d eg rad a tio n  w ere  a lso  exam ined  in 
th e  ab sen ce  o f  g lucose . W hile  th e re  w as no  increase  o f  cell g row th , it w as n o ticeab ly  th a t 
B aP  w as d eg rad ed  a t ap p ro x im ate ly  50 p g  B aP /m g  d ry  w e ig h t w ith in  15 days o f  
in vestiga tion  (F ig u re  5 .2 .3A , B ). T h e  com parison  in ou r resu lts  o f  th is  study, the  5 m M  
g lucose  as g row th  substra te  w as re la tiv e ly  su itab le  for th is  fungus by  g iv ing  h igher 
specific  b io d eg rad a tio n  o f  B aP (F ig u re  5.2 .3B ).

5 .2 .4  E ffec t o f  b io av a ilab ility  o f  B aP
A cco rd in g  to  p rev ious s tu d ies on B aP  b iod eg rad a tio n , there  a re  several lim iting  

facto rs in flu en c in g  th e  ra te  and  ex ten t o f  B aP  d eg radation , such as nu trien t, oxygen  
con ten t, and  etc. B esides the g ro w th  substra te  and  oxygen  availab ility , th e  substra te  
b io av a ilab ility  to  th e  fungus is a lso  one  o f  the  lim iting  facto rs. S ince B aP  has low  w ater 
so lu b ility  (0 .00 38  m g/L , at 25°C ) (M ack ay  et ah , 2000), add ition  o f  su rfactan ts as w ell as 
o rg an ic  so lv en ts  m ay  enhance  the  so lub ility  and  increase  b io av a ilab ility  o f  BaP to  the 
o rgan ism . H o w ever, th e re  have been  repo rts  th a t add ition  o f  su rfac tan ts  has inh ib ito ry  
and to x ic ity  e ffec ts  to  the  o rg an ism s (V o lkering  et ah , 1995) and resu lts  in a  sign ifican t
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F igure  5.2 .3  G row th  (A ) and  b io d eg rad a tio n  ability  (B )  o f  A sperg illu s n iger  N 003  in the 
m ed ium  w ith  v ario u s co n cen tra tio n s  o f  g lucose: 0 m M  (0), 5 m M  ( • ) ,  and  50 m M  (■ ). 
T he fungal g row th  w as d e term ined  in the  absence  (— ) or in the p resence  (—) o f  100-ppm  
BaP. (M ean  o f  th ree  rep lica tio n s + /- S .D .)



decrease  in co n tam in an t d eg rada tion  due  to  ex ten siv e  m ice lla tio n  (G raves and  L eavitt, 
1991; S m ith  et al., 1997). O n th e  o th er hand , w orks on o rg an ic  so lv en t-en h an c in g  PA H  
b io d eg rad a tio n s have  been su ccessfu lly  reported  e ither in labo ra to ry  te s t o r in soil 
rem ed ia tio n  (J im en ez  and  B artha , 1996; K ilbane, 1997; Lee et al., 2001). In th is 
investiga tion , tw o  com m on  o rg an ic  so lven ts used  in so lu b iliza tio n  o f  h y d rophob ic  
co n tam in an ts , m eth an o l and  e thano l w ere  chosen  to  enhance  th e  so lub ility  o f  B aP  in the 
liqu id  m ed ium . M ethano l has been  sta ted  to  be one  o f  th e  e ffec tiv e  P A H -ex trac tin g  
agen ts (B erg k n u t et al., 2004; C hen  e t al., 2005), w h ereas e thano l has been  dem onstra ted  
to  no t o n ly  en h an ce  P A H  so lu b ility  (C hen  et al., 2005), b u t a lso  to  increase  the  
d eg rad a tio n  ra te  o f  an th racen e  in aqu eo u s m edium  (F ie ld  et a l., 1995). M ethano l and 
e thano l p ro v id ed  in th e  liqu id  m ed ium  at 5 m M  served  as a  B aP  so lu b ility -en h an ce r as 
w ell as a  ca rbon  so u rce  fo r fungal strain .

F rom  F igu re  5 .2 .4  A , it w as found  th a t th e  b iom ass o f  th e  A sperg illu s n iger  N 003, 
e ith e r so lu b ilized  by  e thano l or m ethano l, w as g rea ter in th e  p resen ce  o f  B aP  than  in the  
ab sence  o f  B aP . B aP  w as d eg raded  at th e  sam e ra te  in th e  p resen ce  o f  e ith e r e thano l or 
m ethano l in th a t 100 pg  B aP  w as reduced  p er m g dry  w e ig h t o f  fungi w ith in  30 days 
(F igure  5 .2 .4  B).

T h e  co m p ariso n  o f  cell g row th  in each  so lu b ility -en h an c in g  agen t w as 
investiga ted  in the  p resen ce  and  ab sen ce  o f  100-ppm  BaP. It w as found th a t grow th  o f  
A sp erg illu s n iger  N 003  grow n on e ith e r m ethano l o r e thano l w ere  sligh tly  low er than  tha t 
g row n in 5 m M  g lu co se  (F igure  5.2.1 A and  F igure 5 .2 .4A ). T h is ind icated  tha t e ither 
m ethano l o r e thano l w as non tox ic  to  th is  fungal strain . N orm ally , m o st m icro -o rgan ism  
in c lu d in g  fung i w ere  inh ib ited  by 1-15%  o f  e thano l (Ingram  and B uttke, 1984). H ow ever, 
w hen  the  b io d eg rad a tio n  o f  B aP  w as taken  into considera tion , it w as found tha t m ethanol 
and  e thano l, a lth o u g h  p rov ided  at low  concen tra tion  (5 m M , i.e. < 1% , v /v) show ed an 
ad v erse ly  e ffec t in th a t th e  b iod eg rad a tio n  w as low er than  th a t o f  on ly  50%  obtained  by 
u sing  g lu co se  su p p lem en ted  as carbon  source  at 30 days (F igure5 .2 .1B  and 
F igure5 .2 .4B ).

54



55

F igu re  5 .2 .4  G row th  (A ) and  b iod eg rad a tio n  ab ility  (B) o f  A sperg illu s n iger  N 003 in the 
m ed ium  su p p lem en ted  w ith  5 m M  m ethano l ( A )  or 5 m M  ethano l ( • ) .  T he fungal 
g row th  w as d e te rm in ed  in the  ab sen ce  (— ) o r in the  p resence (—) o f  100-ppm  BaP. 
(M ean  o f  th ree  rep lica tio n s + /- S .D .)



A d d itio n  o f  so lven t such as a lco h o ls  to  the  fungal cu ltu re  cou ld  y ield  e ither 
p o sitiv e  o r negative  e ffec t to  th e  fungal g row th  as w ell as its b iodeg radab ility . P rev ious 
reports  show ed  th a t add ition  o f  e thano l o r ace tone  cou ld  enh an ce  2 -6  tim es o f  PA H  
b iod eg rad a tio n  in soil (S chafran , 1999; L ee e t ah , 2001). H ow ever, the  add ition  o f  
e thano l w as repo rted  to  be harm fu l to  A sp erg illu s n idulans  o f  w h ich  g row th  w as fa iled  on 
e thano l. M oreover, ace ta ldeh yde, p ro d u ced  from  ethanol u tiliza tion  pathw ay , a lthough  
m igh t ac t as a  p h y sio lo g ica l inducer o f  the  enzym e resp o n sib le  for its x en o b io tics  
b io d eg rad ab ility  (F lipph i et al., 2002), its accum ula tion  in cells  m igh t have  an  adverse  
effec t to  th e  b io d eg rad a tio n  m echan ism  o f  th e  fungi as occurred  in o u r resu lt. T herefo re , 
the  in vestiga tion  o f  fac to rs invo lv ing  th e  b io deg radation  m echan ism  w ill be necessary .

5.3 Identification of benzo(a)pyrene metabolites and the proposed degradation 
pathways

T he sp en t liqu id  m ed ia  and fungal cell cu ltu re  w ere co llec ted  a t every  5 days 
du ring  the  in cuba tion  and  ex trac ted  w ith  d ich lo rom ethane  to  reco v er th e  rem ain ing  B aP 
and its m etab o lites . T he  ana lysis  o f  B aP  and  B aP m etabo lites w ere  perfo rm ed  by  L C -M S 
as d escrib ed  in 3 .4 .3 . T he  L C -M S  resu lts  show ed th a t a fter 30 days o f  incubation , there  
w ere  p eak s  o f  in terest in bo th  ex tra -ce llu la r fraction  and  in trace llu lar fraction . T he m ass 
ana lysis  o p era ted  in th e  p o sitiv e  ion m ode using  0 .1%  form ic acid  scanned  from  m /z  50- 
320 o f  th e  ex tra -ce llu la r fraction  show ed  a  m ain  m o lecu lar ion a t M H +  285, suggesting  
th e  fo rm ation  o f  tran s-d ih y d ro x y - d ihyd rod io l o f  B aP (m /z=  284) (F igu re  5 .3.1). W hile  a 
m ain  m o lecu la r ion at M H +  287 w as ob serv ed  in the in trace llu lar frac tion  (F igu re  5 .3 .2).

T h is  co u ld  be exp la ined  th a t there  w ere  in term ediates occurred  d u rin g  the 
b io d eg rad a tio n  p rocess from  the  ex tra -ce llu la r fractions and  the  in trace llu lar fractions, 
there  w as no  d e tec tab le  m etabo lite  w as detected  from  liquid  m edia. T his p robab ly  
ind icated  th a t no su ffic ien t level o f  w a te r so lub le  com pound  w as re leased  during  the  BaP 
m etab o liza tio n  (V iegnei e t al., 2002).
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F igure  5.3.1 M ass spectrum  o f  th e  B aP  in te rm ed ia te  ob ta in ed  a t th e  end  o f  incubation  
p erio d  (3 0 d ay s) from  th e  ex tra -ce llu la r frac tion  o f  A sperg illu s n iger  N 003  g row n  in 100 
ppm  B aP. A  m o lecu la r ion  at M H +  285 ind ica ted  in c irc le  rep resen ts  d ihyd roxy- 
d ih y d ro d io l o f  B aP .

F igure  5 .3 .2  M ass spectrum  o f  the  B aP  in term ed ia te  ob ta ined  at th e  end o f  incubation  
period  (3 0 d ay s) from  th e  in trace llu la r fraction  o f  the  A sperg illu s n iger  N 003 grow n in 
100 ppm  BaP.



T h e  m ain  ions o f  B aP  m etab o lites  analyzed  by  e lec tro -sp ray  m ass sp ec tro m ete r 
w ere  co n c lu siv e ly  sum m arized  in T ab le  5.1

T ab le  5.1 L ist o f  th e  p o ss ib le  B aP  m etab o lites  from  A sperg illu s n iger  N 003  ana lyzed  by 
th e  e lec tro -sp ray  m ass spectrom eter. T he base  peak  o f  each  fraction  w as show n and  the 
suggested  p o ss ib le  co m p o u n d s w ere  illustra ted .
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F ungal iso la tes
L oca tion  o f
ex trac tab le
fraction

M ain  ions 
(M H + )

S uggested  th e  p o ss ib le  B aP  
m etabo lite

(s te reo ch em istry  no t im plied)

A sp erg illu s n iger  
N 003

ex tra -ce llu la r 285 7 ,9 -d ihyd ro xy  7 ,9 d ih y d ro d io l BaP 
(m /z= 284)

in trace llu lar 287 d ihydroxy- d ihyd rod io l B aP 
deriva tives (m /z= 286)

5.4 Analysis of the metabolites from mass spectrum obtained from A spergillus niger 
N003

T h e  m ass spectrum  o f  th e  ex tra -ce llu la r fraction  o f  B aP d eg rada tion  by 
A sp erg illu s n iger  N 003  (F igu re  5.3.1 and  T ab le  5.1) revealed  th e  m ain  peak  at M H +  285 
w h ich  co rresp o n d s to  m o lecu la r m ass o f  m /z=  284. A cco rd ing  to  th e  B aP  deg radation  
p a th w ay  p ro p o sed  by  A sperg illu s och areceu s  (D a tta& S am an ta , 1988), th is  in term ediate  
cou ld  be  7 ,9 -d ih y d ro x y  7 ,9 d ih y d ro d io l B aP  o r 8 ,10 -d ihyd roxy  8 ,10 d ih y d ro d io l BaP.

O n th e  con trary , fo r th e  in trace llu la r fraction  (F igure  5 .3 .2  and T ab le  5 .1), the 
p o sitiv e  m ass spectrum  o f  M H +  287  co rrespond  to  7 ,8 -d ihyd ro xy  7,8 d ih y d ro d io l B aP  or
9 ,1 0 -d ih y d ro x y  9 ,10 d ihyd rod io l B aP , or tran s 4 ,5 -d ih y d ro x y  4,5 d ih y d ro d io l B aP hav ing  
a m o lecu la r m ass o f  m /z  286 (F ig u re  5 .4.1).



T he d e tec tio n  o f  po ssib le  B aP b iodeg radation  m etabo lites  from  both  e x tra 
ce llu la r and in trace llu la r fraction  suggests that A sp erg illu s n iger  N 003 has tw o  
d eg rad a tio n  p a th w ay s for BaP. T he d e tec tion  o f  d ih y d ro x y  d ihyd rod io l B aP  as th e  BaP 
m etabo lite  in B aP  d eg rada tion  by A sperg illu s n iger  N 003 is s im ila r to  those  p rev iously  
reported  by  C unningham ella e legan s  (C ern ig lia& G ib so n , 1980), and  A sperg illu s  
och areceu s  in w h ich  7 ,8 -d ihyd ro xy  7,8 d ihyd rod io l B aP w ere  reported  (D atta& S am an ta , 
1988).
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In ad d itio n , there  w as an in te resting  m ass peak  at M H +  2 29  w h ich  p robab ly  
suggested  the  fo rm ation  o f  ch rysene  (m /z  228), one o f  the  sm alle r four fused ring  PA H s. 
T he fo rm ation  o f  ch rysene  from  B aP w as p roposed  to  transfo rm  v ia  the  c is  4 ,5 -d ihyd ro xy
4,5 d ihyd rod io l B aP  to  4,5 ch rysene  d ica rb o x y lic  acid  (S ch n e id er e t ah , 1996) and finally  
be ox id ized  to  ch rysene. T he ev id en t o f  ch rysene  fo rm ation  from  th e  B aP  degradation  
w as reported  by  th e  ring  c leavage  p ro d u c t v ia  cis 4 ,5 -d ih y d ro x y  4,5 d ihyd rod io l B aP and 
d ica rb o x y lic  acid  ch ry sen e  by M ycobacterium  sp. strain  R JG II-135  grow n on a m ix tu res 
o f  yeast ex trac t, p ep to n e  and  so lub le  starch  (S chneider et ah , 1996). H ow ever, ch rysene  
fo rm ation  from  B aP  deg radation  by fungi has never been reported .

A lthough  th is  ring  c leav ag e  pa thw ay  is norm ally  found  in b ac teria  ox idation  
(S ch n e id er et ah , 1996), and acco rd in g  to  ou r results, it is p ossib le  tha t th is  pathw ay 
m igh t ex is t in A sperg illu s n iger  N 003 (F igure  5 .4.2).

M oreover, th e re  w as a s im ila r report by A sperg illu s och raceu s  (D atta& S am anta , 
1988). T h ese  m etab o lites  found in its B aP degradation  w ere  7,8 d ihydroxy  7,8 
d ihyd rod io l B aP  o r 9 ,10  d ih y d ro x y  9 ,10 d ihyd rod io l B aP d eriv a tiv e  and  1,6 BaP quinone, 
and 3,6 BaP q u inone  p ro d u c ts  (D atta& S am an ta , 1988).
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7,9 dihydroxy-clTychodiol BaP 
[ฟ !-284]

4,5 dihydroxy-dihydrodià BaP 
โmfz=2S61

Extra-cellular pathway Intracellular pathway

F igu re  5.4.1 T he p ro p o sed  B aP  o x id a tiv e  p a thw ays o f  the  ex tra -ce llu la r and  in trace llu lar 
o f  A sp erg illu s  n iger  N 003 . C om p o u n d  in b racket w as no t d e tec ted . (A bso lu te ly  
s te reo ch em istry  w as no t im plied)
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Benzo(a)pyrene

cis 4,5 dihydraxy-dih jrdrodio l 

[m/z 286]

[4,5 cluyseité-dicaiboxylic acid]

Chrysene [ฟ z 228]

F igure  5 .4 .2  T h e  o x id a tio n  o f  BaP to  ch rysene  v ia  cis 4, 5 -d ihyd roxy  4,5 d ihyd rod io l BaP 
and d ica rb o x y lic  acid  ch rysene  genera lly  found in bacteria  M ycobacterium  sp. R JG II- 
135. C om p o u n d  in b rack e t w as no t detected .



5.5 Conclusion
T he fungal iso la te , A sp erg illu s n iger  N 003  w as ab le  to  d eg rad e  100 ppm  

ben zo (a)p y ren e  w ith  an  ap p ro x im ate ly  80%  d eg radation  e ffic iency . T he h igher aera tion  
rate  p ro m o ted  th e  fungal b io m ass as w ell as th e  b iodeg radation . T he h ig h er concen tra tion  
o f  g lucose  increased  fungal b io m ass b u t d ep ressed  th e  B aP  d eg radation .

T h e  h ig h e r co n cen tra tio n  o f  B aP  than  100-ppm  w as found  to  be to x ic  to  the  
fungus in w h ich  its g row th  w as su p p ressed  and  reduced  it b io d eg rad ab ility  to  B aP . T he 
a ttem p t to  in c rease  th e  B aP  b io av a ilab ility  u sing  so lven t, i.e. e th an o l and  m ethano l, did 
n o t p ro m o te  th e  b io d eg rad a tio n  ab ility  o f  th e  fungus. T he b io tran sfo rm atio n  p ro d u c ts  
w ere  d e tec ted  and  sug g ested  to  be  d ih y d ro x y -d ih y d ro d io l-B aP  and  a lso  p ro b ab ly  be 
ch rysene , one  o f  th e  sm a lle r fo u r-fu sed  rings o f  PA H s.
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