
CHAPTER 7
BENZO(A)PYRENE BIODEGRADATION BY 

F U SA R IU M  O XYSPO R U M  E033

N o t on ly  A s p e r g i l l u s  stra in s cap ab le  o f  B aP  d eg rad a tio n  w ere  iso la ted  in th is 
study , F u s a r i u t n  o x y s p o r u m  E033 w as a lso  iso lated  and  d e te rm in ed  fo r it ab ility  to 
d eg rade  B aP  as d escrib ed  and d iscussed  in th is  chapter.

7.1 Biodegradation kinetic Study
T he B aP  d eg rada tion  k in e tic  o f  F u s a r i u m  o x y s p o r u m  E 033 w as stud ied  in liquid 

m edia. T h e  p h o to  -  ox ida tion , th e  ad so rp tion  by m y ce lia  and b iod eg rad a tio n  by  th is 
fungus w ere  m easu red  and recorded  every  5 days th ro u g h o u t 30 days o f  incubation . T he 
resu lt w as show n in F igure  7.1.

T he to ta l loss o f  B aP  from  p h y sica l adso rp tion  and  p h o to -o x id a tio n  w ere  
d e term ined  as th e  con tro ls  and  found  to  be in the  m in im um  range  o f  ap p ro x im ate ly  3%  
and  20%  w ith in  30 days o f  incubation . T h e  to ta l degradation  a fte r 30 day -in cu b a tio n  o f  
F u s a r i u m  o x y s p o r u m  E 033 w as ap p ro x im ate ly  65%  (F igure  7 .1). T h e  b iom ass o f  th is 
p ro m isin g  fungus cou ld  be seen in F igure  4 .2  c.

T he sig n ifican t B aP  b iod eg rad a tio n  by th is  fungal stra in  cou ld  be detected  w ith in  
the  first five d ay s  o f  incubation  at 32°c in liquid  m edium  su p p lem en ted  w ith  5-m M  
g lucose  as a  carb o n  source . T he d eg rad a tio n  rates o f  F u s a r i u m  o x y s p o r u m  E 033 w as 
found to  be 27 .0  p m ole  B aP /day  (ca lcu la ted  from  the  first five days o f  incubation).
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F igure  7.1 B io d eg rad a tio n  o f  100-ppm  B aP  o f  th e  fungal iso la te  in liqu id  m edium . L oss 
o f  B aP  from  au to -d eg rad a tio n  (A); L oss o f  B aP  from  ad so rp tion  (อ ); and  B iodegradation  
(x). (M ean  o f  th ree  rep lica tio n s + /- S .D .)

F u rth e r s tu d ies w ere  cond u c ted  to  de term ine  th e  fac to rs a ffec ting  th e  BaP 
d eg rad a tio n  and  to  in v estig a te  th e  d eg rad a tio n  m echan ism  o f  th ese  iso lates.

7.2 Factors affecting BaP degradation
7.2.1 E ffec t o f  aera tion
T h e  ae ra tio n  ra te  a ffec ted  g row th  o f  fungi and  its b iod eg rad a tio n  ab ility  o f  BaP 

w ere  p erfo rm ed  at th e  shak ing  speed  60, 120 and 180 rpm . T h e  resu lt w as p resen ted  in 
F igure  7.2.1.
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F igure  7.2.1 G ro w th  and  b io deg radation  o f  F u s a r i u m  o x y s p o r u m  E 033 in g lu co se- 
co n ta in in g  m ed iu m , in the  absence  o f  B aP  (— ) o r in the  p resence  o f  100-ppm  B aP  (—). 
(A ) G row th  o f  th e  fungi w as w ith  rec ip rocal shak ing  at 60 rpm  (■ ), 120 rpm  ( A ) ,  and 
180 rpm  ( • ) .  (B) B iodeg radation  o f  B aP  w hen  cells w ere  grow n w ith  d ifferen t recip rocal 
shak ing  at 60  rpm  (■ ), 120 rpm  ( À ) ,  and 180 rpm  ( • ) .  T he  b iodeg radation  o f  B aP w as 
exp ressed  as sp ec ific  deg radation  per cell d ry  w eight. (M ean  o f  th ree  rep lica tions + /- 
S.D.)



For the  Fusarium  oxysporum  E 033 , aera tion  w as o b v io u sly  affec ted  cell grow th  
in th a t the  h ig h er the  shak ing  stroke it w as, the  h igher th e  g row th  w as ob ta ined  (F igure
7.2.1 A ; w ith o u t B aP  supp lem en ta tion ). F low ever, it w as found  that, regard less  to  shak ing  
stroke, g row th  o f  Fusarium  oxysporum  E 033 w as sign ifican tly  supp ressed  in th e  presence 
o f  100-ppm  B aP; n onethe less , th e  b io d eg rad a tio n  o f  B aP  w as c lea rly  observed .

T h is p h en o m en a  w as p rev iously  no ted  by P ineda-F lo res and  M esta-H ow ard  
(2001) th a t d eg rad a tio n  o f  P A H s o f  fou r o r  m ore rings g en era lly  d id  no t yield  a 
rem ark ab le  increase  to  the  b iom ass o f  the  em ployed  co n so rtia  su ggesting  tha t these  
co m p o u n d s w as no t p re fe ren tia lly  used  as a carbon  source, bu t m ostly  as an energy  
sou rce  for m icroo rgan ism . T h is ob ta ined  resu lts  w ere  a lso  confirm  from  Y uan and 
V anB riesen  w h o se  im plied  the  m icrob ia l b iodeg radation  th a t th e  d iversion  o f  energy  and 
e lec tron  aw ay , th e  overall cell y ie ld  w ere  decreased  (Y uan  &  V anB riesen , 2002).

S ince the  fungal g row th  o f  each  shak ing  cond ition  tested  w as d ifferen t, the 
co m p ariso n  o f  b io d eg rad a tio n  o f  B aP  w as described  as th e  sp ec ific  d eg rada tion  in w hich  
th e  am oun t o f  B aP  d eg rad ed  w as ca lcu la ted  p e r w eig h t (m g) o f  d ry  fungal m ass. T he 
resu lt sho w ed  th a t th e  faster th e  shak ing  stroke, the  m ore  th e  aeration  fo r th e  fungal 
g row th  and th e  m ore th e  b iodeg radation  o f  B aP  (F igure  7.2.1 B). T h is  resu lt ag rees w ith 
the  p rev io u s repo rts  th a t th e  shak ing  cond ition  for PA H  d eg rada tion  no t on ly  increases 
the  oxygen  ava ilab ility , bu t it a lso  increases P A H  so lub ility  into aqu eo u s phase  fo r the 
o rgan ism  u p tak e  (Johnsen  e t al., 2005).

7 .2 .2  E ffec t o f  initial B aP  concen tra tion
T he fu rth er investiga tion  o f  b iodeg radation  o f  B aP  by  th is  fungi w as carried  out 

w ith  the  o p tim u m  shak ing  stoke (180  rpm ). T he ab ility  o f  the  p ro m isin g  fungi to  su rv ive  
and d eg rad e  B aP  at va rio u s co n cen tra tio n s (100, 200, and 300 ppm ) w as investigated . 
T he resu lts  w ere  show ed  in F igure 7 .2 .2  as show n below .

81



T he F u s a r i u m  o x y s p o r u m  E 033 w as ab le to  d eg rade  B aP at various 
co n cen tra tio n s (100 , 200, and 300 ppm ). T he  g row th  lim ita tion  w ith  s low er g row th  rate  at 
h igher B aP  co n cen tra tio n  w as revealed  w hen  com pared  to  th a t in 100-ppm  B aP  (F igure
7.2 .2  A ). T h e  d eg rad a tio n  rate  o f  B aP  w ith in  the first five d ay s  o f  incubation  w as 
decreased  from  34 pg  B aP /day  (w ith  100 ppm  B aP ) to  8 ng  B aP /day  (a t 200  ppm  and  300 
ppm  B aP ) per m g  th e  fungal d ry  w eigh t. T he  b iodeg radation  w as supp ressed  w hen  the 
co n cen tra tio n  o f  B aP  w as increased  (F igu re  7 .2 .2  B).

T h is resu lt show ed  tha t F u s a r i u m  o x y s p o r u m  E033 cou ld  to le ra te  and su rv ive at 
h ig h er co n cen tra tio n  o f  B aP  (200  ppm  and 300 ppm ), bu t the  g row th  w as sign ifican tly  
lim ited  w ith  s lo w er g row th  rate w hen  com pared  to  tha t in 100-ppm  B aP  (F igu re  7.2 .2  A). 
T hese  lim ited  g row ths a t h igher co n cen tra tio n s  o f  B aP could  resu lt from  h igher tox ic ity  
and low er w a te r so lu b ility , thus the  B aP  up take  w as lim ited. C onsequen tly , the  slow er 
initial spec ific  B aP d eg radation  rate  a t h ig h er concen tra tion  w as detected .

In 100-ppm  B aP , th e  d eg rad a tio n  rate  o f  B aP w as rap id  w ith in  the  first five days 
o f  incubation  in w hich  34  pg  B aP w as d eg raded  per day  per m g th e  fungal d ry  w eight, 
and then  th e  d eg rad a tio n  w as con tinued  w ith  a  slow er rate  (F ig u re  7.2 .2  B). T he to tal 
b io deg radation  o f  B aP  by  F u s a r i u m  o x y s p o r u m  E033 after 30 days o f  incubation  w as 
ap p ro x im ate ly  65%  o f  the  initial am o u n t o r abou t 39%  degradation  p er un it b iom ass w as 
ob ta ined . T he  g row th  and  substra te  d ep le tion  k inetic  o f  th is  fungal stra ins illustrated  in 
th is  s tudy  w as s im ila r to  the  c lassical pa tte rn  o f  B aP deg radation  in tha t the  degradation  
o ccu rred  rap id ly  on ly  at the  early  stag e  p rev iously  reported  by  F u s a r i u m  s o l a n i  (V eignie  
et al., 2004). H ow ever, F u s a r i u m  o x y s p o r u m  E 033 dem onstra ted  the  greater 
b iod eg rad a tio n  e ffic ien cy  than th a t o f  F u s a r i u m  s o l a n i  o f  w hich 6 .8%  B aP  w as degraded  
w ith in  15 days o f  incubation  (V eign ie  et al., 2004). M oreover, the  degradation  rate by 
F u s a r i u m  o x y s p o r u m  E 033 in th is  study  w as g reater d eg rada tion  rate  than tha t o f  
F u s a r i u m  s o l a n i  p rev iously  reported  to  have on ly  17% BaP deg radation  per unit b iom ass 
afte r 30 days o f  incubation  (V érin  et a l., 2004b).
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F igure  7 .2 .2  G row th  (A ) and  b iod eg rad a tio n  ab ility  (B) o f  F usarium  oxysporum  E 033 in 
g lu co se-co n ta in in g  m edium  at va rio u s co n cen tra tio n s o f  B aP: 100-ppm  ( • ) ,  200 -ppm  (■ ), 
and 300 -ppm  ( A ) .  T h e  b iodeg radation  o f  B aP w as expressed  as specific  d eg rad a tio n  per 
cell d ry  w eigh t. L oss o f  BaP by physical adso rp tion  (+ ) and pho to -o x id a tio n  (*) w ere 
show n. (M ean  o f  th ree  rep lica tions + /- S .D .)
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7.2.3 E ffec t o f  g lucose  concen tra tion
To d e te rm in e  the  effec t o f  g lucose  concen tra tion  on fungal g row th  and  B aP 

d eg rad a tio n , the  cu ltu res o f  fungi w as grow n on m in im al m ed ia  w ith  0 m M , 5 m M , and 
50 m M  g lucose  in the  p resence  or ab sen ce  o f  BaP. T he resu lts  w ere  show n in F igure
7.2.3

T he p ro cess o f  co -ox ida tion  has been p roposed  to  be a  p o ten tia lly  im portan t 
m echan ism  for th e  d issip a tio n  o f  reca lc itran t P A H s from  soil (P erry , 1979). A lso, 
B eng tsson  and  Z erhoun i sta ted  tha t the  co m p lem en ta ry  substra te  w as needed  to  p rom ote  
d eg rad a tio n  o f  P A H s in th e  soil (B eng tsson  &  Z erhoun i, 2003).

In th is  study , the  co n sid erab le  e ffo rt to  induce the  b iodeg radation  o f  B aP  by co ­
m etab o lism  u sin g  g lucose  as a  g row th  substra te  w as p erfo rm ed  w ith  concen tra tion  o f  5 
m M  and  50 m M . G row th  o f  fungi w as rap id ly  increased  5 tim es in 50 m M  g lucose as a 
g row th  substra te  than  in the p resence  o f  5 m M  g lucose  (F ig u re  7 .2 .3A ). T he 
b io d eg rad a tio n  o f  B aP  w as expected  to  be enhanced . C onverse ly  th e  resu lts  show ed that 
the  h ig h e r concen tra tion  o f  g lucose , the  low er b iodeg radation  and for Fusarium  
oxysporum  E 033 , th e  b iodeg radation  w as a lm o st com ple te ly  rep ressed  (F igure  7 .2.3B ). 
T he carbon  ca tab o lism  rep ressio n  m ay  be responsib le  for the  phen o m en o n  in w hich  the 
ac tiv a tio n  o f  th e  ca tabo lism  o f  less-p referred  carbon  sourced  w as repressed  i f  a m ore 
favo rab le  g row th  substra te  w as availab le  (Ilyes et al., 2004).
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F igure 7.2.3 G row th  (A ) and  b iodeg radation  ab ility  (B) o f  F usarium  oxysporum  E 033 in 
the  m edium  w ith  various co n cen tra tio n s o f  g lucose: 0 m M  (0), 5 mM (•)5 and 50 m M  
(■ ). T he fungal g row th  w as de term ined  in the  absence  (— ) or in the  p resence  (—) o f  100- 
ppm  B aP. (M ean  o f  th ree  rep lica tions + /- S .D .)



G row th  o f  th e  fungal stra in  and  B aP degradation  w ere  a lso  exam ined  in the 
ab sence  o f  g lucose . W hile  there  w as no  increase  o f  cell g row th , it w as n o ticeab ly  tha 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 dry  w e ig h t w ith in  15 days o f  
investiga tion  (F ig u re  7.2 .3  A )

S im ilar to  g row th  o f  th e  tw o  A sperg illu s  sp., in absence  o f  B aP , g row th  o f  
F usarium  oxysporum  E 033  w ith  50 m M  g lucose  w as rap id ly  increased  as  the  fungal dry  
w eigh t w as increased  5 tim es w ith in  th e  first five days o f  g row th  com pared  to  tha t in the 
p resen ce  o f  5 m M  g lucose  (F igu re  7.2.3 A ). T he  p resen ce  o f  100-ppm  B aP obv iously  
inh ib ited  g row th  o f  Fusarium  oxysporum  E033 in the  m edium  supp lem en ted  w ith  5 m M  
g lucose. C o n tra rily , th e  g row th  inh ib ition  w as insign ifican tly  o bserved  w hen  h igher 
co n cen tra tio n  o f  g lu co se  (50  m M ) w as p rov ided . B aP  b io deg radation  o f  Fusarium  
oxysporum  E 033  a t 50 m M  g lucose w as a lm ost com ple te ly  rep ressed  (F igu re  7.2.3 B)

7.2 .4  E ffec t o f  b io av a ilab ility  o f  B aP
T h e  su b stra te  b io av a ilab ility  to  the  fungus is a lso  one  o f  the  lim iting  factors. S ince 

the  o rg an ic  so lv en t-en h an c in g  PA H  b iodeg rada tions have  been  successfu lly  reported  
e ith e r in lab o ra to ry  te s t o r in soil rem ed ia tion  (Jim enez  and B artha , 1996; K ilbane, 1997; 
L ee et a l., 2001). In th is  investiga tion , tw o  com m on o rgan ic  so lven ts used in 
so lu b iliza tio n  o f  h y d rophob ic  con tam in an ts , m ethanol and e thanol w ere  chosen  to 
enh an ce  th e  so lu b ility  o f  B aP  in the  liqu id  m edium . M ethano l has been stated  to  be one 
o f  the  e ffec tiv e  P A H -ex trac tin g  agen ts (B erg k n u t e t a l., 2004; C hen  et al., 2005), w hereas 
e thano l has been  d em o n stra ted  to  no t on ly  enhance  PA H  so lub ility  (C hen  et al., 2005), 
bu t a lso  to  increase  the  deg radation  rate  o f  an th racene  in aqueous m edium  (F ield e t al., 
1995). M ethano l and e thano l p rov ided  in the  liquid m edium  at 5 m M  served as a  BaP 
so lu b ility -en h an ce r as w ell as a carbon  source  for fungal strain .

T he  e thano l and M ethanol at 5 m M  w ere  used in o rder to  enhance the 
b io av a ilab ility  o f  B aP for fungi in liquid  m edia. T he resu lts  obtained from  the 
ex p erim en ts  w as exp ressed  in F igure 7.2.4
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F igure  7 .2 .4  G row th  (A ) and b io deg radation  ab ility  (B ) o f  F usarm m  oxysporum  E 033 i 
the m edium  supp lem en ted  w ith  5 m M  m ethano l ( À )  o r 5 m M  ethano l ( • ) .  T he fungal 
g row th  w as de te rm in ed  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 .)



The determination of growth of Fusarium oxysporum E033 grown in either 
methanol or ethanol was remarkable increased in presence of BaP. In addition, the 
biomass in ethanol supplemented with BaP was slightly greater than growth in methanol 
(Figure 7.2.4 A). Also, the specific degradation in media supplemented with ethanol was 
significantly higher than in methanol supplemented media (Figure 7.2.4 B).

For Fusarium oxysporum E033, cell growth was significantly decreased in the 
presence of 100-ppm BaP in glucose-containing medium, cell growth was markedly 
increased in the medium supplemented with either methanol or ethanol indicating that 
more BaP was solubilized into the aqueous phase and became more available for cell 
growth (Figure 7.2.4 A). Normally, most micro-organism including fungi were inhibited 
by 1-15% of ethanol (Ingram and Buttke, 1984). However, when the biodegradation of 
BaP was taken into consideration, it was found that methanol and ethanol, although 
provided at low concentration (5 mM, i.e. <1%, v/v) showed an adversely effect in that 
the biodegradation was almost completely inhibited (Figure 7.2.4 B).

Ethanol was shown to be a better solubility enhancing agent than methanol to 
support the fungal growth and increase biodegradation (Figure 7.2.4 A,B).

Since the concentration of methanol or ethanol used in this study was low and it 
did not harmful to cells, the alcohol toxicity to organism would not be the reason for the 
inhibition of BaP biodegradation.

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

The analysis of BaP and BaP metabolites were performed by LC-MS as described 
in 3.4.3. The LC-MS results showed that after 30 days of incubation, there were peaks of 
interest in both extra-cellular fraction and intracellular fraction. The extra-cellular 
fraction showed a main molecular ion at MH+ 283, suggesting the formation of BaP
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quinone (m/z= 282) (Figure 7.3.1). While a main molecular ion at MH+ 285 and MH+ 
301 were observed in the intracellular fraction (Figure 7.3.2).
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Figure 7.3.1 Mass spectrum of the metabolite intermediate obtained from the extra­
cellular fraction of the Fusarium oxysporum E033

Figure 7.3.2 Mass spectrum of the metabolite intermediate obtained from the intracellular
fraction of the Fusarium oxysporum E033



This indicated that the intermediates occurred during the biodegradation 
process from the extra-cellular fractions and the intracellular fractions. The main ions of 
BaP metabolites analyzed by electro-spray mass spectrometer were conclusively 
summarized in Table 7.1
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Table 7.1 List of the possible BaP metabolites from Fusarium  oxysporum  E033 analyzed 
by the electro-spray mass spectrometer. The base peak of each fraction was shown and 
the suggested possible compounds were illustrated.
Fungal isolates Location of

extractable
fraction

Main ions 
(MH+)

Suggested the possible BaP 
metabolite

(stereochemistry not implied)
F usarium  oxysporum extra-cellular 283 BaP 1,6 quinone
E033 (m/z=282)

intracellular 285 7,9-dihydroxy 7,9 dihydrodiol BaP
(m/z=284)

301 BaP diol epoxide (m/z=300)

7.4 Analysis of the metabolites from mass spectrum obtained from Fusarium  
oxysporum  E033

For the extra-cellular fraction, a mass spectrum at MH+ 283 was revealed which 
corresponds to the molecular mass of 282 suggesting the formation of BaP quinone.

On the other hand, the products formed from intracellular fraction of Fusarium  
oxysporum  E033 gave a positive molecular ion at MH+ 285 and MH+ 301. Mass spectral 
analysis indicated that 2 major compounds from the biodegradation of Fusarium  
oxysporum  E033 were corresponding to 7,9-dihydroxy 7,9 dihydrodiol BaP or 8,10- 
dihydroxy 8,10 dihydrodiol BaP having its molecular mass 284, while the other important 
compound at MH+ 301 was considered to be the BaP dihydrodiol epoxide (BPDE) (m/z 
300).



Although 2 major compounds from the BaP biodegradation of Fusarium  
oxysporum  E033 in this study were described, this result was shown to be different from 
previous study of Fusarium  so lan i. During the biodegradation of Fusarium  so lan i, only 
BaP quinone product type, i.e. either 1,6 BaP quinine or 3,6 BaP quinone was detected 
from the extracted cell mycelium at the end of the incubation (256 hrs.) (Viegnei et al.,
2002). BaP quinone (1,6- or 3,6-, or 6,12- BaP quinone) was also reported to be a 
degradation metabolite by many fungus, such as by P h an eroch aete  chrysosporium  
(Haemmerili et al., 1986); S troph oria  coron illa  (Steffen et al., 2003); P ycnoporus  
cin nabarinu s  (Rama et al., 1998); T ram etes vesico lo r  (Majcherczyk et al., 1998).

These results phenomenon suggested that the Fusarium  oxysporum  E033 has 2 
BaP degradation pathways. For the extra-cellular degradation, the intermediate was 
shown to be BaP quinone which previously described as the dead end product. For the 
intracellular pathway, BaP-dihydrodiols epoxides was detected as the dead end 
metabolite which also could be observed in the biodegradation byother higher organisms 
(Cemiglia&Gibson, 1979, 1980)

The formation of several metabolites obtained from the biodegradation of 
Fusarium  oxysporum  E033 was similar to the report of C unningham ella e legan s  which 
metabolized BaP to 7,8 dihydroxy 7,8 dihydrodiol BaP or 9,10dihydroxy 9,10 
dihydrodiol BaP derivative and also 1,6 BaP quinone and 3,6 BaP quinone products 
(Cerniglia&Gibson, 1980).

Moreover, a similar report by A sperg illu s ochraceus  (Datta & Samanta in 1988) 
was stated that the metabolites found in its BaP degradation were 7,8 dihydroxy 7,8 
dihydrodiol BaP or 9,10dihydroxy 9,10 dihydrodiol BaP derivative and 1,6 BaP quinone ,
3,6 BaP quinone (Datta&Samanta, 1988).

The results demonstrated that a Fusarium  oxysporum  E033 has the ability to 
oxidize BaP by two different pathways as illustrated in Figure 7.4.
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Benzo(«.)pyrene quinone

[m/z=282]

BaP-dihydroxy-cihydiodiol 
[พ z=284]

F.rtrs-rft Inlflr pathw ay t

Intracellular pathway

Figure 7.4 BaP oxidative pathways of the extra-cellular and the intracellular of Fusarium 
oxysporum E033 via BaP quinone and via the dihydrodiol BaP and BaP dihydroxy- 
epoxide. A compound in bracket was not detected. (Absolutely stereochemistry was not 
implied)



7.5 Conclusion
A Fusarium oxysporum E033 had the ability to degrade BaP with a degradation 

efficiency up to 65% of the initial amount supplied and formed the two transformation 
products, a trans-dihydroxy-dihydrodiol BaP and BaP quinone at the end of incubation. A 
relatively higher aeration increased fungal biomass as well as the biodegradation. While 
the high glucose concentration (50mM) increased fungal biomass, it repressed the 
degradation of BaP. At higher concentration of BaP, the fungal growth, i.e. biomass, as 
well as its BaP biodegradation was suppressed. The increase of BaP bioavailability by the 
addition of solvent, such as ethanol or methanol was successfully increased the fungal 
biomass, but the BaP biodegradation ability of fungus was decreased.
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