
CHAPTER 3
RESEARCH METHODOLOGY

3.1 Methodology Outline
T h e  resea rch  h a s fo c u s e d  o n  sc r e e n in g , iso la t io n  an d  c h a ra c ter iza tio n  o f  fu n g i  

c a p a b le  to  d eg ra d e  b e n z o (a )p y r e n e . S in c e  b e n z o (a )p y r e n e  w a s  p ro d u c e d  from  
in c o m p le te  c o m b u s t io n  o f  th e  fo s s i l  fu e l , b u rn in g  sm o k e  an d /o r  th e  in c o m p le te  
c o m b u s t io n  o f  v e h ic le  ex h a u st . W e  h y p o th e s iz e  that th e  fu n g i iso la te d  fro m  v a r io u s  
parts o f  p la n t(s )  e x p o s e d  to  th e  tra ffic  s m o k e  w o u ld  h a v e  th e  p o te n tia l to  d egra d e  
b e n z o (a )  p y r e n e . T h ere fo re , le a v e s  an d  barks o f  P te ro c a rp u s  m a cro ca rp u s  K u rz  
p la n ts  lo c a te d  a lo n g  th e  P h ay ath a i road , o n e  o f  th e  m o s t  h e a v y  tra ffic  road s in  
B a n g k o k  w e r e  c o lle c te d . T h en , th e  is o la t io n  o f  fu n g i fro m  th e ir  le a v e s  an d  bark, and  
th e  s c r e e n in g  fo r  th e ir  p o te n tia l B a P  d eg ra d a tio n  w e r e  p er fo rm ed . T h e  se le c te d  fu n g i 
w e r e  id e n t if ie d  an d  d e term in ed  fo r  th e ir  b io d e g r a d a tio n  k in e t ic s . T h e  
b io tr a n sfo r m a tio n  c o n d it io n s  w e r e  stu d ied . F in a lly  th e  b io tra n sfo rm a tio n  
in te r m e d ia te s  w e r e  id e n tif ie d  an d  th e  b io tra n sfo rm a tio n  p a th w a y  o f  B a P  o f  th e  iso la te  
w a s  p r o p o se d . T h e  o v e r a ll e x p e r im e n ta l o u t lin e  w a s  su m m a r iz e d  in  th e  F ig u re  3 .1 .
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F u n g a l iso la t io n
S u rfa ce  s te r il iz in g  te c h n iq u e  
/  D ilu tio n  p la tin g  m eth o d

น
P rim ary sc r e e n in g  for  p o te n t B a P  d egra d er

C o m p a r in g  g r o w th  o n  m a lt ex tract  
agar w ith /w ith o u t  B a P  1 0 0  p p m .

Id e n tif ic a tio n  o f  fu n g i w h ic h  
c a p a b le  d eg r a d e  B a P

D e g ra d a tio n  k in e t ic  S tu d y  b y  g r o w in g  fu n g i 
in  liq u id  m e d ia  w ith  1 0 0  p p m  B a P  b y  
e x a m in a tio n  o f

M o r p h o lo g y  id e n tif ic a t io n  
T h e  a n a ly s is  o f  th e  in tern al 

▼  tran scr ib ed  sp a c e r  (IT S )

A u to -d e g r a d a tio n , 
M y c e liu m  a d so rp tio n  

t  B io d e g r a d a tio n

S p e c if ic  F u n g a l s p e c ie ( s ) In v e s t ig a tio n  o f  fac tors  
in v o lv e d  in  B aP  d eg ra d a tio n  b y  va r ied  

B aP  c o n c e n tr a tio n  
C a rb on  so u r c e s  
A er a tio n  rate

In v e s t ig a tio n  o f  b io tra n sfo rm a tio n  
and  in term ed ia tes  id e n tif ic a t io n  b y  H P L C , L C -M S

t
P ro p o se  m e ta b o lic  p a th w a y

F ig u re  3.1 S c h e m e  o f  th e  f lo w  chart e x p e r im e n ta l p ro ced u res



3.2 Chemicals and Materials
3.2.1 C hem icals
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C h em icals used in th is experim ent w ere gen era lly  supplied  from  local 
distributors in  Thailand.

3 .2 .1 .1  T ested  com pound
B en zo(a)p yren e standard (98%  purity) w as purchased from  Fluka

chem ical.
3 .2 .1 .2  S olven ts
For H PLC grade so lven ts, such  as acetonitrile, d ich lorom ethane w ere  

purchased from  M erck. W h ile  the analytical grade so lven ts as ethanol, m ethanol, and 
acetone w ere purchased from  Carlo Erba.

3 .2 .1 .3  M inim al m edia
The ch em ica ls used  to prepare m inim al m edia , such  as N H 4N O 3 w as  

purchased from  J.T. Baker, U S A . The com m on  ch em ica ls such  as N a 2 H P 0 4 .7 H 2 0 , 
N aH 2 P0 4 .2 H 2 0  w ere purchased from  B D H  England. KC1 w as obtained from  
U N IL A B , Australia. The m ineral salt m edia w ere prepared from  M g S 0 4 .7H 2 0 ,  
F e S 0 4 .7 H 2 O , M nC l2.4H 20, Z n S 0 4 7 H 2 O, C u S 0 4 .5H 20 ,  C 0 CI2 .6 H 2 O , and N a 2 M o 0 4 

2H 20  (obtained  from  U N IV A R  A ustralia) as described in  A P P E N D IX  C.
3 .2 .1 .4  M icrob io log ica l m edia
M alt extract, g lu cose , peptone, agar, streptom ycin  w ere purchased  

from  M erck ch em ical.
3 .2 .1 .5  C h em icals for m olecu lar analysis

T he m olecu lar ch em ica ls such  as polyvin lpropanol (P V P ), ascorbic  
A cid , and C T A B  w ere purchased from  Serva. E D T A  and Tris w ere obtained  from  
Scharlau. The fo llo w ed  ch em ica ls, such as, 2-m ercaptoethanol, isopropanol, N aC l, 
p olyeth y len e  g ly co l, isoam yl a lcoh o l/ chloroform  w ere purchased from  M erck  
ch em ical. A garose gel w as from  ISC B io  express. E thidium  brom ine, D N A  marker, 
and Taq polym erase w ere purchased from  Ferm entas. The ITF1F and ITF4 primers 
and dN T P w ere obtained from  B io basic.

3 .2 .2  Source o f  fungi
Fungi w ere iso lated  from  leaves and barks o f  P t e r o c a r p u s  m a c r o c a r p u s  Kurz 

located alon g  Phayathai road o f  Bangkok. L eaves and barks o f  P t e r o c a r p u s



m a c r o c a r p u s  Kurz. (F igure 3 .2 ) w ere  co llec ted  from  an adult tree that sh ow ed  no  
sign s o f  d isease , fragm ents w ere p laced  in  an ic eb o x  and p rocessed  w ith in  4  hours 
after the co llection .
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Figure 3 .2  L eaves and barks o f  P t e r o c a r p u s  m a c r o c a r p u s  Kurz.

3 .3  E x p e r im e n t a l  p r o c e d u r e s
3.3.1 Fungal iso lation

3 .3 .1 .1  Isolation  o f  fungi from  leaves
For ep iphytic  fungi, lea v es  w ere cut into circle-sh ap e p ieces  w ith  an 

approxim ate 5-m m  diam eter. P ieces o f  lea v es  w ere soaked  in  ster ile  d istilled  water 
and m ix ed  w ith  tw een  80  (the ratio o f  leaves: water: tw een  80  w a s l:  10:0.1 พ /พ ). 
T hen the series d ilu tion  o f  so lu tion  w as prepared from  10'3 to 10’5 , and then 0.1 m l o f  
each  d ilu tion  w ere spreaded on  the surface o f  a so lid ified  M alt Extract A gar (M E A )  
w ith  adding 0.5%  streptom ycin  in  a petri p lates. Each d ilu tion  w as prepared in  
triplicate. T he p lates w ere then incubated for 2 days at room  tem perature (3 5 -3 7 ° C), 
until the co lo n ies  appeared.

For endophytic fungi w ere u sed  m od ified  surface sterilization  
technique o f  Petrini, (1 9 9 1 )  w as perform ed. H ealth y m ature lea v es  w ere cut into  
circle shape p ieces  and d ipped su ccess iv e ly  several steps into 70%  ethanol for 1 m in  
fo llo w ed  b y  5% sod iu m  h yp och lorite  (3 -5  m in) and, again, in  70%  ethanol (1 m in) 
and fin a lly  rinsed tw ice  in  sterile d istilled  water. T he fragm ents w ere p laced  on  the 
M E A  solid  agar and incubated in  the dark at room  tem perature. A fter 7 days o f



incubation, the fungal m yce liu m  w h ich  cam e out from  the lea v e  fragm ents w as  
collected .
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3 .3 .1 .2  Isolation  o f  fungi from  barks
Barks w ere b len d ed  w ith  sterilized  w ater in  the sterilization  blender  

w ith  1:100 (พ /พ ). T he series d ilu tion  o f  10'3, 10‘4, and 10‘5 o f  the b lended  bark in  
sterile d istilled  w ater w ere prepared and spreaded on  M E A  agar as described  in
3 .3 .1 .1 .

T he fungi w h ich  obtained  from  th ose  iso la tion  steps w ere co llec ted  and 
sub-cultured onto n ew  m ed iu m  until obtained  pure cultures and w ere used  for the 
further experim ents.

3 .3 .2  Prim ary screen in g  for fungi degraded ben zo(a)pyren e  
Fungi iso la tes w ere grow n on  m alt extract agar w ith  and w ith out adding 100- 

ppm  BaP. M y celia l ex ten sion  grow th w as m easured as the co lo n y  diam eter (Faleiro  
et ah, 1996) at 14 days. T he potentia l B aP-degraders w ere se lected  d ep en ding  on  their 
greater grow th and grow th rate com pared to that o f  the control as sh ow n  b e lo w  
(F igure 3 .3). Then, the greater fungal co lo n y  grow th (w h ich  assum ed that they w ere  
able to degrade B aP ) w as se lected  for further รณdy.

Figure 3.3 C om parison  o f  fungal grow th  b y  m easuring co lo n y  d iam eter on  the m edia  
supplem ented  w ith  BaP (right) and in  the ab sen ce o f  B aP (left)
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3.3 .3  M olecu lar fungal identification
The iso lated  fungal strains w h ich  capable to grow  w e ll on  BaP supplem ented  

m edia w as identified  m orp h olog ica lly  and gen etica lly  u sin g  18s rD N A  sequence  
com parison  (W h ite et ah, 1990; Larena et ah, 1999). A ll experim ents w ere carried out 
in duplicate.

3 .3 .3 .1  M orphological analysis
3 . 3 . 3 . J . 1  M o r p h o l o g y  o b s e r v a t i o n  b y  s l i d e  c u l t u r e  

The m orp h ology o f  the three se lected  fungi w as exam ined  on  g lass slide  
after cultured for three days. The m yceliu m  and spore w ere stained w ith  the 
phenyla lan ine so lu tion  and observed  under light m icroscope.

3 . 3 . 3 . 1 . 2  U l t r a  s t r u c t u r e  o b s e r v a t i o n  u n d e r  S c a n n i n g  E l e c t r o n

M i c r o s c o p e  ( S E M )

Ultra structure o f  fungi w ere exam ined  under scanning electron  
m icroscop e m od el G en esis 4 0 0 0  X M S  60  running under the E SE M  m od e o f  analysis  
equipped w ith  the G aseous Secondary Electron (G SE ) detector.

The photographed w ith  scanning electron  m icroscop e for the 
fungal m orp h ology  o f  the p rom ising fungi w as under the m agn ification  o f  500X , 
8 0 0X , or 1200X  or h igher m agn ification  in  necessary depending on  the sp ecim en s.

3 .3 .3 .2  M olecular technique for fungal identification
For the gen etica lly  an alysis, the procedure w ere com prised  o f  D N A  

extraction, P C R  am plification  D N A  seq u encin g and seq u ence analysis. The details o f  
these tw o p rocesses w ere described  b elo w . The protocol o f  the g en etica lly  analysis  
can be sim p lified  as sh ow n  in F igure 3.4.

The gen o m ic  D N A  w as prepared from  m yceliu m  cultured in M E B  and 
extracted w ith  cetyl-trim ety l-am m on iu m  brom ide (C T A B ) as described  in Zhou et al., 
1999. PC R  am p lification  o f  the internal transcribed spacer (IT S) w as perform ed in a 
total vo lu m e o f  50  pi w h ich  com prised  approx. 100 ng gen om ic D N A , IX  Taq 
buffer, 0 .25m M  each  dN T P, 1|JM o f  each  primer, 1.5m M  M gC l, 2.5  units Taq D N A  
P olym erase (Ferm entas, C alifornia, U S A ), and the primer I T S lf  (G ardes and Bruns



1993) and IT S4 (W hite et. al. 1990). The am plification  w as perform ed in a thermal 
cy c le s  (TP 30 00 ; Takara S h u zo ,T ok yo, Japan), w ith  94  ° c  for 5 m in  , fo llo w ed  b y  38 
cy c le s  o f  94° c  for 1 m in, 51° c  for 1 m in and 72  ° c  for 1 m in, w ith  a final 
ex ten sion  o f  72° c  for 5 m in. PC R  product w as purified  usin g the N ucleoSpin®  
(M ach erey -N agel Inc., E aston, U S A ) and clon ed  using PC R -Script ™  A m p. C loning  
Kit. L igation  and transform ation w ere perform ed according to the m anufacturer’s 
protocol. P lasm id  D N A  w as extracted from  p ositive  c lo n es and seq u enced  externally  
by M acrogen  (S eo u l, K orea) usin g the sam e prim ers as for am plification . The ITS 
seq u en ce o f  the three p rom ising fungi w ere subm itted to G enBank.
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D N A  extraction
Primer [ITS 1F (forward primer)] 

[ITS4 (reverse primer)]

ir
PC R  am plification

A garose ge l electrophoresis  
for PC R  product analysis

C lonning o f  the PCR product 
( - 6 0 0  bp in size ) into E .co li

P lasm id extraction and 
D N A  sequencing

Y
B ase seq u ence analysis

F igure3.4 T he diagram  o f  protocol o f  the m olecular gen etic  process for fungal 
identification
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The analysis o f  the Internal Transcribed Spacer (IT S) region  o f  the  

nuclear rR N A  gen e, w h ich  has been  used  to identify and clarify the sp ecies  o f  fungi 
w ere applied  to our three prom ising fungi. The ITS 1 and ITS 2 region  as w ell as the 
prim ers applied  to identify the sp ec ific  regions w ere sh ow n  in the Figure 3.5 and 
Figure 3 .6

major rfiiJA taractipl 3 $  ANA fier»
-, A

1  V/
MK! rtiij loser genic

» enter Ited spacer 00$)
spacer (ITS) regions

regions

ฯ เ

1 r OKA repeat liait

Eccftl Ecrftl B01I
IGS1 loss

SSU(18S) RNA S.8S LSU <25-28ร) RNA
RNA

Fig. 3 .5  Sch em atic representation o f  the rD N A  region  o f  fungi. The s s u  represent the 
Sm all Sub U nit, and L SU  represent the Large Sub U nit. The E coR , B g l represent the 
restriction sites con served  in the rD N A  o f  fungi.
Source: V ilg a ly s  et ah, 1994

NS3 ITS1F ITS5 ITS1 ITS3— ►  __ ►  __ ^  __ > ITS 1 ITS 2
18 ร 5.8 ร 28 ร

-•— <— +—  M__
NS4 ITS2 ITS4 ITS4B

ITS4A

Fig. 3 .6  T he primers used in this study (IT S IF  and ITS 4; bolded) for identification o f  
the ITS region  o f  the fungi o f  interest.
Source: V ilg a ly s  et ah, 1994
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3 .3 .4  D eterm ination o f  the BaP biodegradation k in etics in  liquid  m edia  
The se lected  fungal strain(s) w ere tested for their degradation k in etics o f  BaP  

w h en  grow n in liquid  m edia. A b iotic  controls w ere perform ed in order to com pensate  
for adsorption lo ss  and photo-oxid ation , i f  any. H PLC w ere used  to determ ine the 
reduction o f  BaP as described  in 3 .4 .2 . The flo w  chart o f  the experim ent w as sim p ly  
illustrated in  F igure3.7

3.3 .4 .1  Culture m edium  preparation
T o grow  each  fungal iso late , 5 p lugs o f  6 m m . m yce lia  on  the solid  

agar w ere conducted  into 25 0 -m l. E rlenm eyer flask  containing 50 m l o f  liquid culture 
havin g  the com p o sition s as fo llo w ed  to V erdin et al. (2 0 0 4 ) sh ow n  in A P P E N D IX  c. 

G lu cose  (5 m M ) w as provided  as a carbon source. In order to determ ine the BaP  
degradation ab ility , b enzo(a)pyrene d isso lved  in acetone w as a lso  added to the final 
concentration  o f  100 ppm  (0 .4  m M ). A fter that, flasks w ere then sterilized  at 120 0 c  

for 20  m in.

3 .3 .4 .2  Experim ental con d ition s for BaP biodegradation k inetic  รณdy  
The cultures w ere grow n in the presence o f  100 ppm  BaP at room  

tem perature (~ 30 -3 2°C ) w ith  orbital shaking at 120 rpm for 30 days. A b io tic  controls  
w ere conducted  to ensure that the disappearance o f  BaP w as caused  by the 
biodegradation. A s w e ll as the determ ination o f  adsorption lo ss  and ph oto-oxid ation  
w ere observed. B io tic  control w as used-the three tim es au toclaved-k illed  culture. The  
m y celia  sam ple w as co llected  every  5 days interval, w ashed  and filtered. The m ycelia  
w ere then ly op h ilized  and the dry w eigh t w as exam ined. BaP w as extracted from  both  
the filtrate and the lyop h ilized  m yceliu m . BaP in the filtrate as w ell as BaP adsorbed  
on the surface o f  the m yce lia  w ere separately extracted three tim es w ith  equal vo lu m e  
o f  d ich lorom ethane (D C M ). BaP contained  in the ce ll m yceliu m  w as a lso  extracted  
usin g D C M  after lyop h ilization  and w e ll grinding. A m ount o f  BaP rem ained in the 
filtrate and m yceliu m  extracts w ere then analyzed by H PLC. In all experim ents, 
cultures w ere grow n in triplicate and the results are expressed  as m eans w ith  standard  
deviations.
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A b io tic  control 
(M ed ia+ B aP )

E xtraction
w ith
D C M

B iotic  control 
(M ed ia+k illed  fungi+B aP )

(30  days shaking incubation)

filtration

M yceliu m

L yophilization

Dry w eigh t determ ination

Experim ent 
(M ed ia+F u ngi+B aP )  

------------------------- ►

I
filtration

M yceliu m  filtrate

D igestion

E xtraction
w ith
D C M

E xtraction
w ith
D CM

HPLC
(A b io tic  control)

A dsorption

ex traction  
w ith

t  D C M
(D eterm ination  o f  rem aining BaP by H PLC) 

HPLC
(B io tic  control)

HPLC
(Sam ple)

Figure 3 .7  Sum m arized diagram  o f  the degradation k inetic study.



BaP degradation rates w ere calcu lated  by subtracting the am ount o f  BaP  
extracted from  the abiotic control (w ithout fungi) and from  the am ount on  ce ll surface  
in the other sam ples. The three tim es autoclaved  k illed  cultures (Juhasz et ah, 20 02 )  
w ere used  to quantified as adsorbtion lo sses. The BaP degradation rate w as calculated
as:
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BaP degradation rate (%) = Abiotic control extraction (100%) -
(sample extraction + adsorption losses)

W here sam ple extraction =  filtrate extraction +  m yceliu m  extraction

3 .3 .5  Factors affectin g BaP biodegradation
The con d ition s in vo lved  in the biodegradation o f  BaP by the fungal isolated  

strain(s) w ere investigated . T he factors affectin g  the biodegradation o f  BaP include:

3 .3 .5 .1  The aeration rate
S in ce the BaP degradation reactions w ere reported to be oxidation  

(C em ig lia& G ib son , 1979, 1980; Launen et al., 1995), the e ffec t o f  aeration rate on the 
BaP degradation by the ch osen  fungi w ere exam ined . The e ffect o f  various shaking  
rates at 60  rpm, 120 rpm and 180 rpm. on 100 ppm  BaP biodegradation w as  
exam ined .

The culture m edia and other growth con d ition s w ere sim ilar to those  
described  in 3 .3 .4 .1 . The dep letions o f  BaP in the system  w ere recorded and 
investigated  over 30  days o f  incubation. The b iom ass w as a lso  m easured.

3 .3 .5 .2  The initial BaP concentration
A ccord in g to the previous reports, the m axim um  concentration o f  BaP  

w hich  fungi can degrade w as at 100 ppm (Launen et al., 1995; V erdin et al., 20 04 ). In 
our study, the h igher BaP concentrations w ere used to test the toleration ability and 
the degradation e ffic ien cy  o f  se lected  fungi. The concentrations o f  BaP varied at 200  
ppm and 30 0  ppm. The disappearances o f  BaP as w ell as the increm ental b iom asses  
w ere investigated .
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3 .3 .5 .3  The carbon source
The type and concentration  o f  carbon source is on e o f  the lim iting  

factors for m icrob io log ica l grow th and biodegradation (L iebeg& C utright, 1999). 
G lu cose has been  w id e ly  used  as a carbon source for fungal growth. In this study, 
g lu cose  w ith  various concentration, 0 m M , 5 m M , or 50  m M , w as applied  as the 
supplem ented  carbon source con com itan t w ith  100 ppm  BaP. The BaP degradation  
e ffic ien cy  and fungal grow th at various g lu cose  concentrations w ere exam ined .

3 .3 .5 .4  B ioava ilab ility  o f  BaP
The b ioava ilab ility  o f  BaP to the fungi is a lso  one o f  the lim iting  

factors. BaP has a lo w  w ater so lu b ility  o f  approxim ately o f  0 .038  mg/1 at 25 °c 
ind icating lo w  b ioava ilab ility  to the organism . Therefore; in  order to  enhance BaP  
b ioava ilab ility , ethanol and m ethanol at the concentrations o f  5 m M  w ere added to 
increase the b ioava ilab ility  o f  BaP to fungi and also as the supplem entary carbon  
source for fungi. Then, the e ffec t o f  ethanol and m ethanol to the reduction o f  BaP as 
w ell as the fungal grow th over 30  days o f  incubation w ere determ ined.

3 .3 .6  D eterm ination  o f  the biotransform ation product(s) to propose the 
biodegradation  pathw ay o f  BaP

T he biotransform ation interm ediate(s) obtained during the b iodegradation o f  
BaP w ere determ ined from  the intracellular and extra-cellu lar sam ples. Culture free 
extract sam p le w as prepared from  the fungal m yceliu m . The m yceliu m  w as  
ly op h ilized , w e ll grinded and son icated  before extracted w ith  an equal vo lu m e o f  
D C M . The n ecessary techniques w ere applied to identify  the in term ediate(s), for 
exam p le H PLC , L C -M S, G C -M S. F inally , the inform ation obtained w as gathered to 
propose the b iodegradation pathw ay o f  BaP by the n ew ly  iso lated  strain(s).

3.4 Analytical methods
3.4 .1  B enzo(a)pyrene extraction from  liquid sam ple
BaP w as extracted from  liquid  sam ple by using liquid-liquid  extraction. The  

co llected  sam p les w ere transferred to the g lass tube. The liquid sam ple w as extracted  
w ith equal vo lu m e o f  d ich lorom ethane (2 tim es). The m ixture w as m ixed  v igorou sly  
for 5 m in. u sin g  vortex, then left to a llo w  the solution  to separate. The upper phase o f



aqueous liquid  w as discarded. The extracted so lven ts contain ing w ere p ooled  
together and left over night in the chem ical hood to evaporate the so lven t. The BaP  
residue w as subject to analyze by H PLC, therefore the m ob ile  phase w as added to re
d isso lv e  the substance before H PLC analysis. A ll experim ents w ere carried out in 
triplicates.

3 .4 .2  Q uantitative an a lysis o f  BaP by liquid chrom atography  
BaP w as qualitatively  and quantitatively analyed by h igh  perform ance liquid  

chrom atography (H PL C ) u sin g a 97 .5%  purity standard BaP. H PLC  w as run on an 
A g ilen t instrum ent m odel 1100 series equipped w ith  u v  detector (254 n m .) using a 
H ew lette  Packard h yp osil C l 8 reverse phase (250m m  X 4m m . id) colum n. The m ob ile  
phase w as 100%  acetonitrile and passed  through the colum n at the f lo w  rate o f  1.0 
m l/m in . The retention tim e o f  BaP w as received  at 3 .96  (+ /-) 0.1 m in. as show n in 
Figure 3 .8 . The am ount or the concentration o f  BaP ach iev in g  from  the chrom atogram  
w as calcu lated  based  on  the calibration curve.
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Figure 3 .8  T he H PLC chrom atogram  o f  benzo(a)pyrene eluted at 3 .9  (+ /-)0 .1  min.

Peak area o f  the chrom atogram  w ere used to calcu late for am ount and/or 
concentration  o f  BaP w hen  com pare to the calibration curve show n in Figure E -l 
(A P P E N D IX  E)
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3.4 .3  A n a lysis  o f  b iotransform ation product(s) usin g Liquid  
C hrom atography- M ass Spectrom etry (L C -M S )

T he extractable sam p les both in  liquid m edia and fungal m yceliu m  w ere  
analyzed  and separated usin g liquid  chrom atograph (A g ilen t 1100) equipped w ith  a 
m ass spectrom etry (Bruker D A L T O N IC S ) w ith  electro-spray io n ization / ion  trap 
m ass analyzer

T he direct in fusion  usin g syrin ge pum p at 260 pl/hr. T he sam p les w ere diluted  
1:10 w ith  50% acetonitrile in  water. The scan acq u isition  range w as from  m /z  =  50- 
500 in p o sitiv e  ion  m ode generated by 0.1% form ic acid. T he capillary vo ltag e  w as - 
4000 V . T he dry gas w as run at 8 1/min and dry tem perature w as at 200°c. The  
n eb ulization  w as generated at 10 psi. The results w ere com pared to the m olecular  
m ass o f  the p ossib le  in term ediate(s) in  BaP degradation pathw ay in  order to identify  
it.
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