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'DEFINITION OF TERMS

Anthropogenic: are sources that are derived fiom human activities, |as
- opposed to those occurring in natural environment without

human influences. 1|

| |
Autochthonous: refers to indigenous organisms or originating in ‘the -place

where it is formed. !l

[

Bioaugmentation: can be defined as the addition of pre'grown microbial cultures
or a genetically engineered variant th) treat contaminated soil

or water in order to improve contaminant clean up and reduce

clean up time and cost. '|
|
Biodegradation: is the breakdown of organic conlamimints by microorganisms

into smaller compounds. The microorganisms transform the

contaminants through metabolic or enzymatic processes.

Microbial bioremediation: can be defined as any process that usés microorganiémé or

their enzymes to return the natural en?ironment altered by
‘ i

contaminants to its original condition. {

Spray-plate technique: is a sohd phase coéting method wheri’?by a compound is |

aseptically sprayed ‘on an agar plattll'ﬂT before microbial

inoculation. i

Enrichment culture technique: is a primary isolation technique ‘Idesigned to make

. conditions of growth very favorable for organisms of interest

xxtii |
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Plasmid curing:

Biotransformation;

while having an unfavorable environment for any competing

i I
' { :
organisms. i
1
!

this is the excision of plasmid from a ﬁlasmid harbouring
\ . i

organism.

is the transfer of genftic material between bacteria from a
|

donor cell to a recipient through direct cell-to-cell contact.
aor P

. ! '
XX1v |
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CHAPTERONE |
INTRODUCTION |

11 BACKGROUND OF STUDY o

Polycyclic aromatic hydrocarboﬁs {(PAHs) and Ill’AHs-containing col‘impounds such as crude
oil and refined petroleum produ&s form an implgrtant class of polhli:tants on a global scale
(Dong ef al., 1999; Rey-Salgueiro et al., 2008). PllftHs have been incllll).!ded in several priority |
poliutant lists which include the Agency of To:%ic Substances and %E{Disease Register, the
International Agéncy for Research on Cance|'rl, the European L'(Ilomrnunity and the

l '
Environmental Protection Agency (Rey-Salgueiro el al., 2008). |

PAH:s are a group of over 100 different fused aromatic compounds wh!f;ch consist of two or

i ) "
more fused aromatic rings in various structural configurations. Those w1t|h two to three fused
!

I i :
aromatic rings are considered as low molecular weight PAHs (LMW PAHs). These include

naphthalene, anthracene and phenanthrene, while those with four and rrfpre fused rings are
| v
high molecular weight PAHs (HMW PAHs) which include chrysene, fluoranthene and
— | :

pyrene. The chemical properties and environmental fate of a PAH molecule are dependent in
l i

part upon both molecular size, i.e., the number of aroalflrlatic rings and moiecule fopology or
the pattern of ring linkage (Kanaly.and Harayama, 2000). ﬁ
Generally, an increase in the size and angularity of a PAH molecule results :;in a concomitant
' t

increase in its hydrophobicity and electrochemical stability, thus making the:gn less amenable
1 .

to biodegradation. PAHs stability and hydrophobiciql,' are two pn'mary'll factors which

contribute to their persistence in the environment '(Kanaly and Harayama, 2000).
Consequently, they have been detected in numerous aquatic and tenestria-]l'lsecosystems at
. 1 | ’
‘- . .1 :
concentrations high enough to warrant concern about their bioaccumulation (Masih and

| l :

. !

e i
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Taneja, 2006; Johnson-Restrepo et al., 2007). Studies have shown bioaccumulation of PAHs
in fishes from the Niger Delta region of Nigeria (Ax‘Tyakora and Coker, 2007, Anyakora et al,,

PAHs are -produced during fossil fuel combustion,i waste incineration:or as by-products of

2008). | 1

industrial processes such as petroleum ref’ming| and coal gasiﬂca'}ion. They are also

o . * | -
component of crude oil, wood preservatives, smoke Ihouses, wood stoves and emissions from

‘power generators and motor vehicles (Christensen arl:d Bzdusek, 2005, \IIViIcke, 2007). PAHs

l i |
generally occur as complex mixtures, found throughout the environment in the air, water, soil
H \l )

and sediment. | 1
|

Discharged PAHs in the environment disperse over wide areas and are of public health and
' [

ecological concern because of their poor solubility, persistence, ability to be bioaccumulated
. |

and toxicity to biological systems (Cerniglia, 1992; Meador ez al., 1995). |
' |

PAHs especially the HMW PAHs are known to exért acutely toxic effects and/or possess
. i | .

mutagenic, teratogenic, cytotoxic and carcinogenic properties even at low concentrations.

These properties have been found to increase with P)Z\H molecular weigl;lt (Cerniglia, 1992,
Xue and Warshawsky, 2005). PAHs may be transferr:cd to humans throu:gh'inhalation, body
contacts, PAHs-contaminated plants and seafood conéumption. These thdls warrant the need
to remediate PAHs-polluted environment and formula!te remediation protécols that would be
safe and cost effective (Dipple and Bigger, 1991; Wils‘:im and Jones, 1993)-i|

: | i '
Although substantial progress has been made in reducing industrial releases of PAHs in

| : , !
Nigeria in recent years, major releases still occur. In addition, a considerable number of

polluted sites have been identified and new ones are Lontinually being gf!:neratcd. Many of
these sités threaten to become sources of comamlination to’ dn'nking: water' supplies;
agricultural land use, quality air and food consumptiLm thereby coustitu?ting a substantial

|
I
q |
; |

J |
! i
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~ and energy source (Boonchang et al., 2000; Supaka et al..{‘ 2000). !

\

| ‘, 'll
G x |
health hazard for current and future generatiol'.ns (Tao et al, 2004; Meudec ef al., 200%;
Anyakora and Coker, 2007; -Nganje etal, 2()07)l.'l ‘ :
Natural loss mechanism of PAHs in soils iﬁclude volati]izatio;l, leaching, ,in'eversiblel

adsorption, photolytic and/or biological modi'ﬁcations. Treatment methods for PAHs-
: 1 :
contaminated soils include: solvent extraction wet oxidation, landfilling and bioremediation.

Several studies have shown that microbial bic;;ransfonnatioxl is 4 major environmental
1 |

process affecting the fate of PAHs and petroleur'p products in both terrestrial and aquatic
i o

ecosystems (Mahmood and Rama, 1993; Kistner and Mahro, 1996; Paimroth ef al., 2005).

1 4 : -

! ; !
The use of microbial bioremediation technologies for removing hydrocarbon pollutants
provide a safe and economic alternative to physical-chemical treatment (Leahy and Colwell,
{ '

1990, Cerniglia, 1992; Kelley et al., 1993). 'Bioren‘iediation of PAHs c';ontaminated soils is
also a promising alternative remedial strategy (Cerniglia 1992; Antizar-ﬂadislao et af., 2006;
Rehmann ez al., 2008). ! ' {

Studies have shown that the low molecular weight PAHs (LMW PAHs) £re readily degraded
(Ilor1 and Amund, 2000; Santos ef al., 2008, Seo et al 2009). However, the high molecuiar

weight PAHs (HMW PAHs) are generally recalcntrant to microbial attack, this causes their

|
‘ i

persistence in the environment (Kanaly and Harayama, 2000' Johnsen et al. 2005, Tlan et al

2008). Nevertheless bacterial isolates that can attack HMW PAHs have been reponed

L

(Walter et al., 1991; Daugulis and McCracken 2003; Lm and Cai 2008). In addmon many

+ !
HMW PAHs are also susceptible to at least partial degraﬂation using LMW PAHS for carbon

Bactena are particularly suitable for biodegradation applilcation because of the wide variety

, ‘ L ,
of carbon sources or electron acceptors used by various strains (Koyama et al., 2004; Sabaté



u;{}

i

et al., 2004). In most hydrocarbon polluted sites, tllle concentration of the pollutant is usually |
| .
‘ |

| N

lethal leaving the sites sterile.

. ’ V l - - 3 -
Nevertheless, bacterial strains have been isolated and identified that survived in the presence

of such pollutant and have degradation ability (Elloopathy 2000; llori and Amund, 2000).
Isolates from non-poiluted sites have been fou_nd'r|10t to biodegrade orI require more time to
initiate degradation. Moreso, single strains of bacter{ia are often insufficient to degrade certain

pollutants such that complete catabolism may requif'e consortia or comrinunities composed of

| ; '

two or more taxa (Piehler et al, 1999; Juhasz and Naidu 2000). Therefore, efforts are
| |

directed at isolating various strains of bacteria from indigenous polluted sites with desirable

degradation abilities. : .
i !

The initial step in the aerobic catabolism of a PAH molecule by bacteria occur via oxidation

of the PAH to a dihydrodiol by a dioxygenase; a mu?ticomponent enzynie system. This is the

rate limiting step (Kanaly and Harayama, 2000, Ri{Tgert et al., 2001; Jbhnsen et al., 2005).
|
The dihydroxylated intermediates may then be procéssed through either an ortho cleavage or

. |, . : |
a meta cleavage type of pathway leading to central intermediates su‘lch as catechol and

protocatechol. Oxidation of catechol ‘is known as tllhe lower metaboli¢ pathway of PAHs
' I

degradation. The enzyme that catalyse this reaction is called catechol dioxygenase (Briganti
ef al., 2000). Further oxidation of catechol via either ortho or meta cleavéltge type of pathway
\

leads to tricarboxylic acid cycle intermediates, ensuring complete degradation of PAHs

i
(Juhasz and Naidu, 2000; Jiang ef al., 2004). ; |

Catabolic pathways which encode different PAHs degradatlon are reported to be located on
I

plasmids (Cho and Kim, 2001; Coral and Karagoz, 2005) It has also been correlated that

catechol dioxygenase involved in catabolism of PAHIs are mediated by p]_lasmids (Credan ef
\ .

al., 1994). l

|

| ‘
4 [ |

|




)

[
Y

2y

)

The prolonged persistence of PAHs in contaminated environment is al%o contributed by their
low water solubility which increases their sorption to soil parti%:les and limits their
availability to biodegrading microorganisms. Thus, approaches to enh;ncing biodegradation
hydrophobic PAHs by treatments such as additionéof synthetic surfactants or biosurfactants
which increases their solubility have been investigated (Makkar and ﬁockne, 2003; Woo et
al., 2004). | o

Therefore, main factors that influence the extent? of PAHs degradaiion are the PAH in
question, availability of PAH degraders, range of: hydrocarbc_ms utili;ation, activity of the
PAH degraders enzyme systems, potential transferability of degradation genes and

bioavailability of the PAHs to the degraders (Makkar and Rockne, 2003; Jiang er al., 2004,

Bathe ef al., 2005, Johnsen ef al., 2005).

12 STATEMENT OF PROBLEM o

Nigerian environs are continually faced with enviroﬁmental pollution challenges contributed

by anthropogenic processes especially from oil and gas exploration, dé\!}elopment and usage.

These activities have led to the deposition of refractory compounds such: as crude oil, refined

petroleum products and polyc'yclic aromatic hydrocairbons {PAHs) into tl?e environment.

The reuse of crude oil-impacted land for agricult!ural purposes for fl'ood production. has
i

become paramount. Poor yields of agricultural produce caused by planting in oil-impacted

land and regaining of soil fertility upon pollution cannot be over emphas:ized {Nwachukwu et.

al., 2001). !

_Petroleum hydrocarbon contamination is also of great concern due 'to the toxicity and

recalcitrance of many fuel components such as PAHs (Saeed and Al-Mutairi, 2000). The high

molecular weight PAHs (HMW PAHs) are of princiipal concern due té their recalcitrance,

’ ’

|
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. persistence, bioaccumulation, carcinogenicity, genotoxicity and mutagenicity (Kewley et al.,

1 !
2004; Da Silva et al., 2006; Castorena-Torres ef al,,'2008; Topinka el al., 2008).

Remediation of PAHs-contaminated system could be achieved either by physicochemical or
biological methods. Microbial bioremediation has been explored, which: represents the major

route responsible for the ecological recovery of PAH-contaminated sites. It is also considered
' i
environmentally friendly, technologically feasible a;nd cost effective (Samanta e/ al., 2002).

| .
However, measuring the success of bioremediation| of crude oil spills| is based on several
parameters, among them the degradation of PAHs in the crude oil. !
| | |
In addition, the success of PAHs bioremediation projects has been limited by the failure to

- |
remove the HMW PAHs. This is compounded by the existence of complex mixtures of PAHs

at contaminated sites (Guba et al., 1999; Lebiond ef all., 2001). Furthérmo:re, there is dearth of

studies on tropical microbial culture degradation of HMW PAHEs, their degradation enzymes
,

system and molecular diversity. | |
Therefore, for microbial bioremediation to be succelssfully 1mplementeld as a HMW PAH

remediation technology, it is essential to employ micr?organisms with a u'?ide range of HMW

PAH degradation potential and understand the biodegradation of mixtures of PAHs. The
| |

efficiency of such microorganisms in complete elimination of HMW PAHs in terms of their

l : o] .
catechol dioxygenase activity needs to be examined, jincluding the involvement of plasmid

and biosurfactant in HMW PAHs degradations.
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13  SIGNIFICANCE OF THE PROJECT

Polycyclic aromatic hydrocarbons .(PAHs) are onelclass of toxic environmental pollutants
| H

that have accumulated in the énvironment due to a v:aricty of anthropog‘lanic activities (Masih'
1 |

and Taneja, 2006; Wilcke, 2007). ;

Bacterial bioremediation has been shown to be efTeFtive n .ameliorating soils contaminated
! f

with low molecular weight PAHs (Kastner and Mahro, 1996; Woo ef é‘lwi, 2004). However,

| .
the PAHs are generally recalcitrant to microbial attack (Johnsen and Karlson 2004).
i .

I : | —
Interest in the biodegradation of the HMW PAHs was motivated by their ubiquitous

distribution, low bioavailability, persistence and potential deletenous efcht'on human health.

I !

HMW PAHs are carcinogenic, tetratogenic and mutagenic. They bioaccumulate in marine
i

organisms and plants which could indirectly cause harm to exposed ht%mans'through f-‘o'_od

consumption ((Weinstein ef al., 2003; Yu et al, 20051% Anyakora and CokT:r, 2007).

. i
Studies have shown biodegradation of individual HMMW PAHs especially in co-metabolism-

| ' :
(Boonchang et al, 2000, Supaka er al, 2000). Moreover, at contaminated sites PAHs
typically occur as mixture of compounds (Leblond e/ &1., 2001). |

| .
Interactions between HMW PAHs are possible, this can alter the rate and extent of
|

biodegradation within a mixture (Beckles e/ al., 1998). The effect of a [single HMW PAH
|

compound on the biodegradation of another will be crucial in determining the efficacy and
| |

metabolic versatility of the microorganisms competent to remediate a contaminated media.
! |

Most studies concerning the biodegradation of PAHs were conducted bP/ pure _cul_t_ures _of

microorganisms but less is known about the degra({ation of these comlpounds by mixed

populations as found in nature. | |

|.

7 | N
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Therefore, for bioremediation to be an effective tool for the clean-up of HMW PAH

contaminated soils, a greater understanding of the processes involved and those that limit the

degradation of HMW PAHs are required. ‘f _ ’

. |
14  OBJECTIVES OF RESEARCH |

The overall objective is to generate indigenous bacteria capable of degrading HMW PAHS.
|
The specific aims of this research include t0; ' ' !
: |
1. Isolate and identify indigenous bacteria wi‘th potential to degrade high molecular
weight polycyclic aromatic hydrocarbons (chrysene, fluoranthene and Pyrene) and
evaluate the range of hydrocarbons utili;zation by the isolated HMW PAHs

r . H

degraders. ‘ ‘

2. Evaluate the rate of degradation of individual HMW PAH an? mixture of HMW

PAHs by the degraders using single isolate, consortium with and without

l
cosubstrate; phenanthrene a low molecular weight PAH.

3. Partially purify and characterize catechol dioxygenases ofi the HMW PAHs
degraders. { i ‘
4. Evaluate plasmid mediation in HMW PAHs degradation by the isolates and

|

ascertain possible transfer of HMW PAHs dégradation gene to other isolates.
: 3

5. Determine biosurfactant production potenliall of the HMW PAH& degraders.
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In order to achieve the objectives, the research \Yas divided into three major phases
' I

PHASE 1: ISOLATION AND IDENTIFICATION OF INDIGENOUS HMW

1 .
PAHS DEGRADERS 1 | !_

|
This involved the isolation of HMW PAHs degLrading bacteria frorn PAHs polluted sails,
1' 1

| I -
screening and selection of the best HMW PAHs degrading bacteria, identification of the
! |

selected degraders and evaluation the range of hyhrocarbons utilization by the HMW PAHs
{ 1

degrading bactena. 1 : il

l

i
PHASE 2: BIODEGRADATION STUDIES'{ I
_ : .
This stage involved the evaluation of the rate of degradation of HMW PAHs using the
| 1 ‘ :
degraders as single isolate or as a consortium with and withoui phenanthrene. The

i |
degradations were also carried out using the HMW PAHs as single substrate and as

mixture. { '|
PHASE 3: MECHANISM OF DEGRADAT]bN %
! !
f 1

This phase involved partial purification and characterization of catechol dioxygenases of

. ! ! S

the HMW PAHSs degrading bacteria, evaluation oﬂ plasmid involvemeént in HMW PAHs
[ .

degradation, biotransformation of the degradation|gene of the HMW PAHs degrading

|
bacteria and ascertaining potential of the degraders t(g produce biosurfactant.
| !
| F
.

\, ' !
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CHAPTER TWO
20 LITERATURE REVIEW | 3

| |

1 |
2.1 PHYSIO-CHEMICAL PROPERTIES OF POLYCYCLIC AROMATIC

! i

| [

HYDROCARBONS

1 '
The term PAH generally refers to a group of hydil'ocarbons containing two or more fused
aromatic fings in linear, angular or clustered arrangé.ments (Johnsen ef al, 2005). Beside this,

1 ‘ :
they are neutral, nonpolar and hydrophobic. Each PAH exhibits a uniun set of physical and
1

chemical properties (Table 2.1) in terms of molecular weight, ring arrangement, aqueous
‘ 1
solubility, adsorption-desorption properties, stabi‘ity and volatility! (Boopathy, 20600,

|
Anyakora 2007). These properties stand against their ready microbial utilization and promote

their accumulation in the solid phases of the terrestﬁ?l environment. Th('j. aqueous solubility
1

and thus bioavailability of PAHs decreases almost logarithmically with increasing molecular
| i

mass (Cernigla, 1992). In addition, volatility decrez%ses with increasing number of fused

rings. Hundreds of PAHs have been identified but sixteen of them are classified as priority

| 1
pollutants by the United States Environmental Protection Agency, USEPA (Anyakora 2007;

Kobayashi ef al, 2008) because of three main reasons. First, these sixteen are proposed to be

| ' ’

more harmful than the other PAHs. Secondly, there is more information on them and lastly,
. ‘ |

there are greater possibilities of people being exposed to them. These PAHs include:

1

acenaphthene,  acenaphthylene,  anthracene,  benz(a)anthracene, ' benzo(a)pyrene,
3

benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene,
| |
dibenz(a,h)anthracene, fluoranthene, fluorene, ind'gno(] ,2,3-c,d)pyrene, naphthaiene,

3
I

phenanthrene and pyrene (Fig. 2.1). !

10

—— o —




)

L)

Table 2.1

Physical-chemical properties of 16 USEPA prioritj( PAHs

PAH No. of Molecular | Aqueous | Log Kow | Vapour |
rings weight | solubility - ' press. (Pa)
. |(mgm ‘.
Naphthalene 12 128 | 31 13.37 1.0x10% |
Acenaphthylene 3. 152 16 | 4.00 9.0x10" |
Acenaphthene 3 154 ' 3.8 3.92 3.0x10" |
Fluorene 3 1166 | 1.9 i4.18 9.0x10”% |
Phenanthrene 3 178 1‘ IR 14,57 2.0x107 |
Authracene 3 178 . [0.045 4,54 1.0x107 |
Pyrene 4 202 C o3 5.18 6.0x107 |
Fluoranthene 4 202 1026 522 1.2x10° |
Benzo[a]anthracene 4 228 " ]o.0n 5.91 2.8x10° |
Chrysene 4 228 . [ 0.006 5.91 57x107 |
Benzo[b]fluoranthene {5 252 ' 10.0015 5.80 - |
Benzojk}fluoranthene |5 252 | 0.0008 6.00 5.2x10™
Benzola|pyrene 5 252 " 10.0038 5:91 7.0x107
Dibenzo{a,h]anthracene | 5 278 . | 0.0006 6.75 3.7x107"°
Indenof1,2,3-cd]pyrene | 6 276 ' 10.00019 6.50 -
Benzo|ghi]perylene 6 I276 . | 0.00026 6.50 1.4x10™

Source: Anyakora (2007).

!
I

|

i

O
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Structure of the 16 USEPA priority PAHs 'g

Fig. 2.1
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2.2 OCCURRENCE OF PAHS IN THE ENVIRONMENT | '\
' I

|

. . . e Lo .
PAHs have been detected in a wide variety of environmental samples, including air, soil, sedulnents
! 1 1

! . ] 1
and foodstuffs. Several studies have been carriéd out to determine the levels of PAHs in different

{ !
countries (Koyama et al., 2004; Masih and Taneja, 2006; Cai er al.. 2007). \
: t '
E
22,1 . PAHSINTHE AIR o .
* !
. ‘ t :
The main route for PAH transport is throuéh the atmosphere.’ Results from ambient] air

* ’. .
monitoring programmes have shown that PAH concentrations are usually in the order of a few

! i
nanograms per cubic metre of air. Of the major air emission sources is the incomplete

e
: 5

combustion of fuel by motor vehicles contributing significantly to air PAHs in urban aré|as
L .

]

. e L . l
particularly near busy streets (Mar ef al., 1999). PAJ{s concentrations in workplace air may ti)e

. Lo C .
several orders of magnitude greater than concentration observed in ambient air. \
. 1
. : o . . ! o
The residents in urban districts of Tianjin, China were found to be exposed to ambient air that

1

exceeded the national standard of 10 ng m™> of bénzo[a]pyrene equivalent concentration (Tao
' \ ; :
et al., 2006). Motor vehicles, including diesel automobiles, trucks and'; buses also contribute to

— O—— R
— e

atmospheric PAH pollution through exhaust condensate and partiiculates, tyre particles,\

lubricating oils and greases. Once these compounds are released into the atmosphere, they can

be transported away from their emission sources aver long distances and/or deposited to the

{
1

terrestrial and aquatic environment through dry and wet deposition.

! :
|

2.2.2 PAHS IN SOILS

| -

PAHs remain in the environment for long periods if the soil autochthonous microbial
‘ .

populations do not have metabolic ability to degrade these compounds. In such cases, soil
‘ 1
! :

inoculation with microorganisms that degrade 'PAH:S (bicaugmentation) is a recommended

| :
12 '.

1
!
1
|
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‘ i
practice (Yu ef al,, 2005; Johnsen et al., 2007). The LMW PAHs are mostly found in th

¢ gas
phase while the HMW PAHs are mainly associated with airbo}ne particles. HMW PAHs

rapidly attach to existing particles, usually soot particles, by adso

rption or condensation upon
\ : :
cooling of fuel gas. Once they enter into the soil, they accumulate in horizons rich in orgaﬁ\ic :
1 :
[ : i
matter where they are likely to be retained for many years due to their persistence a

nd
hydrophobicity (Krauss ef al., 2000). Consequenily, soils are an imﬁonant reservoir for thes

¢

1 \

compounds (Ockenden ef al,, 2003). 1\ : \

11 \
e . . Cd : .

Major PAH emission sources are concentrated in urban areas, where PAH concentrations ca
| :

n
. x L .
exceed those in rural areas by as much as one or \two orders of magnitude (Wagrowski and

|

* 1

Hites, 1997; Zhang et al., 2006). Investigation on the level of PAHs in surface soil from
L :

petroleum handling facilities in Calabar metropolis, southeastern Nigeria showed that total

PAHs varied from 1.80 to 334.43 mg/kg with a mean of 50.31 mg/kg. It was also considered

1
that the major source of soil contamination originated, from petroleum products (Ngarije et al.,
2007).

|
{
[
i
i

n -
| | |

2.2.3 PAHS IN MARINE SEDIMENTS }‘ “

{

!
1 |
B

PAHs are characterized by low water solubility and high octanol-\iwater. partitioning

n :
coefficients; hence their concentrations in- water ‘are ex'?remely low. Therefore, due to their

hydrophobic nature, PAHs accumulate in fine grain sediments partitioning 10 organic carbon-
i :

' x
coated particles. As such, sediments may be considered as a reservoir for PA

{ ,
H accumulation.
1 |
n L |
PAH concentrations in sediments may accumulate due to a number of sources including

i 3 :
atmospheric deposition, marine seeps of petroleum hydrocarbons, off-shore’ production or
! :

- - L] t
petroleum transportation, sewage disposal or boating. E_

i

'
)
1

'
)
!
1.
i
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Investigation into the distribution of PAHs in sediments of Lagos, Oshogho a.nd"ll_lle-lfe in

1

Western areas of Nigeria respectively sh'lowed an average of 228.57 mg kg' & PAH in Lagos
. : |

and 91.13 mg kg average S PAH in Osogho and tle-Ife (Ogunfowokan er al, 2004). This
. | , |

' . i
result correlates higher industrial activities and traffic density to PAHs exposure. Fluo".ranthene
. ! : : | |

is one of the most common PAHs found in the environment. Sediment concentrations of
| . 1

1

‘ 1 L |
fluoranthene in South Carolina tidai creeks ranged from 5.69 pg/g dry weight in crefks that
drained urban watersheds to 0.003 pg/g dry weight in creeks tﬁ;at drained forested or rc%ference
watersheds (Sanger ef al,, 1999). Organisrbs such as Monopy"i!ephoms rubroniveus has been

found to bicaccumulate large amounts of sediment-associated fluoranthene In its tissue‘ls with

mean tissue concentrations of fluoranthene és high as 6431 ug/g dry weight (Weinsteinjer al,

2003). !

2.2.4 PAHS IN MARINE ORGANISMS

e ——
—— r

1 . 1
In marine environments, most PAHs do not dissolve weil in water and so they ten‘]d to
' |

accumulate in sediments (Means er al, 1980). In coastal marine environments, sources of
; ‘

. . o | . . - . . .
PAHs include atmospheric deposition, petrochemical industries, domestic and industrial
{ '

wastewaters, rivers and spillage of petroleum products from ships-(Sauer ef al., 1998). PAHs

presence in coastal environments may pose a pbtential threat to publichealth and marine life.

In addition to air, sediment and soil, PAHs may accumulate in marine organisms. Studies have
reported the occurrence of PAHs in marine benthic invertebrates sﬂ;ch as mussels and clams,

marine mammals, fishes, sea otters and coastal birds (Meador ef al., 1995; Rey-Salgueiro et a'i
’ [ . |

. i ‘ |
2008). Four species of fish, namely Parchanna obscura, Pseudolithus elongatus, Lizza

dumerillii and Clarais gariepinnus widely consumed in the Niger Dell“ta region of Nigeria havé
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41,

|
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\

f

been shown to bioaccumulate PAHs (Anyakora and Coker, 200?).,The PAHs content of:' these

.
four fishes showed the presence of chrysene, fluoranthene and pyrene (Fig. 2.2). l
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|
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! I
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| |
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Fig 2.2. The PAHs content of four fishes widely consumed in the Niger Delta iregion of Nigeria (Adopted II

from Anyakora and Coker, 2007). NA= Naphthalene, ‘ACY=Acennphthylene, ACE=Aceaaphthene, FL=Flourene,’
PH=Phenanthrene, AN=Apthracene, FLR=Flooranthene, PY=Pyrene, BaA=Benz|alanthracene, CH=Chrysene ,

BF=Benzo|b}fluoranthene, BKF=Benzo[klfluoranthene, BaP=Benzoja|pyrene, BPr{Benzolghi]pererue,
DA=Dibenzja,h]anthracene, IP=Indero|1,2,3-cd)pyrene | \

|
(
! |
1
|
|

4 -

|
2.2.5 PAHS IN PLANTS ; | |

| | 1
PAHs may accumulate in vegetations, such accumulations determine the fate of PAHS in the

| \ [
environment (Barber ef al, 2003; Kluska, 2003). Although'the PAHs stored in ve:getation
| \ [

account for only a small proportion of the total burden in the environment, they are T'tctive in
| I

exchange with other media. This directly i‘nﬂuence local air PAHs concentrations andl|can also
| [

be used as a passive sampler to indicate cqntamjnation levels o‘lf PAHs in local air. :

Studies have investigated uptake of PAHs4 by plants and vegeglables (Voutsa and Samallra, 1998;

Kipopoulou ef al,, 1999; Tao et al, 20045. Gaseous depositio{n is the principal pathwa'ly for the
accumulation of PAHSs in vegetable. PAH;s emissions from fo‘lssil fuel combustion were shown
to influence the PAH levels and profiles in vegetables grown;in an industrial area (Kipopoulou
ST - .'

' |
|
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et al., 1999). In some cases, however, direct relationship beitween soil and plant PAH
concentrations have been observed suggesting a possible pathwagy from contaminated soil to
plant roots (Wild ef al, 1992). It has also been estimated tha!t the PAH burden in rural
vegetation is up to 10 times lower than in urban samples which correlated to the atmospheric
PAH concentration gradient away from urban areas (Wagrowski :%md Hites, | 1997). Meudec et -

al, (2006) found phenanthrene, pyrene and chrysene to be majc:)r PAHs bicaccumulated in

: . |
plants grown on oiled sediment, |

2.3 PAHS TOXICITY
PAHs are ubiquitous environmental pollutants generated mainly from anthropogenic proce ;sés
which pose serious concern on human health through bicaccumulation and to;l(icity (Yu ef "ai..
2005). PAHs are highly lipid-soluble, rapidly distributed in a wide variety of tissues with a

marked tendency for localization in body fat.

Human exposure to PAHs is 88-98% connected to food through consumption of PAHs

contaminated drinking water, sea foods, atmospherically PAHs-deposited crops, crops grown
on PAHs polluted sites and flow of contaminated water to agricultu{ral soil (Dipple and Bigger,

1991; Wilson and Jones, 1993; Kluska 2003; Tao et ai., 2004). |

PAHs human exposure could also occur during intense thermal processing such as toasting,
:
! : ‘
roasting, frying, wood smoke use through inhalation and body contact (Kuljukka er al., 1996;
Rey-Salgueiro ef al., 2008). PAHs have also been detected in occupational populations such as

aluminum smelter workers (Levin, e/ al., 1995), graphite-electrode' plant workers (Angerer; et

al., 1997), road pavers (Vaananen et al, 2003), coal-tar distillatilon workers (Préuss et al,
‘ | | _ |
2005), bus-garage and waste-collection workers (Kuusimaki ef af,, 2004) and traffic police

|

l

officers (Merlo et al., 1998). |
- o
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PAHs metabolism in human body produces epoxide compounds with mutagenic and

| |
. . . . f . |
carcinogenic properties. Cases of lung, intestinal, liver, pancreas and skin cancers have been

l

reported (Samanta ef al., 2002). Human exposure is often demonstrated by increased intemai
.- .
levels of PAH metabolites which are markers for early biological effects, like DNA adducts:r

and cytogenetic aberrations (Xue and Warshawsky, 2005). PAHs act as ligands to the aryl:

vy oo
hydrocarbon receptor (AhR) which is a lligand-actiyated meraber of the basic helix"locu:)wsl

' {
helix/Per-ARNT-Sim (bHLH/PAS) family of transcription factors (:Kewley et al, 2004).1
Activation of AhR may initiate a cascade of secondary and tertiary c.ha;:.lges In gene expression ‘
leading to  carcinogenicity, wasting  syndrome, teratogéniécity, hepatotoxicity, l:

immunosuppression and enzyme induction (Denison and Heath-Pagliﬁs, 1998).

Marine organisms take-up PAHs depending on the bioavailability of thlg PAHs as weil as the
physiology of the organism. They metabolize PAHSs to active and poienf}carcinogenic forms in
the liver (Da Silva et al., 2006). Metabolites of PAHs found in benthic ﬁ;‘sh are associated with - {
hepatic lesions and liver neoplasm (Baumann and Harshbarger, 1995); 1';'1; vitro s.tudy on effect i
of PAHs on ovariﬁn steroidogenesis of the flounder (Platichthys ﬂems L.)ilshowed the potential |
of PAHs to disrupt the reproductive cycle of fish living in polluted t%:nvironments due to
impairment of steroid biosynthesis (Monteiro ef al., 2000), PAHs haye{ also been found to

disrupt the immune system of fishes (Reynaud and Deschaux, 2006) and induced oxidative

stress in Perna viridis (Cheung et al., 2001). o
PAH stress response studies in Arabidopsis thaliana exposed to phénanthrene showed
morphological symptoms of growth reduction of the root and shoot, déformed trichomes,

reduced root hairs, chlorosis, late flowering and the appearance of white spots which later

developed into necrotic lesions. PAHs-contaminated plants also experience,oxidative stress at

the tissue and cellular levels (Alkio e/ al., 2005).
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2.4 BIODEGRADATION OF PAHS BY BACTERIA : ‘ \

Bacterial degradation of LMW PAH is well documented (lori and :{&_mund, 2000, Woo et a}.,
2004; Santos et al, 2008). In the last decade, significant advance hzl';s been made in research
pertaining specifically to bacterial biodegradation of HMW PAHs whi%h are recalcitrant. i
In natural environments, the LMW PAHs (consisting of 2-3 aror:natic rings) are readily\

degraded, while the HMW PAHs (containing 4 or more aromatic rmgs) are persistent (Juhasz

and Naidu, 2000). Studies suggested that many bactena prefer LMW PAHs to HMW PAHs in i\
b
pure culture conditions (Lotfabad and Gray, 2002). It has also been found that PAHs with |
different aromatic rings are degraded by different microbial groups ,_(Smgleton, 2005). In \

addition, HMW PAHs may be degraded via co-metabolism using LMW“.‘PAHS as carbon and \‘
' |

energy source (Boldrin et al., 1993). "- ) \

However, a number of bacterial isolates capable of HMW PAH deéradation have been \

e e t—

described; Alcaligenes denitrificans strain WW1 has been identified to degLL_rade fluoranthene at
a rate of 0.3 mg/ml per day and aiso co-metabolized other PAHs, _iné‘lhding pyrene and
benz[a]anthracene (Weissenfels et al., 1991). Rhodococcus s;;. strain UW1 iéisolated from PAHs
cor_lta'minated soil was found capable of utilizing pyrene and chrysene as solé sources of carbon
and energy (Walter et al,, 1991).

Pseudomonas organism, strain HL7b, isolated by enrichment cultures cierived from 'fhé
aromauc fraction of crude oil was reported to degrade fluoranthene, but not ‘as a sole carbon
and energy source (Foght and Westlake, 1988). Sphingomonas sp. Strain P2 |solated from a
lubricant-contaminated garage soil by phenanthrene enrichment was capabl_e of degradmg
fluoranthene and pyrene via cometabolism (Supaka et al,, 2000). In contrast tol"‘ bacteria, fungi

do not usually utilize PAHs as their sole carbon and energy source but transform these

compounds co-metabolically to detoxified metabolites (Boonchang ef al., 2000). ‘.‘
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The mechanism of bacterial catabolism of PAHSs involves initial oxidation to cis-dihydrodiols
' : ]
by dioxygenases, which incorporates two oxygen atoms into the aromatic nucleus; this is ithe

rate-limiting step (Cemiglia, 1992). The cis-dihydrodiols are re-aromatised through a cis-

dihydrodiol dehydrogenase to yield dihydroxylated derivatives wﬁjch is further oxidized ‘to

| 1 |
form catechols. Catechols can then be oxidized via two pathways (F ig‘ 2.3) E
v
'
Ccoou ll
!
]
‘“‘ Capechol <y, cfs-Muc.onic scia ’
X . . \I, - Py ) J: [ = P4 o \
o ke . P . . cCHO ; :: ! '
coon O COOR- \
| T __coom |
Loo B | P Kotoadipic asid
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, cu, —-c:n EABE R T
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=5 Pyrnivic. acld ’

Fig. 2.3, Pathway for microbial metabolism of aromatic ring by ortho or meta cleavage
The ortho pathway involves cleavage of the bond between carbon atoms with hydroxyl groups
to yield cis,cis-muconic acid. On the other hand the meta pathway involves cleavage of the
bond between a carbon atom with a hydrokyl group and the adjacent carbon atom without a

hydroxyl group to yield 2-hydroxymucaldehyde acid. The enzyme that catalyse both the ortho

and meta cleavage pathway of catechol is called catechol dioxygenase
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Catechol dioxygenases are divided into two different classes based ';upon the position of bond

. i
cleavage. These are the intradiol cleavage by catechol 1,2-dioxygenases (EC 1.13.11.1) and the

' %
extradiol cleavage by catechol 2,3-dioxygenases (EC 1.13.11.2). Catechol 1,2~dio>cygenasile

catalyzes the incorporation of dioxygen into catechol and the intradiol ring cleavage to form ci'ls'

iI
e
l

cis muconic acid (Strachan er al, 1998) while catechol 2,3-dioxygenase catalyzes th
incorporation of dioxygen into catechol and the extradiol ‘ring' cleavage to form 2:

————

. {
hydroxymucaldehyde acid (Credan et al., 1994). . ,I
There are many differences between the active sites of the two different classes of the enzyme.

1
| L

. . . . .|
These differences have a profound effect on the reaction mechanism, causing the reaction |
‘ , i

pathway to be very different for each enzyme.

The intradiol cleavage active site consists of an iron (I1I) metai center coordinated by two

}

l

l

!

|
histidine moieties, two tyrosine ‘moieties and a hydroxide ion in a: trigonal bipyramidal |

geometry (Fig 2.4). In the presence of catechol substrate, one of the tyrésine moieties and the

substrate binds as a bidentate dianion to the iron centre. Once bound, the catechol reacts with

4

) L
hydroxide 10on ligands are protonated and dissociate away from the iron'; centre. The catechol \‘
| | 1
1

|
dioxygen forming peroxide intermediate (Hitomi et al, 2004). The peroxide intermediate ‘\

undergoes a reaction with iron centre, forming cyclic peroxide, which after rearrangement,

results in ¢is cis muconic acid.

The extradiol cleavage active site consists of an iron (1I} metal centre {:oordinated by two

J———

histidine moieties, one glutamate moiety and two water molecules in & square pyramidal
|

geometry (Kita ef al., 1999; Lin et al., 2000). This difference in the oxidation state of the metal

and the difference in the ligand environment as compared to the intradiol cleavage active site,

causes the catechol to bind in a different mode. In the extradiol cleavage mechanism, the

catechol is proposed to displace two water molecules, and bind as a bidentate,'; monoanion (Sato \

20 |



et al., 2002). For extradiol cleavage, dioxygen interacts directly with.the iron centre, resulting

in a superoxide intermediate. After

cyclic peroxide, 2:

rearrangement  of the: ,

hydroxymucaldehyde acid results (Fig. 2.5).
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Fig. 2.4. Catalytic cycle for catechol 1,2- dioxygenase cleavage P L |
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Fig. 2.5, Catalytic cycle for catechol 2,3- dioxygenase cleavage '
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Catechol ring cleavage results in the production of pyruvate a?d tricarboxylic acid l

intermediates which are utilized by the microorganism for synthesis of cellular constituents and

energy (Wilson and Jones, 1993). A by-product of these reactions is the production of

carbondioxide and water. Once the initiai hydroxylated aromatic ring of the PAH is degraded -

(to pyruvic acid and carbondioxide), the second ring is then attacked in the same manner

(Juhasz and Naidu, 2000).

2.5 ROLE OF PLASMIDS IN PAHS DEGRADATION |

Plasmids are extrachromosomal circular deoxyribonucleic acid (DNA) molecules that replicate

independently of their host chromosome. They are usually found in bac}eria and eukaryotes.

They carry genes that confer selective phenotypic advantages such as antibiotic resistance,
|

degradation or catabolic gene, pathogenicity and conjugation potential. The size of plasmids

!

varies from less than 1 to over 400 kilobase pairs (kbp). ]

Plasmids may be one copy, for large plasmids, to hundreds of copies o!‘f the same plésmid ina

single cell, or even thousands of copies. The catabolic pathways which’ encode different PAHs

degradation have been reported to be located on plasmids (Cho and Kim, 2001; Coral and |

P
Karagéz, 2005). -

Pseudomonas strains harboring plasmids metabolizing naphthalene have been shown to contain

silent genes of meta-pathway that may ‘switch-on’ when the strains ar? grown on methylated -

naphthalene and salicylate derivatives (Filonov ef al., 2000). Catchol di_oxygenase involved in
catabolism of PAHs has been found to be encoded by plasmids (Credaﬂ et al., 1994). The

presence of PAH-degradation genes on mobile, genetic elements may indicate. the easy

spreading of PAH-catabolic abilities among bacteria in polluted soils as a result of conjugative

gene-transfer. This was evident in the observed transfer of plasmid?ernlcoded NAH-genes

22
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| . .
between phylogenetically different members of a bacterial community in tar-contaminated soil
P .
(Herrick ef al, 1997, Stuart-Keil e al., 1998). oy

2.6 ROLE OF BIOSURFACTANTS IN PAHS DEGRADATION

Biosurfactants are amphiphilic surface-active molecules produced on living surfaces, mostly
[

microbial cell surfaces, or excreted extracellularly. A biosurfactant may! have one of the

following structures: mycolic acid, glycolipids, polysaccharide-lipid complex, lipoprotein or
-

lipopeptide, phospholipid, or the microbial cell surface itself.

They consist of hydrophilic and hydrophobic domains which tend to partitic:m preferably at the

interface between fluids of different degrees of polarity and hydrogen bolhding {Ron and

Rosenberg, 2001; Johnsen ef ai., 2003).
Biosurfactants are involved in cell adhesion, emulsification, solubiliza;t:ion, dispersion,
flocculation, surface tension reduction, cell aggregation, and desorption pheno:mena.
The relative toxicity, low biodegradability and limited efficiency at low coy'llcentrations have
reduced the potential use of synthetic surfactants in contaminated sites (I\besai and Banat,
1997). This purpose may be better served by biosurfactants whose prima%:ry function is to

facilitate microbial life in environments dominated by hydrophilic-hydrdphobic interfaces

(Barkay et al., 1999; Maneerat, 2005).

Biosynthesis and excretion of biosurfactants into medium are considered to be cell mechanisms

aimed at an adaptation of the microorganism to using external lipophilic compounds as carbon

and energy sources. Hydrophobic compounds such as hydrocarbons ‘require solubilization
before being degraded by microbial cells. Mineralization is govemed;l by desorption of

hydrocarbons in soil or water environment into the hydrophobic core of the biosurfactants. This
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increases the surface area of hydrophobic materials thereby increasing their water solubility.

]

Hence, the presence of biosurfactants may increase microbial degf_adagtion of hydrocarbons:
Many bacteria growing on hydrocarbon produce biosurfactant to increase the bioavailability of

Nt I
these poorly available substrates (llori and Amund 2001, Nweke and Okpokwasili, 20?3;

!

Tabatabaee et al., 2005). .":.‘ : '!{

A similar strategy was suggested for PAH degrading bacteria (Déziel ef al, 1996).

Pseudomonas aeurogenosa grown on phenanthrene or naphthalené was found to prodr.;cét
. B \

biosurfactant which increased the apparent solubility of these PAHs, suggesting that the!
P ‘\

microorganism promoted the availability of its growth substrates (Déziel ez al., 1996).

!

In another study, 22 PAH degraders were found not to produce significant biosurfactant but 11

reduced the surface tension of water by only 0-4mNm™ (Johnsen and Karl.“-_son, 2004).

However in other studies, no correlation was found between biosurfactant -pr(%duction and PAH
mineralization or dissolution rates (Volkering ef al., 1993; Willumsen anq Karison, 199?), It
has thus ‘become imperative to study the mechanisms of the biodegradati.‘cl)n of hydrocarbon

|

poltutants by individual microorganisms.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

31 MATERIALS i ;
EQUIPMENT AND GLASS WARE
Major equipment used include:

- Autoclave (Portable SWP 15 Psi; H:T.30 Psi, Dixoﬁ's Ltd., England) | |
- Incubator (Gallenkamp economy Incubator with fan, USA) ‘
: !

- Centrifuge (Uniscope Sm112, Springfriend Medicals, England)
- Electrophoretic taﬁks and Kits, Vertical type {Shandom Disc electrophic k'it,[EJSA),
- Freeze Drier (Thermoservant, Microduodyo, USA) | i
- High Performance Liquid Chromatography (HPLC) ZModel No. 1100 series ‘

- HPLC Thermostated column compartment (Germany)

- Variable wavelength detector (UV) Japan

|

l

;

|

o

- Quaternary pump, (Germany) ; ]
- Degasser (Japan) A

- Rheodyme manual injector (200uL) | II

- Chemostation software revision !

- VYDAC Reverse Phase column (USAB l
- Microscopés {Light microscope, Carl Zeiss, Cziennany; Swift Instru:tments

international, South Africa)

- pH Meter (Mettler, Switzerland)
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- Spectrophotometer (Thermospectronic Genesys 4001/1, USA; Spectonic Ger’;esys

! T
TMS, USA) | o !

- Ultra Cenrifuge (Superspeed RC-B, Sorvall Inc, Newton Connecticdt, USA)

- Eppendorf machine (Minispain, Germany)

- Water bath (Gallenkamp, England; Equitron, Mumbai, India)
- Weighing Balance (Mettler Toledo Ab204, Switzerland)

- Vortex (Fisons scientific equipment) ;
i
Glass ware and other materials include: j

!
|
Mc Cartney bottles, Erlenmeyer flasks, Separating funnel, Bunsen burners, Spirit lamps, G]“;ISS

|
rods, Glass spreader, Inoculating (Wire) loops, Petni Dishes (displ,osable plastic types), T:est

1 .
tubes, Racks, Beakers, Pipette, Conical flasks, membrane filter, Eppendorf tubes and tibs,

. | i
Retort stand, Measuring cylinders, Pipettes, Microscopic slides, Cover slips, Calibrated M.et'ler

}

rule, Aluminum foils, Whatman No. 1 filter paper, Cotton wool, Hand gloves and Face masks.;l.

!

- |

CHEMICALS AND REAGENTS . |
' |

All chemicals used in this research work were of analytical gradé. They were sourced as

follows: LWM PAHs and HMW PAHs (anthracene, chrysene, fluoranthene, naphthalené,

|
phenanthrene and pyrene) from Sigma chemical Co. (Germany). Dodécane, hexane, xylene an@

hexadecane (BDH, England). Crude oil (Shell, Nigeria), diesel oil, :Ikerosene and engine o_ill
from African Petroleum (Nigeria). Nutrient agar and Nutrient brothl; from Fluk.a (Germany).l
DEAE-Sephadex A-50-120 and Sephadéx G-25-300 from Sigma cﬁemical Co. (_Germany).;:
Bacteriophage - Hind 111 digested (0.12-23.1kbp) from Roche, (Germaély). All other f:hemicais%

and reagents were supplied by Sigma chemical Co. (Germany).

:
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MICROORGANISMS

o i
HMW PAHSs degrading bacteria used in this study were isolated from PAHs polluted soils in

Nigeria. Soil E. coli and Klebsiella used in molecular studies were obtained from Departr'pent

of Botany and Microbiology, University of Lagos.

!

| |

! I
3.2 METHODS | |
I

3.21 SOIL SAMPLING " ‘
(i) Site selection: Four sampling locations were explored in Nigeria. PAH contaminated s{roil

samples for microbial seeding were collected from (1) Eleme refinery, PortHarcourt; (2) cil)al
1

mining site, Onyeama mine, Enugu; (3} wood processing site, OsH_odi, Lagos and (4) dies’gl-
‘ 1

power-generator site, Lagos. Accessibility, availability of open space and evidence of PAH soil

|

pollution were the main criteria for the choice of sampling site.

| [
(ii) Soil sample collection and PAHs analysis: Soil samples were collected using sterile
i l .
spatula at a tillage depth of about 2 cm from 20 core points, mixed thoroughly in a clean plastic
: ' |

container and properly labelled. A subsample of the soil mixture was removed and placed in 'Ia

soil sample bag, labelled: and stored in coolers at the site, transp{)ned immediately to the
‘ :
laboratory for further work. The soil samples were analysed for: PAHs content by high

performace liquid chromatography (HPLC). ' ' in

» |
One gram (1g) of soil sample was extracted with ethyl acetate twice and filtered through a 0.45

1

um membrane. The HPLC analyses were performed with VYDAC RP C18 reverse phase
. : |
column (250 x 0.4 mm). Separation was achieved by gradient elution in acetonitrile: water

l
(60%, 50%, 40%, 30%, 20%, 10%, 0% water), temperature 25°C, with a flow rate of 0.8

ml/min and UV absorbance detector set at 254nm (Clemente et al., 2001).
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3.2.2 ISOLATION OF HMW PAHS DEGRADERS
HMW PAHs microbial degraders were isolated from soil sampiles by enrichment cultiijre

technique on mineral salt (MS) as described by Kastner ef al., (1994) using respective HMW

1]

PAHs (chrysene, fluoranthene and pyrene) as sole carbon and energy source. The MS

contained per liter: Na;HPO4 2.13 g; KHaPO4, 1.3 g; NH4CI, 0.5¢ and MgSO, 7H.0, 0.2 g (pH

7.2) and trace elements solution (1 ml per liter) as described by Ilori and Amund (2000, both

3

sterilized separately by autoclaving at 121°C for 20 min.
Microbial inocula were obtained by serially diluting one gram (1 g) of each soil sample to 10‘5;.

Aliquots (1 ml) of 10 and 10 of the soil samples were respectively transferred into ster'iléI

1

250 m! Erlenmeyer flasks containing 20 mi MS (pH 7.2) and the fespective HMW PAHs;‘;
|
|

1]

chrysene, pyrene and fluoranthene (100 pg/m! HMW PAH in ethyl acetate) as sole carbon and

energy source. The ethyl acetate was previously allowed to evaporate under sterilized

L

condition before addition of MS. The flasks were labeled and wrappéd with foil paper then .

incubated in the dark at 30+2.0°C for 7 days. Control MS media inoculated with the serially

1

}
i
g

diluted soil samples without the test HMW PAHs were included to ‘check the increase in :

turbidity of the experimental culture media as a measure of microbial growth. Turbidity of |
. 1

media were measured spectrophometerically as optical density at waveleﬁgth 600nm (ODsoonm)
I
using MS as blank.

l
1

3.23 HARVEST AND ADAPTATION OF 1SOLATED HMW PAH_S DECRADERS
Microbial cells were cold harvested from the various culture broths after 7 days of incubation
by centrifugation at 4,000xg, 4°C for 20 min and then washed twice in 10 nl1] sodium phosphate
buffer (50 mM, pH 7.2). These scrved as the stock isolates. The microbiall‘ stocks (3 ml) were

suspended in 20 ml MS containing the respective previously used carbon sources. The culture
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flasks were wrapped with foil and incubated for 7 days with shaking at intervals. This enéured
maximum adaptation of the microbes to the carbon source used. ‘At the end of the adapté{tion

1

period, the cells were cold harvested again, washed twice in sodiuri__a phosphate buffer (50 mM,

pH 7.2, 4°C) and resuspended in 10 ml of sodium phosphate t}uf‘f’er. These were labe:"'!ed
“adapted stock”.

|l

Bacteria were isolated from the “adapted stock” by culturing on nui_;ient agar plates for 48 h

1

'

This medium supports the growth of a wide range of bacteria. Isolates were picked from th

e

1

plates and purified by sub-culturing on nutrient agar plates by streaking. Purified isolates weré
' |

stored on nutrient agar slants property labeled as “Purified isolate”.

3.2.4 SCREENING AND SELECTION OF BEST HMW PAHS_ DEGRADING i
BACTERIA : o
In order to screen the isolates for the best HMW PAHs degrading bac£¢da, purified isolates !
were plated on solid MS agar containing the respective HMW PAHs(c&;ysene, ﬂuo.rarllthene.
and pyrene) as the sole carbon and energy source by spra‘y-plate technique (Survery ef ai.,

2004). Culture plates were wrapped in foil paper and black po]yethyl;ene bag, and .t,hen

incubated in the dark at 30+2.0°C for 14 days. Contrbl MS plates free of IHMW PAHs wére
included. Bacteriél colonies which formed cleared zones on the HMW PAHs coated plates \
wére selected as HMW PAHs degraders. They were further screened by subjecting the selécted

isolates to growth on respective HMW PAH MS broth, evaluating the tufbidity of media

(ODegonm) and subsequent growth on replica HMW PAH MS agar plate (Supaka ef al,, 2001).

These were compared to control MS broth without HMW PAH.
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3.2.5 IDENTIFICATION OF THE SELECTED HMW PAHS DEGRADING
BACTERIA
Biochemical and morphological studies were undertaken to partially identify the selected

HMW PAHs degraders according to Holt et al., (1994) and Barrow and Felthanm (2003).

Gram Reaction
A thin smear of each of the isolates was prepared on a clean §lide. It was air dned and heat
fixed by passing it horizontally through a Bunsen flame. The smear was flooded with crystal

violet stain for one minute and rinsed with sterile distilled water. Lugol’s iodine was then

poured on the smear for one minute before washing gently with sterile distilled water. The

iodine is a mordant; it fixes the crystal violet stain more firmly ihto the cell. The smear 'Iwas
then decolourized with absolute alcohol continuously until no morLe crystal violet was left gnd
immediatlely rinsed with water. The slide was counter stained wnth safranin for 30 sec. ’I::'he
slide was drained, washed, blotted dry with a piece of filter paper an(lj finally allowed to air dry.

1t was then examined under oil immersion lens of a light microscope at x100 magnification.

}

Gram positive organisms were characterized by retention of the purple colour of the basic staih

while Gram negative organisms showed reddish pink colour. !
Motility Test
This was carried out by hanging-drop method. Each of the bactenal isolate was grown ini

nutrient broth at room temperature for 24 hr, A drop of distilled water Was placed in the center |
of a slide using loop. A small portion of the bacterial culture was transferred to the distilled |

water and mixed thoroughly. A circular wall was made around the depr.‘_essed of a cavity shde
using vaseline. A loopful of the mixture from the ordinary slide was transferred to the coverslip

and pressed down gently to make an air tight seal. The slide was carefully re-inverted and
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examined under oil immersion lens of the light microscope. Motility was observed as

movement of cells in various directions. , : {

Catalase Test

Catalase test is dependant on the presence of an enzyme catalase which breaks down:hydrogen

peroxide releasing oxygen. A suspension of the organism was made on a clean glass slide and a

1

few drops of hydrogen peroxide added. Production of gas bubbles indicated a positive result.
: | !

Oxidase Test A : .:‘. .
Small pieces of the filter paper were soaked in 1% aqueous tetramethyl phenylene&iamine
dihydrochloride. Fresh culture of the isolates were picked wii.h a sterile platinum wife and

rubbed on the filter paper. A blue colour within 10 sec indicated 4 positive result.

Indole Test . i

t
L

This test was a demonstration of the ability of isolates to decompose an amino acid, tryptophan
' i
to indole. The bacteria cultures were grown in peptone water for 48 hr at room temperature.

Kovac’s reagent (0.5 ml) was added to the culture. Development of a rose pink colour wasﬁan

indication of indole production,

Methyl Red Test

This test showed the production of an acid during the fermentation oé glucose such that the pH
) 1

of the culture was sustained below the value of 4.5 as shown by tlhe colour change of thél

methy! red indicator added at the end of incubation period. Each isolate was inoculated in $ ml‘f,

Methyl-Red Voges Proskauer medium (MRVP) and incubated for 3 dafgs at room temperature. ‘1

Five drops of methyl-red (0.4%) were added. Red colour indicated a i)ositive reaction while "-]

il

yellow colour indicated a negative reaction.
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Voges-Proskauer Test : . |

This reaction was dependant on the production of acetoin from giucose, which was then
> [

oxidized by the addition of alkali to diacetyl, resulting in a pinkiéh colour. Isolates were
inoculated into MacCartney botties: containing MRVP medium and incubated for 2 days at
|

room temperature. 1 ml potassium hydroxide (10%) was added, éach bottle left at room

temperature for 1 hr. Pink colour indicated a positive reaction and negative reaction was
' I
indicted by no colour change. ‘
. ! [

L

Gelatin liquefaction
|

Tubes of sterile nutrient gelatin were inoculated with the cultures and incubated at room

temperature for 48 hrs. The tubes were then put in the refrigerator for 24 hrs at 5°C and failure
1 ’ l

of the medium to solidify indicated production of gelatinase.
Citrate utilization ;‘

Slopes of Simmon’s citrate were inoculated by streaking the isolates on the surface. The agar
slopes were incubated at room temperature for 24 hrs. Positive reaction was shown by a change

in colour of the agar from green to blue. Organisms unable to utilize citrate as their source of

carbon did not grow. : ;

Urease activity . - g

Slants of Christensen’s urea were inoculated with isolates and incubated at room temperature

for 5 days. The production of red colour showed a positive urease. , :
i‘

Sugar fermentation (Brome cresol purple indicator) j , r
Sugar-indicator peptone water base (5 ml) in test tubes were tyndallis!éd for 3 days at 100°C fcISr |
30 min per day. The test tubes were inoculated with 24 hrs old bacterﬁal cultures and incubate}d

at room temperature for 48 hrs. Positive reaction was shown by colour change from purple to
' , I

yellow. Durham tubes placed in the medium were also observed for presence of gas. ;
= i
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3.2.6 DETERMINATION OF THE GROWTH OPTIMAL pH AND
TEMPERATURE OF THE SELECTED HMW PAHS DEGRADING
BACTERIA |

Growth of the isolates at different pH was determined by adjusting the pH values of differel’m

nutrient broth media to pH 2.0 - pH 9.6 using 0.IN HCL and 0.1 N NaOH solution. The

medium (10 ml) were dispersed into test tubes before autoclaving. Aﬂer autoclaving, the pf-li

values were rechecked. The test tubes were inoculated with the test c%ultures and incubated a{

3042.0°C for 48 - 120 hrs.in water bath. Tubes containing steriIized;{lO ml of nutrient brothi‘

were inoculated with respective isolates and incubated in water bath setl“ at temperature range of I:

20°C - 65°C to determine growth of isolates at different temperatures.lfurbidity (ODgoonm) Of

test broths were compared with the non-inoculated broth controls. Valuéls for test culture media

were recorded.

3.2.7 GROWTH POTENTIAL OF THE SELECTED ISOL%H-"ES ON LIQUID
HYDROCARBONS
Growth of the respective isolates on liquid hydrocarbons v«;ere evaluated_‘by growiné eécﬁ in
sterile 250 ml Erlenmeyer flasks containing 99 ml MS and various sterile substrates (1% 'v/v)
whi.ch included hexane, xylene, toluene, phenol, benzene, diesel, kero;ene, crude bil ‘and
engine oil (llori and Amund, 2000). Incubation was carried out at 30%2.0°C for 7 days.
|

Turbidity (ODsoonm) of test broths were compared with the non-inoculated broth controls.

Cultures without increase in turbidity over initial optical density and optical ldensity of the non-

. inoculated control were scored as no growth (-) while cultures with increased turbidity

significantly greater than the control were scored as growth (+). The growth fate was expressed

as percentage hydrocarbon degradation.
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3.2.8 GROWTH POTENTIAL OF THE SELECTED ISOLATES ON DIFFERE;NT

T

PAHS
Spray-plate technique was followed for this purpose as described I'by Kiyohara et al., (1983)
and Survery et al, (2004). The PAHs used are naphthalene, ?nthracene', phenamhre;le,
chrysene, pyrene and fluoranthene. PAHs solution (0.1% w/v PAH éthyl acetate) was spray{ed

onto the surface of MS agar plate aseptically. The ethyl acetate was evaporated leaving behiﬁ:d

¥

a thin film of PAH on the agar surface. Overnight culture of respective isolates was spotted on
)

the MS agar plates, incubated in the dark at 30+2.0°C for 14 days. Tbe appearance of growth

on the plates indicated positive test, these were scored and compared to control non-PAH MS

3

agar plates. Growth rate on the solid PAHs was evaluated as zone clearance on MS PAH agar'.;.

plate and colony formed as compared to control expressed as percentage PAH degradation. - .

.
|

3.2.9 BIODEGRADATION OF HMW PAHS ':

Biodegradation of single HMW PAH (chrysene, fluoranthene and pyrene) were set up
(Nwachukwu er al, 2001; Supaka ef al/, 2001) using the isolates individually and as
consortium. Biodegradation of mixture of the HMW PAH and mixture of the HMW PAH in

the presence of phenanthrene were also studied using the degraders also individuaily and as

consortium.

PREPARATION OF STARTER CULTURE

Bactenal celis selected as best HMW PAHs degraders were inoculated into | 10ml nutrient broth
respectively and incubated for 48 hrs. Growth cultures from nutrient brothlﬂ were readapted to
HMW PAH utilization by growing in sterilized 20 ml of respective MS HMW PAH broths and

incubated for 7 days at 30+2.0°C. The cells were cold harvested, izvashed twice by
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centrifugation at 4000x g, 4°C for 15 min and suspended in 10 m] sodium phosphate buffer (50

mM, pH 7.2). The harvested cells were used for the HMW PAHs degradation experiment.

BIODEGRADATION OF SINGLE HMW PAH BY INDIVIDUAL lS(:)LATES

The isolates were used individually to biodegrade single HMW PAH (chrysene, fluoranthene
or pyrene) using it as solé carbon and energy source. MS media (20 ml, pH 7.2) were put into
clean 250 ml Erlenmeyer flasks containil;lg evaporated HMW PAH ( 100 .lpg/ml). The media

were sterilized and inoculated with 3 mi (10% cells) of the starter culture. These were foiled and

incubated in the dark at 30+2.0°C, shaking at intervals. This set up was designated’

“Expertmental” (E).

Two controls (C1 and C2) were also set up to evaluate the role played by the test isolate in
biodegrading the HMW PAHs. C1 consisted of the same materials present ;Iin E but without
HMW PAH while C2 contained all the materials in E with no test bacteria inénculﬁted and was
designed to evaluate the role played by contaminants picked from the Iaboratbry environment

where the study was carried out.

Biodegradation test were set up in duplicate for 8 days, with samples taken at I;48 hrs interval.
Biodegradation of the HMW PAHs was assayed by determining the microbial popuiatiorn
density measured spectrophometerically as optical density at- wavelength 600nm (ODgoonm),
total viable count (TVC) of the organmisnis by épread plate technique on nutrient agar plate, pH
of the media and residual HMW PAHs using HPLC (Clemente e/ dl., 2001). Alll samples for

HPLC were extracted with S ml of ethyl acetate and filtered before chromatographic

separation. :
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BIODEGRADATION OF SINGLE HMW PAH BY BACTERIAL CONSORTIUM .

The same procedure in biodegradation of single HMW PAH by individual isolates",‘ was
undertaken but the HMW PAHs degrading bacteria were used as a consortium to degrade the

b
i

single HMW PAH using it as the sole carbon and energy source. - ;

BIODEGRADATION OF SINGLE HMW PAH BY BACTERIAL CONSORTIUM

IN THE PRESENCE OF PHENANTHRENE |

|

The same procedure in biodegradation of single HMW PAH by -individual isolates was",

undertaken but the HMW PAHs degrading bacteria were used as a consortium to degrade the'

single HMW PAH using it as the sole carbon and energy source in the presence of :".

phenanthrene as co-substrate.
BIODEGRADATION OF MIXTURE OF THE HMW PAHS BY INDIVIDUAL

ISOLATES

The same procedure in biodegradation of single HMW PAH by individual isolates was
undertaken but the HMW PAHs degrading bacteria were used individually to degrade mixture

of the HMW PAHs using them as carbon and energy sources. .

BIODEGRADATION OF MIXTURE HMW PAHS BY BACTERIAL CONSORTIUM
The same procedure in biodegradation of single HMW PAH by individual isolates was
undertaken but the HMW PAHs degrading bacteria were used as a consortium to degrade

mixture of the HMW PAH using them as carbon and energy sources.
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BIODEGRADATION OF MIXTURE HMW PAHS BY BACTERIAL CONSORTIUM T
IN THE PRESENCE OF PHENANTHRENE

L3 A
LI

The same procedure in biodegradation of single HMW PAH by individual isolates was ‘

undertaken but the HMW PAHs degrading bacteria were used as a ¢onsortium to degrade ‘

mixture of the HMW PAHs using them as carbon and energy sources in the presence of
phenanthrene as co-substrate. \
[ . '

3.2.10 ISOLATION OF CATECHOL DIOXYGENASE

s Lo . S b
3.2.10.1©  PREPARATION OF CELL EXTRACT - h '

LI
<k

Isolates were grown at 30+£2.0°C in five separate 200 ml aliquot_sl:of MS containing -

f i

fluoranthene as the growth substrate. After the cultures had grown toii an optical density

et i, w=v T -

(ODéogum) of 1.6, the cells were harvested. Cells were removed by c;éntriﬁilga.tion at .4,000><' g

4°C for 20 min. The pellets were resuspended in Tris-HCI buffer (50 mM, pH 7..5). After
. Ly .

—— ————

another centrifugation at 4,000x g, 4°C for 20 min, the cells were shspeniiéd ih 9 ml of the

same buffer. Disruption took place in cold homogenization with glass beadé. Cells deiaris was

i m

removed by centﬁfuga_tion at 10,000 g, 4°C for 20 min and ‘the supernétént removed by

decanting. The supernatant was used as the crude enzyme extract. 5

. B A

3.2.10.2 ENZYME ASSAY ‘

The HMW PAHs degraders were evaluated for catechol dioxygenase activify. Catechol 1,2-
S

dioxygenase was determined (Briganti ef @l, 1997) as the increase in absorbance at 260nm

(corresponding to the formation of cis,cis-muconate at « of 26,000 liters/mol - ¢m) measured in

a silica cuvette with a 1.0-cm light path. One unit of aétivity was defined as the amount of

JEEIN P Y

enzyme required to form 1 pmol of product per min under the conditions of the assay. Catechol :

- 37



)

"

P
L

2,3-dioxygenase was measured by a modification of the mefhod of lfl\le}aki(Kaschabelg etal,
1998) as the increase Vin' absorbance at 375nm (correseonding | ‘ito . ~the formation of 2-
hydroxymuconic sem1aldehyde at « of 36,000 llters/mol “cm) meaeured Im a silica cuvette w1ttll
a 1.0cm light path. One unit of activity was deﬁned as the amount of enzyme requ;red to form
1 pmol ef-product per min under the conditions of the assay. | : | .

The reaction mixture contained 50- pmol of phosphate buffer (pH I--7.5) and 0.1 pmol of

catechol ina total volume of 1 ml, : - ' [

L

L

3.2.10.3 PARTIAL PURIFICATION OF CATECHOL DIOXYGENASE
All enzyme purification steps were carried out at 4°C in duplicate. Protein concentrations were .
. ]

determined by the Bradford method using crystalline bovine serum albumin"as pretein standard

as described by Jayaraman (1992).

AMMONIUM SULFATE PRECIPITATION

Ammonium sulfate (NH4);SO4 was added to crude enzyme extract (10 ;_ml) with_eenétant
stirring to give 40% saturation. After 30 min of equilibration, the precipitate was cellected by
centrifugation at 8,000x g, 4°C for 20 min. The pellet was dissolved in Tli,LiS-HCl buffer (50

mM; pH 7.5) to give a total volume of 3 ml and the resulting protein solutioig was deselted By

i

dialysis.

DIALYSIS

X
The crude enzyme extract (3 ml) from ammonium sulfate pre(:lpllaUOﬂ process was placed in
dialysis bag. The extract was dlalyzed against Tris-HCI buffer (50 mM; pH 7 5) The set- up

was allowed to stand in the reﬁ‘igera_tor for 5 hrs after which the buffer soli.ntior;-was replaced
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were evaluated.

and kept in the refrigerator for further 24 hrs. The dialyzed crude enzyme extract was made up

to 3 ml with Tris-HCI buffer (50 mM; pH 7.5).

DEAE-SEPHADEX A-50-120 ION-EXCHANGE CHROMATOGRAPHY

E
;

Dialysed sample (0.5 ml) was applied to anionic-exchange column DEAE-Sephadex A-50-120 1
(1.4 x 33 cm). The column was pre-equilibrated with buffer A and' flow rate adjusted to
3.0.ml/min. Catechol dioxygenase was eluted with buffer A containing NaCl in a linear ;

gradient from Oto IM. Absorbance at 280nm was read and fractions containing the highest
level of enzyme activity were pooled. , o : S
»

)
o S o
o T4

3

- GEL FILTRATION SEPHADEX (:-25-300

_ J R

The pooled supematants from DEAE Sephadex A-50-120 ion-exchange chromatography were

subjected to gel filtration using Sephadex G-25-300 (1. 5 x 34 cm) pre-equlllbrated vnth buﬁ'er
A containing 200 mM NaCl and flow rate adjusted to 1.0 mi/min. Fractions of 1 ml were

collected for the determination of the catecho! dioxygenase activity and absorbance at 280nm

4

32,104 PARTIAL CHARACTERIZATION OF CATECHOL DIOXYGENASE

The moiecular wenght of the catechol dioxygenase was determmed In addltnon, the eﬁ'ects of

temperature, pH, metal ions and catechol concentration on the isolates catecho] dioxygenase

¥
MOLECULAR WEIGHT OF THE CATECHOL DIOXYGENASE ENZM _
The molecular weight of the catechol dloxygenase of the isolates was determmed through gel

filtration using sephadex G-25-300. This was achleved by subjecting a mlxture (10 pg each) of '

1
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lyophilised catechol dioxygenase fractions from gel filtration (sephadex G-25-300) and known
molecular mass proteins to gel ﬁltfation using sephadex Gi25-300. The protein markers used
were chicken egg lysozyme (Mr 14,000), chicken egg albumm (Mr 43,0600), bovme serum
albumin (Mr 67 000) and catalase (Mr 240, 000). Elution vo]ume for each protem standard
plotted against its relative molecular mass was used to extrapolate the molecular maqs of the
catechol dioxyggnase enzymes. - o - _ \
‘.
EFFECT OF TEMPERATURE ON ENZYME ACTIVITY | 'i_ .
Effect of tempefature on catecho] dioxygénase- activitf{ was -e;:timated at temperéture ':rang'é
20°C - 80°C The enzyme (10 pg) was incubated with catechol (0 1 pM) in sodium phosphatc
buffer in adjusted water bath for 30 min after which enzyme actwaty was evaluated. P
EFFECT OF pH ON ENZYME ACTIVITY 1 l‘ '
. . o

The .optimum pH of catechol dioxygehase of isolates were determined by measufing enzyfne
. b

activity aﬂer 10 pg of enzyme was incubated with catechol (0.1 pM) at different pH values of
the reaction mixtures for 30 min. The pH was adjusted with 2 N NaOH or 2 N HC[ The
various buffers used for observmg the effect of pH on the enzyme actlv:ty were 50 mM c1trate‘_

.? ’ . \
buffer (pH 3 - 6), sodium phosphate buffer (pH 7 - 8) and glycine-NaOH buffer (pH 8.5 to 10). :

o

EFFECT QF METAL IONS ON ENZYME ACTIVITY | o | | \‘
To assign the metal of the catecho! dioxygenase, reconstitution studies were carri;ag ;_)ut. ':I"he'v
enzyme (200 pg) was dialyzed for 5 hr at 4°C against lliter of Tris-HClt'f_buﬂ‘er ( IOOmM, pH
7.5). Aliquots of 10 ug of protein were incubated with catechol (0.1 pMi for 15 min at room

temperature in the presence of 0.1 mM metal ion such as Mg, Co™*, Ni**, Mn’-”, Fe?*, Fe** and
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also ethylene diamino tetraacetic (EDTA) Thereaﬁer the enzyme acnvnty was determmed and

compared w1th enzyme activity of a sample without an added metal ion. 1

t

KINETIC CONSTANTS DETERMINATION f .
: ‘ . _ }
Kinetic constants for the isolates catechol dioxygenase were determined using concentrations

varying between 0.1 pM and 10 pM of catechol in buffer A at optifnum temperatujre and

] ;
pressure. The Michaelis-Menten constant (Kr,) and maximal velocity (Vmax) were determined

using the method of double reciprocals (Jayaraman, 1992). All catechol dioxygenase activity |

values are provided as the means of three replications.

3.2.11 PLASMID DETECTION, CURING AND BIOTRANSFORMATION
In order to evaluate the role played by plasmid in HMW PAHs degradatlon, the 1solates were

- '.

evaluated for possession of plasmld Thereafter, their plasmids were cured. In add1tlon, the

E

potential of the HMW PAHs degrading bacteria to transfer theirﬂH_MW PAHs degradatipn

plasmid to non-plasmid habouring organisms were evaluated by biotrl‘_ansfoﬁnation process.

All isolates used (original isolates, cured and biotransformed) were evaluated for HMW PAHs
. P

L

degradation and tetracycliné selectivity by streaking on tetracycline selective medium. :
L - o

EXTRACTION OF PLASMID S T
. . . ! ] . .. ‘ L. {
The method adopted for plasmid isolation and detection was as described by Kado and Liu ;,

(1981). Bacteria cells were cultured in Lauria Bertani (LB) broth for 18 hrs, the medium.

1

centrifuged at 9,000 g for 5 min and the supernatant removed. The pellets were then °

suspended in 200 ul of buffer E (40 mM Tris and 2 mM EDTA) the eppendorf tubes 'J

equilibrated on ice for 10 mm, then centrifuged and supematants collected
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Lysing buffer (400 pl, 4% SDS and 100 mM Tris) was ztdded to the supernatant- mixed by
inverting the tube until the solution became slimy. Buffer F“(3OO ;,tl, !3M sodium acelete at pH
5.5) was then added to the mixture, vortexed for 10 sec and incubated on ice for 30 l‘nin then
centrifuged at 10,000x g for 15 min and the supernatant transferred into another ep};_endorf
tube. Chlorofon'n (700 wl) wds added to the supernatant and tvortexed to remove 'imph___rities..
This was done twi_ce to ensure complete removal of all the impur__ities. The supemetanft:?_ was
later separated by gentie aspiration; this was done w1th the :.lse of a micropipette. ‘;I'he '
supernatant obtained was the solution containing the bacterial DN A' 1 | . | :"._, -
Absolute ethanol (1 ml) was then added to the supematant to precxplt;te the DNA aﬂer wluch
1ncubat|on was carrled out for H hr on ice to ensure complete precnpltatlon ‘The solution wa?
centrifuged at 4000>< g for 30 min and decanted to retam the DNA pellets Ethanol (1 ml 70%)
was then added to the pellets to wash away the effect of the buﬂ" ers that were prevnously added ‘\
and then centrifuged at 4000! g for S min. The solutlon contammg the DNA pellets and the !
ethanol was removed from the eentnﬁ.uge decanted and rinsed again With 70% ethanol 10 |
completely wash away all the buffers. The supernatant was rinsed off and the DNA pellets _
were air dried by ensurmg that the eppendorf tubes attained 2 slanted posmon 1nclmed at an
angle of 45°C to the horizontal. | |

The pellets after air drying were then dissolved in 60 ul of Tris EDTA buffer (TE l?uﬁ'er) at

room temperature for 5 min after which they were stored at -20°C.

AGAROSE GEL ELECTROPHORESIS . - "x. N

Agarose gel (0.8%) was prepared and 2 drops of ethidium bromide was added to it and swer\led

1o
AL

gently on the bench for some minutes. The agarose gel mixture was then loaded onto
' 7 V V . '? '3

Velectrophoretic slab till it gelled properly. Subsequently, a comb was inserted into_ the
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electrophoretic slab and removed after the agarose solidified "creatiog wells on the gel. The

samples and DNA molecular markers were mixed with bromopheno] blue and then loaded into

the wells. The electrophoretlc tank was plugged to the electrophoresxs power pack (Thenno EC

i
machine) and the samples in the wells were allowed to run for about an hour or untll the

samples migrated ﬁﬂly from the negative pole (since DNA is ncgatively charged) to the

positive pole. The gel was then removed from the tank and placed on a UV-transilluminator

and photographed with polaroid film.

PLASMID CURING

To ascertain whether degradation of the HMW PAHs was mediated by chromosomal or extra
chromosomal DNA, the isolates plasmids were cured by chemical agent, Sodium deodec‘yl
_ : P
sulfate (SDS) (El-Mansi et al., 2000). An SDS solution (10% w/v, pH 7.4) was prepared with

. S
LB (double strength), this was further diluted to 10 ml in MacCarthey bottles with distilled

H,0 to give 5, 4, 3, 2, 1'and 0.5% SDS in the LB. An inoculum of 100 pl of the isolate was
ther used to seed the SDS-containing LB and the cultures were in'cubated overnight with”

shaking at 37°C untll growth became visible, as evidenced by turbnd:ty
Aliquots from the highest concentratlon of SDS that still allowed bacterial growth were senally

diluted and spread onto nutrient agar plates and incubated at 37°C for 48 hrs. Indnwdual
l
colonies that developed were thereaﬁer evaluated for HMW PAHs degradatlon and tetracyclme ".L

sensitivity. Colonies that proved unable to utilize the HMW PAHs as sole carbon and energy

i . ‘.}

source were evaluated for the presence of plasmid and tetracycline sensmwty

¥

e T T
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BIOTRANSFORMATION

Biotransformation (m vivo direct gene transfer) was performed by method of Sabeen et al.,

2004). The donor organisms were the onginal HMW PAHs degraders while the recrprents were

the cured isolates and two other soil orgamsms cured of their plasmlds which were E coli and

Klebsiella. Donor and recipient cultures were grown separately in LB broth at 37°C for 24 hrs
Next day both cultures were inoculated in fresh LB broth separately and mcubated w1th
shaking at 37°C for 24 hrs. Donor and recipient cultures were mixed 1n1 '10 ratro and mcubated

again at 37°C for 24 hrs. Tubes contents were then centrifuged at 4 000>< g 20 min, supematant

discarded and loopﬁrll of pellet were evaluated for HMW PAHs degradatton potentral and _‘

l
y :

streaked onto tetracycline selective medtum.

e ke

3.2.12 BIOSURFACTANT PRODUCTION oy

A bacterial strategy which mfluences hydrocarbon transfer between eell and medrum 1S the; ‘

release of brosurfactant The HMW PAHs degrading bacteria were evaluated for productron of '

1

" biosurfactant by two methods; emulsification index (E24) and haemolyttc assay (Ilon and :

Amund, 2001; Moraes e/ al., 2002) by growing isolates on varying quantmes of chrysene and

diesel oil respectively. : : i

GROWTH CONDITIONS UTILIZING VARYING QUAN'I‘IT]ES OF CHRYSENE
AND DIESEL OIL RESPECTIVELY AS THE SOLE CARBON AND ENERGY
SOURCE | i |

The growth on varying quantities of chrysene and diesel oil respectwely and concomitant

production of biosurfactant by the HMW PAHs degraders were evaluated ‘over a time course.

44 !
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 The MS media contained per liter (pH 7.2) NHiNOs, 4.0 g; Na;HPO,, 2.0 g; KHP0s, 0.53 g;
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K280, 0.17 g, MgS0Q..7TH;0, 0.10 g and trace elementn (Nor1 and Amund, 2001) Varymg

quantities of chrysene (1.5mg, 2.5 mg and 5 mg dissolved in ethyl acetate) and d:esel oil (3% .

.

5%, 15% and 30% v/v) respectively as sole carbon source were added in duplicate into 250 ml

3
[y

Erlenmeyer flasks containing sterilized 50 ml MS. The ethyl acetate was allowed to evaporate

before the MS was added. Starter cultures (3 mi) were itlloculatedfimo the media. Chrysene

|

i ‘ - {I
culture flasks were foiled to prevent photolysis. The inoculated flasks were incubated at

30+2.0°C and shaken at interval. Growth of isolates was détermine%i at 24 hrs interval for 7
. o i

days by monitoring total viable counts (TVC) and the optical density (ODsoomm). Non-carbon

source media were also incubated and analyzed. Measurements werc carried out in triplicate. .
l _

EMULSIFYING ACTIVITY MEASUREMENT . .
. - 7

After 7 days of incubation, culture broths were made cell free by centrlfuganon at 10,000x g,

10 min, 4°C and heat sterilized. Cell free extracts (2.0 ml) were, vortex with 2 0 ml n-
hexadecane in a test tube and left undlsturbed for 24 hrs. The emuls:ﬁcatlon index (lé24) was
determined by measuring the volume occupied by the emulsion formed in the test tubes
Results are expressed as the percentage volume occupied by the emulsnon (I[on and Amund

2001, Moraes et al, 2002).. Emulsifying activity was also measpred agamst dlﬂ'erentr’-,.

hydrophobic sources (kerosene, diesel oil, engine oil, dodecane, ! xylene an& hexane).

T

Emulsifying activity measurement was repeated using the bacterial cells.?

[
i

*
LN

HAEMOLYTIC ACTIVITY B
Zones of clearance on blood agar plates have been used as a repid method for screening
microorganisms for potential biosurfactant production (Lin, 1996). This was undertaken to

confirm the production of biosurfactant by the HMW PAHs degrading biac_teria. The bacterial B
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cells from chrysene and diese] oil growth media respectively were piated_ onto blood agar blate' '

and incubated at 30+2.0°C for 48 hrs (Bicca et al., 1999, Tibatabaee ;et al., 2005). '

DATA ANALYSIS .. .

i
i

t
t

S

1

The experimental assays were done in triplicates, unless otherwise stated. Statistica[ly'

significant difference (p<0.05) was determined using Student’s t-test. Results aré éxpre'ssed as
" - T . 4

MEAN =+ SEM (Standard Error of Mean). These statistical analyses were done using -Statilsti_cial

Package for the Social Sciencel1.0 for windows (SPSS 11.0

46
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CHAPTER FOUR

4.0 RESULTS

¥

4.1  SOIL SAMPLE SITES AND DISTRIBUTION OF PAHS IN SOILS

In this study, soil samples from locations of potential sources of polycyclic aromatic -
hydrocarbons (PAHs) were selected for seeding HMW PAHs degraders. These are Eleme
refinery, Portharcourt and coal mining site (Onyeama mine), Enugu, located on the eastern

part of Nigeria while wood processing . site, Oshod§ and diégl—power—generato} site in '
| Y ‘

Lagos are located on the Western part of Nigeria.

The soil samples were found to contain both high molecular weight PAHs (HMW PAHs)

and low molecular weight PAHs LMW PAHs which mclude chrysene, ﬂuoramhrene

pyrene, anthracene and phenanthrene (Fig. 4.1 A and B). 'I’he concenu-atmns of chrysene, .

fluoranthene, pyrene and phenanthrcne obtained were \as follows For Elcme reﬁnery,
PortHarcourt:. chrysene (45.21 ug/g), ﬂuoranthene (57. 01 He/g), pyrene (46.35 p.g/g) and )
phenanthrenc (50.37 pg/g) Coal mining site (Onyeama mine); chrysene (157 21 ueg/g),

fluoranthene (10.83 pg/g), pyrene 0.0 ug/g) and phenanthrene (00 pg/g) Wood |

processing site; chrysene {58. 23 ug/g), fluoranthene (15 82 p.g/g) pyrene (7. 57 ug/g) and ;

phenanthrene (14.01 pg/g) while for dlesel-power-generator site; ch_rysene (70.97 ;_L_g/g),

fluoranthene (96.78 pg/g), pyrene (50.29 pg/g) and phenanthrene (43.69 ug/g).
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Fig. 4.1A. HPLC chromatograms showing the distribution of. polycyclic aromatic

hydrocarbons in soil samples. A = Refinery soil sample, B= coal mining soil sample.

Key:

Y = Phenanthrene

IV = Pyrene

II = Anthracene IH = Fluoranthene

= Chrysene
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Fig. 4.1B. HPLC chromatograms showing the distribution of poiycyclic aromatic
hydrocarbons in soil samples. A= wood processing soil sample, B= diesel oil ~power-

generator soil sample.
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I = Phenanthrene H = Anthracene -1 = Fluoraﬁ:lthene
1V = Pyrene V = Chrysene
|
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4.2 ISOLATION AND ADAPT ATION OF HMW PAHS DEGRADERS
. \ :
Serially diluted soil samples 1noculated into MS HMW PAHs (chrysene pyrene and f
ﬂuoranihene) medla showed mlcrobnal growth and utxhzahon of thc HMW PAHs as sole
carbon and encrgy source as indicated by increases in turbidity of the test growth media
§ ! 4

compared to controls. Twenty seven isolates were isolated as HMW PAHs ‘degraders.

These are the “purified isolates” and a representation of the four sampling sites. {

4.3 SCREENING AND SELECTION OF BEST HMW i’AHS DEﬁRADING
BACTERIA ‘ _ - }‘. ' |

_Six bacterial isolates (6) were selected out.of the 27 isolates‘;\ as the bcst HMW PAHs |

degraders; They were able to grow appreciably on the threé\ HMW PAHS (chrysene,

fluoranthene a!md pyrene) respectively. They were selected basec|l\ on clcargd Zones on MS.

HMW PAHs agar and increased turbidity of MS HMW PAHs m\led.ia combared to control
. i ] -

i 1
and other isolates. :

\
4.4 IDENTIFICATION OF THE SELECTED HMW PAHS DEGRADING BACTERIA
Based on morphological and biochemical identification studles on the selected best I-IMW
PAHs degraders such as Gram reaction, ccllular morphology, catalase, oxxdase mdole
motility, methyl red, voges-proskauer, citrate, urease, starch hydrolysns, gelatm hydrolysis,
NO; reduction, coagulase test, spore test and sugar uﬁlization, the 6 bacteria iégl_ga@s were
idéntiﬁed as Acinetobacter anitratus, Acinetobac?er mallei, Alcalig_eneﬁ Jaecalis, .

l

Sphingomonas pauc:x‘mobih‘s,. Pseudomonas arvilla and Pseudomonas putida (T. ables.!_ 4.1 aand
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Table 4.1a.  Biochemical and morphological properties of the selected HMW PAHs

[

degrading bacteria I | I

PARAMETER RESULTS OBTAINED
TESTED : :

| Gram - |-

£

Cellular Coccod  |Rods . | Rods Rods - Rods | Rods
morphology | rods - ' '

|
b
: : i l
reaction . : ' - o |
|
|
i
| . E
Catalase |+ + + + i

Oxidase - 1- : + +

| Indole y -

Motility - ' - " + +

Methyl red - | - “

Voges- - -
Proskauer

e Citrate + + RE:

Urease + ¥ -

: ' R
Starch - ' - ‘ - o ' - T
hydrolysts : ' ' l

Gelatin - -
‘hydrolysis

|

Probable Acinetobacter | Acinetobacter Alcaligenes | Sphingomonas | Pseudomonas | Preidomon ‘ls
Identity anitratus mallel Juecalis Paucimobilis arvilia A putidu il
' ) ) a4, . S A S | -

Key - = Negative reaction + = Positive reaction * ' i

" ! . [l
) : '
el

i

{

| !

51 \
|




*5\

s

Table 4.1b.  Biocheniical and morphological properties of ti.¢ selected HMMW PAHs

degrading bacteria Contd.

¥

PARAMETER
TESTED

RESULTS OBTAINED

NOj reduction

Coagulase test

Spore test

Mannitol

Glucose

Xylose

+ o+ +]

Lactose

Sucrose

Raffinose

Arabinose

Maltose

Galactose

+

Salicin

Probubie
Identity

Acinetobacter
anitratus

Acindobacter
malflei

Alcaligenes
Suaecalis

Sphingomonas
paicimobilis

Pyeudomonas
arvillu

Pseadomonay

putida |

Key

- = Negative reaction

+ = Positive reaction
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Fig 4.8. Residual fluoranthene during degradation of fluoranthene by
individual isolates
~- 8. paucimobilis -u- Ps. arvilla \
— Ps. putida -~ C1 (no fluoranthene + isolate) ‘

——C2 (fluoranthene + no isolate)

Log total viable count (Log TVC)

4§

T T

|
|
| | |
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Fig. 4.9. Growth of isolates during degradation of fluoranthene by \
individual isolates
—~— 8. paucimobilis -u-Ps. arvilla

—— Ps. putida - C1 (no fluoranthene + isolate \
~%- C2 (fluoranthene + no isolate ' ‘
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4,5 DETERMINATION OF THE GROWTH OPT]]VIAL pH AND

TEMPERATURE OF THE SELECTED HMW PAHS DEGRADING

BACTERIA
Isolates were incubated at diﬁ'e'reritipH and temperature range té) defe}mine the éppropﬁate'
pH and temperature that best suppo;_ts the isolates growth.
451 GROWTH OF | THE | HMW PAHS DEGRADINGl'._ BACTERIA AT
DIFFERENTpH .

Growth of isolates at various pH (Fig. 4.2) showed that the isolates were found not to grow

il

|

at pH range of 2.0 — 4.9. They all had growth above 0.2 (ODsoonm) at pH range of 5.0 < 9.6 °

and growth at these pH were significantly (P<0.05) higher than at pH 2.0 — 4.9. At pH
range 8.1 ~ 9.6, Ps. putida showed é,igniﬁcantly greater growth than the other isolates.

However, pH range of 7.1 - 7.5 best supported the isolates growth.

452 GROWTH OF THE HMW PAHS DEGRADING 'BACTERIA AT

DIFFERENT TEMPERATURE

A. anitratus, A. mallei, A. faecalis, S paucimobilis, Ps. arvilla and Ps puuda grew -

significantly (P<0.05) at temperature range of 20°C - 40°C (Fig. 4.3). At 4§°C, A. faecalis,

Ps. arvilla and S. paucimobilis showed loi.vered growth compared to A. anitratus,.4. mallei

4

and Ps. putida which grew significantly (P<0 05) as observed by the turb:d:ty of the CUlture

media. Ps. put:da was the only degrader that grew sngmf icantly (P<0.05) at 55°C At 6S°C

none of the degraders showed sxgmf‘ icant gmwth
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The low molecular werght PAHs (anthracene, naphthalene and phenanthrene) were

The high molecular weight PAHS' chrysene Qas degraded at 100%; 80%, 80% '70% 60%

4.6 GROWTH POTENTIAL OF THE SELECTED !SOLATES ON . LIQUID.I

k

HYDROCARBONS AND D]FFERENT PAHS ! S

, LA - S

Ly

The .selected HMW PAHs d:egrading bacteria were evaluated for potential utilization of-

. ‘ ‘ - )
various hydrocarbons as growth substrates. The isolates growth rate was expressed as

)
. , ‘Q"i' PR . ] . .

percentage degradation (Table 4.2). Under the ex’perimental conditions, Tate of degradation

1.

Ll

of crude orl and engme oil by A. anitratus, A maller A ’aecahs S paucrmobrhs, Ps

arvilla and Ps putrda was 100%. Dlesel oil was degraded by the six 1so]ates at 80%, while

Lo

70% degradatlon of kerosene was observed forA amrratus 4 malle: S paucimobilis, \Ps. i

by
arvilla and Ps putrda whereas for A. faecalrs it was 60% e

None of the isolates degraded hexane, xylene and toluene. Benzene was degraded by l:_’s.j '

¥

punda (70%), Ps. arvilla (60%) and S paucrmobrlrs (60%) Percentage degradatlon of _' '

phenol S. paucrmobrhs Ps. arwlla and Ps. putida were 70%, 60% and 70% respectrvely '

o #

."
4

degraded 100% by all the lsolates A

and 70% by A. anitratus, A ma!ler A, faeca!rs S. paucrmobihs 'Ps, arvilla and Ps Putida: -

respecttvely Fluoranthene was degraded 100% by A. anitratus, A .mallei, §. paucrmobrhs -7

Ps. arvrlla and Ps putrda whereas 80% degradat:on was - obtamed for Al faecahs

b f

Percentage degradatlon of pyrene was 90% for §. paucrmobrhs and Ps putrda 80% for Ps.

arvilla, 70% for A. anitratus and 60% for A. mallei and A. faecahs. o - .

s

o d
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Degradation by th_é selected HMW PAHs

Table 4.2. | Percentage Hydrocarbon
| Degrading Bacteria (%)l } .

Substrate A A R R I D

anitratus mallei Jaecalis pauci molfih’s arvilla putida
Crude oil 100 12_00 100, 100 100 | 100 \
Kerosene 70 70 60 70 70 |70 \
Diesel oil 80 80 80 80 80 so | \
Engine oil 100 100 100 100 100|100 \
Hexane o 0 : 0 0 :! 0 ' 0 . \
Xylene 0 0 0 0 1 0 0 \
Phenol 0 To 0 70 60 70, |
Toluene 0 10 0 0 10 0
Benzene o 0 I.“ 0 70 i‘. 60 | 60
Anthracene 100 100 }'_ _100 100 100 100
Naphthalene | 100 100 100 100 700|100
Phenanthrene | 100 100 100 100 100 100
) ¢
Chrysene 100 80 |80 70 & |70
Fluoranthene | 100 100~ |80 100 700|100

| i .

Pyrene 70 60 0 20 sb E

.56
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4.7 BIODEGRADATION OF HMW PAHS
Of the six bacteria isolates selected as best HMW PAHs degrader's,'it was observed that 4.
anitratus, A. mallei and A. faecalis easily lost their HMW PAHs degradation potential and

as such, they were excluded from use in the biodegradation studies.. ~

Therefore S. paucimobilis, Ps. arifilla and Ps. putida were used to study the biodegr,édation _

of chrysene, fluoranthene and pyrene as single substrates, mixture,and in the presence of

phenanthrene, aLMWPAH. '; '

I

4.7.1 BIODEGRADATION OF SlNGLE HMW PAH BY INDIVIDUAL ISOLATES

Blodegradatlon of the smgle HMW PAH (chrysene, fluoranthene and pyrene) was studied -

using S. paucimobilis, Ps. .arwlla and Ps. putida mdmdually.

4.7.1.1 RESIDUAL CHRYSENE DURING DEGRADATION OF CHRYSENE

BY INDIVIDUAL ISOLATES )

Degradatson of 100 pglml chrysene by S. pauc:mob:hs Ps. arvn’la and Ps.: punda

respectively resulted to a decrease in concentratlon to 30. 5i0 3, 40. 6d:0 7 and 17.2+0.2

(pg/mi) respectively after 8 days 1.ndlcatmg individual 1solates utilization -and thus
degradation of chrysene (Fig. 4.4). There was significant (P<0.05) difference in the isolates’
rate of degradation even within same Pseudomonas genera. However, no significarit change

in chrysene concentration was observed;in the control cultures.

T

4.7.1.2 - GROWTH OF ISOLATES DURING DEGRADATION OF

CHRYSENE BY IN DIVIDUAL ISOLATES

The isolates were found to increase in ccl! mass significantly (P<0.05) in the experimental
culture media (E) as the degradation of éhxysene proceeded (F ig. 4.5). Total viable count

(TVC) of 1.3x10°, 6.3x10° and'3.2x1 0° cfu/ml were obtained with S. paucimobilis, Ps.

' 57
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arvilla and Ps. putida vespectively after 8 days of degradation. “{fh;are was difference in lcel}

mass generation of the different isolates indicating that their rate of utilization of chrysene
i o -

varied. The non-chrysene control (C1) inoculated with the organmism did not show

significant (P<0.05) growth increase but there was gradual decrease in cell mass. The

L

control (C2) which had chrysene but without organism tnoculated showed no significant

t

microbial growth during the experimental period.

L
Toor

4.7.1.3 POPULATION DENSITY AND pH OF: MEDIA DUR]NC
. i

DEGRADATION OF CHRYSENE BY INDIVIDUAL ISOLATES
' |

The population density of the experimental culture (E) increased as degradation of chrysene

proceeded (Fig. 4.6). Population density (ODesooem) Of S. paucimobilis, Ps. arvilla and Ps.

putida  increased from 0.0018+0.0002 to 0.271540.0014, 0.2540+0.0045 and
i -
0.3182+0.0038 respectively. This was a reflection of the increase in cell densities observe

as the isolates utilized chrysene as sole source of carbon and energy. Turbidity of both

control cultures C1 and C2 did not significantly (P<0.05) change during the expérimental
. C

period. | -
{

During degradation of chrysene by the isolates, pH of ‘E’ changed compared to C1.and C2
where there was no change in pH (Fig. 4.7). The pH of §. pauc}mobilis and Ps. arvilla
experimental culture media dropped from 7.240 to 6.8+0.1 indicét.i.ng the breakdown of)

chrysene to acidic metabolites whereas for Ps. putida, pH dropped from 7.2+0.0 to 6.9+0.2

at day 4 and then rose to 7.3 at day 8. L

Lot
:

k
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Fig 4.4. Residual chrysene during degradatlon of chrysene by

Log total viable count (Log TVC)

individual isolates
-+ &, paucimobilis ~u— P, arytlla

—&— Ps. putida - C1 (no chrysene + isolate)
—»- C2 (chrysene + no isolate)

- .
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Fig. 4.5. Growth of isolates during degradation 0%[‘ chrysene by

individual isolates

—+ 8. paucimobilis ~=- Ps. arvilla
—— Ps. putida -~ 1 (no chrysene + isolate)
— C2 (chrysene + no isolate)

1
i
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Fig. 4.6. Population dynamics of isolates during'F degradation of

chrysene by individual isolates I

—~— 8. paucimobilis -=— Ps. arvilla
—— Ps. putida . —C1 (no chrysene + isolate)
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Fig. 4.7. pH of media during degradation of chrysene by individual
isolates = B
~+ 8. paucimobilis - Ps. arvilla
-+~ Ps. putida : —— C1 (no chrysene + isolate)

-#- C2 (chrysene + no isolate)
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;'4.7.1.4 RESIDUAL FLUORANTHENE DURING DEGRADATION OF
FLUORANTHENE BY INDW[DUAL ISOLATES
"I{esidual fluoranthene concentrauons after 8 days of 190 pg/rnl degradation by S
fpaucimobih's, Ps. arvilla and Ps. putida was‘ 2.0i0.l-, 20:tO4 anﬁ 0.02i0.7»-(pg/ﬁﬂ)
respectively. There was Isigniﬁcant (P<0.05) difference in the individual : is‘orlates
, |

degradation of fluoranthene (Fig. 4.8). The residual ﬂuﬁoranthene of ‘E’ was! also

significantly (P<0.05) different compared to the ‘contro[s.

1]

4.7.1.5 GROWTH OF ISOLATES DUR]N(‘E DEGRADATION | OF
- FLUORANTHENE BY INDIVIDUAL ISOLA TES

Significant (P<0.05) i mcrease in celi densmes of the isolates was observed when each of the

.

isolates was cuitlvatcd on 100 pg/ml ﬂuoranthene as the sole carbon source (Fig. 4 9). Ps ’

putida was better supported for growth with peak cell densxty of 7. 9x10° cfulm! whlle S
paucimobilis and Ps. arvilla had cell densntles of 2.5x10° and 2 leO cfu/ml respectlvely

No significant growth was observed in the C1 control, rather there was degeneration of the

inocula.

61




Ji }

-t{b

)

ll

4716  POPULATION DENSITY AND pH OF MEDIA DURING
DEGRADATION OF FLUORANTHENE BY INDIVIDUAL

ISOLATES

The Popuiation density (ODsoonm) of isolates in ‘E’ increased compared to controls as
degradation of fluoranthene proéceded indicating utilization :Tof ﬂuoranthene- as’ growth
substrate (Fig. 4.10). Population density (ODsoonm) of 5. paz:ciﬁobilis, Ps arvilla and |Ps.
putida increased from 0.0018+0.0002 to '0.358410.0612, (.2520+£0.0042 and |

0.3804+0.0012 respectively after 8 days of incubation. The pH bf ‘E’ changed compared to

the controls during the experimental period (Fig. 4.11). j
) i ; |
Degradation of fluoranthene ‘resulted to a shift of pH froﬁn neutrality to alkalinity.
! ' !
Degradation by S. pancimobilis and Ps. arvilla resulted in a drop of pH from 7.2+0.0 to 6.8

at day 4 which rose to 77 while with Ps. putida, pH dropped ﬁom 7.2+0.0 to 7.0+0.1: at
i . | ) I . ] ' . .

day 2 which rose to 8.0 at day ? P o
‘ ! A . i -
1 | !

P

-
e

et oyt 4 b

| . -
l‘ ! B .
y . P
. ‘ ! 4 . i L
, | {
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Fig. 4.10. Population dynamics of isolates during degradation of

fluoranthene by individual isolates

~+ 8. paucinmbilis
~+— Ps. putida
- C2 (fluoranthene + no isolate)

—a— Ps. arvilla
~— C1 (no fluoranthene + isolate)
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Fig. 4.11. pH of media during degradatlon of fluoranthene bly

individual isolates
—— 8. paucimobilis
—— Py, putié‘a
-+ C2 (fluoranthene + no isolate)

- Ps. arvilla
—= C1 (no fluoranthene + isolate)
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4.7.1.7 RESIDUAL PYRENE DURING DEGRADATION OF PYRENE BY

3

INDIVIDUAL ISOLATES | 3

S. paucimobilis, Ps. arvilla and Ps. putida cultivated on M‘LS containing 100 pg/nil pyrene
as sole carbon and energy source resulted to a decrease in concentration to 0.06+0.2,

6.5+0.3and 6.6+0.4 (ng/ml) respectively after 8 days (Fig. 4. 12). 8. paucimobilis 'degr_aded'

pyrene better than the other isolates. There was no significant (P<0.05) differencel|in the

degradation of pyrene by the two Pseudomonas. Furthermore, there was no significant.
_ _ o vas |

change in pyrene concentration in C2 control cultures, |

. ; f . . ] ,

4718  GROWTH OF ISOLATES DURING DEGRADATION OF PYRENE BY -

INDIVIDUAL ISOLATES
Optimal celi densities of 8.9x10", 4..'h{104 and 7.0x10° cha/ml were obtained for S
paucimobilis, Ps. arvilla and Ps. putida respectively after Sg'days of pyrene ‘degradation
(Fig. 4.13). The isolates were found to increase in cell mass s:gmﬁcantly (P<0. 05) in the
experimental culture media (E) as the degradation of pyrene proceeded. Control €1 did|not - |

show significant (P<0.05) growth increase rather there was gradual decrease in cell mass.

Control C2 showed no significant microbial presence during the"expeﬁmental period.

L3
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Fig 4.12. Residual pyrene during degradation of pyrene by
individual isolates

~-8. paucimobilis
— Ps. putida

-~ C2 (pyrene + no organism)

= Ps. arvilla

- C1 (no pyrene)
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Fig. 4.13. Growth of isolates during degradation of .pyrene by
individual isolates

8. paucimobilis

—-C1 (no pyrene + isolate) - C2 (pyrene + no isolate)

-= Ps. arvilla
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4.7.1.9 POPULATION DENSITY AND pH OF MEDIA DURING

DEGRADATION OF PYRENE BY INDIV IDUAL JSOLATES

Population density (ODgoonm) of S. paucimobilis, Ps. arvilla allnd Ps. putida éxperimental
media during pyrene degradation increased from 0.0018&),0002 to . 0.3480+0.0053,
0.2546+ 0.0036 and 0.2741+0.0068 respectively (Fig. 4.14)i. The Populatioh density
(OD¢oorm) of ‘E’ incfreased as degradation proceeded. Thelei was signiﬁcanf (p<0.05) |

increase in the turbidity of the culture media compared to the controls.

\ .
The pH of ‘E’ dropped from 7.2+0.0 to 6.9 at day 4, after which there was rapid increase to

. a
7.9, 7.5 and 7.5 respectively for S. paucimobilis, Ps. arvilla and Ps. putida (Fig. 4.15).
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Fig. 4.14. Population dynamics of iselates during degradation
of pyrene by individual isolates

- 8. paucimobilis -a- Ps. arvilla
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4.7.2 BIODEGRADATION OF SINGLE HMW PAH BY BJ‘\CTERIAL

CONSORTIUM oo

In nature, microbes exist as consortia as such bio;degradation of single HMW PAH

(chrysene, ﬂtiqranthéne and pyrene) was studied usiné S. paucimola'ilis,‘ Ps. arvilla and Ps.

putida together.fas consortium. | ‘ T
4721°  RESIDUAL HMW PAH DURING DEGRADATION OF
~ HMW PAH BY BACTERIAL CONSORTIUM

i

SINGLE

The consortium cultivated on MS containing 100 pg/ml of chrysene, fluoranthene and

pyrene respectively as sole carbon and energy source, resulted to decrease in concentration
. - I o

to 21.340.2 (chrysene), 2.2id.8 (ﬂuorémthene) and 10.6+0.8 (pyrene) (ug/ml) aft

er 8 days.

As consortium, fluoranthene was better degraded than the other HMW PAHs with 97.8%

: -
degradation while 78.7% chrysene and 89.4% pyrene was degraded (Fig. 4,16).| In control
C2, there was no significant (p<0.05) loss of the HMW PAHs.
' : ' '
4.7.2.2 GROWTH OF BACTERIAL CONSORTIUM DURING

DEGRADATION OF RESPECTIVE HMW PAH BY BACTERIAL

i
CONSORTIUM

4

Cell densities of 8.9x104, 2.3x10° and 2.5x10° cfu/m} respectively were obtained

consortium degraded chrysene, fluoranthene and pyrene respectively (Fig. 4.17,
I |

when the-

). Control

C1 did not show significant (P<0.05) growth increaserbut",there was gradual decrease in cell

mass. Control C2 also showed no significant (p<0.05) microbial presence d

experimental period. t

i
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Fig 4.16. Residual HMW PAH during degradation? of respective

HMW PAH by bacterial consortium |
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Fig. 4.17. Growth of bacterial consortium during degradation of

respective HMW PAH by bacterial consortium

-+~ Chrysene —=- Fluoranthene — Pyrene
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4.7.2.3 POPULATION DENSITY AND pH OF MEDIA DURING

RESPECTIVE HMW PAH DEGRAIjATIoN BY BACTERIAL
CONSORTIUM -

Population density (OD@,,.,.) of consortium in the expel:-imental media ‘E’ increased

significantly (p<0.05) compared to the controls as degradatioﬁ of respective HMW PAH by
consortium proceeded (Fig. 4.18)." |
P

., = .
The pH of ‘E’ increased from 7.240.0 to 7.340.1, 7.74+0.1 and 7.5+0.2 respectively during

chrysene, fluoranthene and pyrene degradation (Fig. 4.19).: There were no significant

. _ i
changes in pH of the controls. ' "
%

[

71 | ‘




B

&)

0.7 :,
[
— 0.6 I
E ‘
QS 0.5 - !
& ‘
- i
Z 04
-; ‘
5 |
S 03 ‘
3 .
E 0.2 4 :
o i
0.1 1 '
i
0 L T L T T T ﬁ' ‘

(=]
—
L]
w
4o
th
o0
-]
-]
L -]

Time (days)

Fig. 4.18. Population dynamics of consortium during degradatlon of
respective HMW PAH by consortium
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Fig. 4.19. pH of media during degradation of respective HMW PAH
by consortium
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4.7.3 ,V BIODEGRADATION OF SINGLE HMV\’ PAH, BY BACTERIAL

CONSORTIUM IN THE PRESENCE OF Pl {ENAN THRENE

This study was to detemnne the role of phenanthrene in HMW PAHs degradation as

observed in nature that PAH exists as complex mixture of LMW PAHs: and HMW PAHs. K
| ‘
4.7.3.1 : RESIDUAL CHRYSENE DURING DEGI;ADATION - OF
CHRYSENE BY BACTERIAL CONSORTIUM IN; THE PRESENCE
OF PHENANTHRENE =
Duril_ng the degradation of chryéene in the presencé of phenanthrene, itt was observed thét
chrysene degradation was delayed u_ntil 80.7% of phenanthrene had been utilized at day 4
(Fig. 4.20). Phenanthrene was not detectable after day 4 of degradation. Chrysene (100
pg/ml) was degraded to 12.4+0.1 pg/rh after 8 days of incubation. No:sigm'ﬁcant loss in.

chrysene was observed in C2. -. | '

L]

4.1.3.2 GROWTH OF BACTERIAL CONSORTIUM ' DURING
DEGRADATION OF CHRYSENE BY BACTERIAL CONSORTIUM
IN THE PRESENCE OF PHENANTHRENE ﬁ

Cell density of 2.3x10° cfu/ml was obl;_ained when consortium degraded chrysene in the

- presence of phenanthrene. There was significant (P<0.05) change in cell densitigs at day 6

from Log TVC of 4.0 to 6.1 fFig. 4.21). Presence of phenanthrene contributed to the
immersed growth of the consortium. Control C1 and C2 did not show sigrﬁﬁcant (P<0.05)

microbial growth increase during the expeh'mental period.

——
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Fig 4.21. Growth of consortium during degradation of chrj(sene by
consortium in the presence of phenanthrene !
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-«— C2 (PAHs + no consortium)
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4.7.3.3 POPULATION DENSITY AND pH OF MEDIA DURING
DEGRADATION OF CHRYSENE BY BACTERIAL iCONSORTIU_M
IN THE PRESENCE OF PHENANTHRENE {

The Population density (ODgoonm) Of consortium in ‘E’ increased a; degradation of

chrysene proceeded (Fig. 4.22). There was significant (P<0.05) increase in the turbiditj‘r of

‘E’ compared to the controls wherein turbidity of ‘E’ increased from é.OOISi0.000Z to

0.597240.0037. The pH of ‘E’ dropped from 7.2 to 7.1 on day 2 which later rose to 7.5 on

day 8. The pH of the control culture media remained unchanged (Fig. 4.23). -
-

4.7.3.4 RESIDUAL FLUORANTHENE DURING DEGRADATION OF

FLUORANTHENE BY BACTERIAL CONSORTIUM. IN THE

- F

PRESENCE OF PHENANTHRENE |

During the degradation of ﬂuoranfhene;in the presence of phenanthrene,?j it was observed
~ that fluoranthene degradation was delayed until 63.8% of phenanthrene had been utilized

on day 2. Fluoranthene (100 pg/ml) was degraded to 0.2+0.3 pg/ml'aﬁer 8 days of

incubation. No significant loss in fluoranthene was obseriredl in C2 (Fig. 4.:24).. o

4735 GROWTH OF  BACTERIAL CONSOR’i‘[ﬁi}dI " DURING
DEGRADATION OF FLUORANTHENE BY BACTERIAL
CONSORTIUM IN THE PRESENCE OF PHENANTHRENE .

Cell density of 2.3x10"" cf/ml was obtai;ted when consortium degraded fluoranthene in.the

presence of phenanthrene after 8 days. There was significant (P<0.05) change in cell

density at day 2 frorﬁ Log TVC of 4.0 10 6.7 and later to Log TVC of 11?4 on day 8 (Fig.

4.25). N |
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Fig 4.22. Population dynamics of consortium durihg degradation of
chrysene by consortium in the presence 0‘|f phenanthrene
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Fig 4.23. pH of media during degradation of chrysene by consortium

in the presence of phenanthrene |
i
—E (PAHSs + consortium)

-+ C1 (no PAHs + consortium)
—+ C2 (PAHSs + no consortium)
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Fig. 4.24. Residual fluoranthene during degradation of fluoranthene by
consortium in the presence of phenanthrene
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Fig. 4.25. Growth of consortium during degradation of fluoranthene by

consortium in the presence of phenanthrene

—- E (PAHs + consortium)
-+~ C2 (PAHs + no consortium)

-~ C1 (no PAHs + consoftium)
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4.7.3.6 POPULATION DENSITY AND pH OF MEDIA DURING |
DEGRADATION OF FLUORANTHENE !BY BACTERIAL
CONSORTIUM IN THE PRESENCE OF PHENANTHRENE

The Population density (ODgooum) of consortium in ‘E’ increaséd as tdegr.adation of

%)

fluoranthene by consortium in_ the Qresence of phenanthrene' proceed%d.. Populatioh &ensity.' |
(ODgoonm) of ‘E’ increased from 0.0018+0.0002 to 1.2303+£0.0076 after 8 .days of

incubation. There was significant (P<0.05) increase in the popufation density of ‘E’

H

compared to the controls (Fig. 4.26)., {
The pH of ‘E’ was increased as degradation proceeded compared to the controls where

. _ } :
there was no significant (P<0.05) change (Fig. 4.27).

A
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Fig. 4.26. Population dynamics of consortium during degradation of
fluoranthene by consortium in the presence of phenanthrene
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Fig. 4.27. pH of media during degradation of fluoranthene by
consortium in the presence of phenanthrene
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-+~ C2 (PAHs + no consortium}
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4737 RESIDUAL PYRENE DURING DEGRADATION OF PYRENE BY
BACTERIAL CONSORTIUM IN _THI'; fRESENCE : OF
PHENANTHRENE | |

Degradation of pyrene in the presence of phenanthrene proceeded con;:orrlitantly. Pyrene

. .

and phenanthrene were degraded from 100 pg/ml to 40.3:*:0.5_an(§ 25.340.6 pg/ml

respectively at day 4. No significant concentration of phenanthrene was @btained'aﬁer day

6 while 0.7+0.2 pg/ml pyrene was obtained on day 8. No significant loss in pyrene was

observed in C2 (Fig. 4.28). - '

4738 = GROWTH OF BACTERIAL ~ CONSORTIUM DURING

DEGRADATION OF PYRENE BY BACTERIAL CO&SORTIUM IN
THE PRESENCE OF PHENANTHRENE : %
Highest cell density of 8.9x‘109.cﬁxlml whs obtained when consortium degraded pyrene in
the présence of phenan.threne There was éiéniﬁcant (P<0 05) change in cell density at da')‘ar
4 from Log TVC of 4. 0 to 6.4 (Fig. 4 29) The non-PAH control (C1) moculated w:th the
consomum dld not show sngmﬂcant (P<0 05) growth increase but thcre was gradual
decrease in cell mass. The control C2 wh:ch had PAHs but.w;thout oonsort;um inoculated:

t

showed no significant (P<0.05) microbial presence during the experimental period.

4.7.3.9 POPULATION DENSITY AND pH OF MEDL;L- DURING
DEGRADATION OF PYRENE BY BACTERIAL CONSOR'ITUM IN

THE PRESENCE OF PHENANTHRENE ':

b

The population density (ODsoonm) of oonsdrtium in ‘E’ increased as degradation of the

1.

i
‘PAHs proceeded (Fig. 4.30). There was significant increase in population density (ODsoonm)
of ‘E’ compared controls. The pH of ‘E’ was increased towards alkalinity as degradation

proceeded compared to the controls where there was no significant change (F ig_': 4.31).
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Fig. 4.28. Residual pyrene during degradation of pyrene by consortium
in the presence of phenanthrene
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Fig. 4.29. Growth of consortium during degradation of pyrene by
consortium in the presence of phenanthrene
-+ E (PAHs + consortium) -+ 1 (no PAHs + consortlum)
-+~ C2 (PAHs + no consortium) |
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Fig. 4.30. Population dynamics of consortium during deéradation of pyrene

by consortium in the presence of phenanthrene
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Fig. 4.31. pH of media during degradation of pyrene by consortlum

in the presence of phenanthrene
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4.7.4 BIODEGRADATION OF MIXTURE OF THE HMW 'pAHs_\ BY
" INDIVIDUAL iSOLATES '

.
‘n

and Ps. putida individually.

4

Biodegradation of the mixture HMW PAHs was studied using S paucimobilis, Ps. mjvf'\lla

' )
i
4.7.4.1

)

- . "
; !
RESIDUAL HMW PAHS DURING DEGRADATION OF MIXTURE

, - .

OF HMW PAHS BY INDIVIDUAL lSOLATES}':I o
S. paucimobilis, Ps. arvilla and Ps. putida degradation of mixture of the HMW PAHs (100,
. ‘ .

: i

pg/mt each), resulted to residual concentration of chryscne, fluoranthene and pyrene'

) {

‘respectively for S. paucimobilis as 40.2+0.4, 32.5+0.3 and 37.540.2 (pg/ml), with Ps.

———T
i

arvilla it was 40.3+0.2, 35.430.2 and 34.2+0.4 (pg/ml) while with Ps. putida it was

27.440.8, 10.1+0.5 and 32.0+0.2 (ug/ml) (Fig. 4.32 a, b and ¢). Fluoré_:mthene was relatively'
degraded quicker than the other HMW PAHS.

e

4.74.2 GROWTH OF I1SOLATES DURING DEG RADAleN OF MIXTURE

OF HMW PAHS BY INDIVIDUAL ISOLATES

A

. ' | -
During degradation of mixture of the HMW PAHs by the individual isolates, highest cell
densities of 3.5x10%, 3.6x10° and 4.7x10% cfi/ml respecti\}ely were' observed for 5.
paucimobilis, Ps. arvilla and Ps. putida. No significant (P<0.05) microbial cell increase

was observed in C1 and C2 rather cell count of C2 decreased during f_he experimental
. period (Fig. 4.33).

83

e i



)

&)

T

¥

RS

Residual HMW PAH (pg/mi)

10
Time (days) '«.
Fig 4.32a. Residual HMW PAHS during degradation of mlxture of HMW
PAHs by 8. paucimobilis
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Fig 4.32b. Residual HMW PAH during degradation 0fm1xture of HMW
PAHs by Ps. arvilla

-+ Chrysene -=- Fluoranthene — Pyrene
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Fig 4.33. Growth of isolates during degradation of mlxture of HMW

PAHs by individual isolates
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4.7.4.3 POPULATION DENSITY AND pH OF MEDIA DURING

DEGRADATION OF MIXTURE OF HMW PAHS BY INDIVIDUAL

; 1
ISOLATES N |

Lﬁ

. |
Population density (ODgoonm) of ‘E’ increased as degradation proceeded. There was
. |

LY

significant increase in the population density (ODgpomm) of ‘E’ compared to the controls

~ (Fig. 4.34). _ : | | _ o !.

| o 1
The pH of ‘E’ for all the isolates dropped from 7.2+0.0 to 6.9+0.1 during the experimental

; : .'
period (Fig. 4.35). In both controls, there was no change in pH of ‘IE’ R :

|

OF MIXTURE OF HMW PAHS BYi
¥:
BACTERIAL CONSORTIUM A

i

Blodegradatlon of the mixture of HMW PAH was studled using the isolates as consortium
j
4

P

4.7.5 BIODEGRADATION

|
i
L

asa representatlon of natural scenarlo.

4)

4.7.5.1 RESIDUAL HMW PAHS DURING DEGRADATION OF MIXTURE

OF HMW PAHS BY BACTERIAL CONSORTIUM

|

, ‘

.
When consortium of the isolates was cultivated on MS coma:mng mlxture of 100 pg/ml
each of chrysene, ﬂuorz_mthene and pyrene as the sole carbon, and energy source,
degradation resulted to a decrease to 11.5+0.4 (chrysene), 6.2:':0."3'(ﬂuoranthene)‘and
6.0:0.8 (pyrene) (ug/ml) after 8 days. In mixture, fluoranthene an;'i pyrene were better

degraded, however, the three HMW PAHs were concomitantly degraded (Fig. 4.36)

)
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0
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4.7.5.2 GROWTH OF CONSORTIUM DURINGé- DEGRADATION OF

MIXTURE OF HMW PAHS BY CONSORTIUM
Highest cell density of 2.1x10” cfu/ml ﬁas obtained when consoﬁium degraded fﬂix_ture of
the HMW PAHs (Fig. 4.37). Mixture of the HMW PAHs did not inhibit microbial growth -

as there was significant (P<0.05) growth difference between the ‘E” and the conn"o'ls

4.7.53 POPULATION ~DENSITY AND pH OF MEDIA DURING

i

DEGRADATION OF MIXTURE OF HMW PAHS BY CONSORTIUN{ '
. } : :

Population density (ODgoonm) Of consortium in ‘E’ increased as degradation of mixture of

: ; N .
the HMW PAHs proceeded compared to control media (Fig. 4.38).1‘__ g ll
The pH of ‘E’ increased from 7. 210 0 to 7.5+0.1 compared to control where there was no l

change during the expenmental penod (F ig. 4.38). :

4.7.6 BIODEGRADATION OF MIXTURE OF THE HMW PAHS BY!|

CONSORTIUM IN THE PRESENCE OF PHENANTHRENE : ‘

PAHs exist as mixture hence biodegradation of mixture of HMW PAHs was studled using -

N
consortium in the presence of phenanthrene as co-substrate. ]

|

| o
4.7.6.1 RESIDUAL HMW PAHS DURING DEGRADATION OF MIXTURE l
!

OF HMW PAHS BY CONSORTIUM IN THE . PRESENCE OF
PHENANTHRENE

i

During consortium degradatlon of mixture of each of the HMW PAH (100 pg/m]) in the
presence of phenanthrene, residual chrysene ﬂuoranthene pyrene and phenanthrene after 8' .
days of incubation was 0.4+0.3, 0.02+0.02, 0.240.04 and 0. OOO:I:O 00 (pg/ml) respectwe
(Fig. 4.39). Phenanthrene was rapidly degraded to 20.2+0.2 (pg/ml) at day 2 and was_
undetectable afier day 4. Likewise the HMW PAHs were degraded at; a rapid rate and their

degradation was concomitant with phenanthrene degradation. |
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Fig 4.34. Population dynamics of media during degradation of mixture of
HMW PAHs by individual isolates :

—+— 8. pancimobilis - Ps. arvilla |
——Ps. putida ——C1 (no HMW PAHS + isolate)
—~— C2 (HMW PAHS + no isolate)

pH

Time (days) :
Fig 4.35. pH of media during degradation of mixture of HMW PAHs
by individual isolates |
—— 8. paucimaobilis —= Ps. arvilla
~a— Ps. putida ~-C1 (no HMW PAHS + isolate)
- C2 (HMW PAHS + no isolate) i
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Fig 4.37. Growth of consortium during degradation of n{ixtu re of HMW
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Fig 4.39. Residual HMW PAHs during degradation of mlxture of HMW
PAHs by consortium in the presence of phenanth rene
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4.1.6.2 GROWTH OF BACTERIAL CONSORTIUM DURINF
DEGRADATION OF MIXTURE OF HMW PAHS BY BACTERIAL

CONSORTIUM IN THE PRESENCE OF PHENANTHRENE ' [

' ' i . : ;

. t
Highest cell densities of 12.4x10" cfu/ml was obtained when consortium degraded mixture
of the HMW PAHEs in the presence of phenanthrene. There was s}gnificant (P<0.05) chan:ge -

. | \ . : . |

in cell densities at day 2 from Log TVC of 4.0 to 12.1+0.2 (Fig. 4.40). Control C1 did riot
show significant (P<0.05) growth increase but there was gradual decrease in cell mass.

Control C2 also showed no sigriiﬁcant microbial growth during tlfxe experimental period. ’

4.7.6.3 POPULATION DENSITY AND pH OF MEDIA DURING

' ‘ I
DEGRADATION OF MIXTURE OF HMW PAHS BY BACTERIA{L
[ I ! .

| CONSORTIUM IN THE PRESENCE OF PHENANTHRENE - -

| {
Degradatlon of mixture of the HMW PAHs in the presence of phenanthrene by consortlum

resulted to a rapid increase in population density (ODgoom) of consortium in the
! F

experimental media. The population density (ODgoonm) of ‘E’ was significantly (P<0,0§)

different from the controls where there was decreased cell mass during the experimental

period. The pH of ‘E’ was increased as degradation proceeded compared to the controls

(Fig. 4.41). ' | " o |
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Fig 4.40. Growth of consortium during degradatior!n of mixture of HMW
PAHs by consortium in the presence of phenanthrene |
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Fig 4.41. Population dynamics and pH of media dw!uring degradation of

mixture of HMW PAHs by consortium in the presence of phenanthli'ene
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4.8 ENZYME STUDIES I.

The catechol dioxygenases involved in the lower metabolic pathway of PAHs degfadation
was studied. This was to evaluate the pote;ltial of the isolates in metabolizing the HMW

. |
PAHs to carbon dioxide and water and/or intermediates of iricarboxylic acid cy‘lcle for

b
energy generation as such remediating the HMW PAHs-to non-toxic compoun;ds and

- i
- ensuring complete elimination of the HMW PAHSs. The study showed that S. paucimobilis
- - L ' N I
had catechol 1,2-dioxygenase (EC 1.13.11.1) activity while the Pseudomonas strains had
o : !
catechol 2,3-dioxygenase (EC 1.13.11.2) activity. i .

_ ,, i
4.8.1 PARTIAL PURIFICATION OF CATECHOL DIOXYGENASE 5
' : _ ' |
ENZYMES . | . Ir
_ l |
Crude catechol dioxygenase extract from S. paucimobilis, Ps. arvilla and Ps. putida culture
, : |

‘i40%

saturatlon) dialysis, gel filtration using DEAE-sephadex A-SO-IZO and Sephadex GZS 300

media respectively were partially purified by ammonium sulphate precipitation (at

(Table 4.3). Catechol I ,2- d:oxygenase enzyme of S. paucrmobrhs was punﬁed by 23 0
folds with specific activity 7. 14 Umg Protein™. Catechol 2 3-d|oxygenase enzymes ofl Ps.

1
arwlla and Ps. putida respectively were purified byl17.5 and 183 folds w1th specnﬁc

activity 5.24 and 5.66 Umg Protein™ respectively. v

a—_—————

ey .
Elution proﬁlé qlf catechol dip_xygenase enzyme of S. paucir;niobﬂis, Ps. arvilla and {’s _
putida during DEAE-se;;hadex gel filtration showed two active ienzyme péaks (Fig. 44:; -
444) Catechol 1,2-dioxygenase enzyme of S. paucimobilis was eluted with buﬁ'erl
contalnmg 200 mM NaCl same for catechol 2 3—dtoxygenase enzymes of Ps. arvzlla '

however, 150 mM NaCi eluted Catechol 1 2-dnoxygenase enzyme of Ps. putrda - i

!

'.
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i

§
|
}
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Table 4.3

Partial purification of catechol dioxygenase of S. paucimobilis, Ps.

s

L
'

,
arvilla and Ps. putida : 'l
| f:' E
* L l
Organism | Purification step | Total Total Specific | Recovery Pulriﬁcation
Protein | activity | activity | of Factor 7
(mg) |(U) | (Iimg") activity rz -
(%) N
S, Crude extract | 350 | 1085 031 100 |1 ;__“
pascimobilis | comonium 168|924 (055 |852 |18
sulfate | | ’, | .‘
precipitation _ il :\ ' |
Dialysis 80 731 | 091|674 29 |
DEAE-sephadex |213 572 |2.69. |s27 8.7
Gel Filtration | 5.0 357 |714. |329 23.0 .
Ps. arvilla | Crude extract 295 105 03 . (100 ! ':
Ammonium 175 |86 05 - |820 16
sulfate ti
precipitation -
Dialysis 80 615 07 586 23 1
DEAE-sephadex | 105|406 |39 - |387 29 |
Gel Filtration | 6.2 325|524 ¢ |231 17.5 t
sz. putida | Crude extract 320 | 98.2 0.31 | 100 l.. ‘l
Ammonium 155 76.5 049 | 779 16 EI
sulfate | ' - |
precipitation !
Dialysis 7 627 088 - |6338 28 I'l
DEAE-sephadex | 195 [548 |28 | 558 I
Gel Filtration | 6.1 345 |566  |35.1 183 |
d \
y |
i |

e T

e
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4.8.2 CHARACTERIZATION

OF CATECHOL

DIOXYGEII:IASE
ENZYMES ‘ : *

The molecular weight and the effect of temperature, pH, metal ions, ethylene diamino
tetraacetic acid (EDTA) and varying substrate concentrations on the partially pljl;'lﬁed

catechol dioxygenase of S. paucimobilis, Ps. arvilla and Ps. putida were determined. |
4.8.2.1

MOLECULAR WEIGHT OF THE CATﬂCHOL DIOXYGENASE
ENZYMES

The molecular weight of two peaks of the catechol dloxygenase were determmed

Molecular weight of catechol 1,2-dioxygenase enzyme (C1 20) of 8. paucimobilis was

86.4 kDa (Isoenzyme I) and 98 4 kDa (Isoenyme H). Catechol 2, 3'-d|oxygenase {(C2,30)

of Ps. arvilla molecular weight was 55.2 kDa (Isoenzyme I) and 62 0 kDa (Isoenzyme II)

whereas that of catechol 2,3-dioxygenase of Ps. punda was ] 6. 0 kDa (Isoenzyme I) and
1184kDa(IsoenzymeII)(F1g4 45). . _ | _ i E
4.8.2.2 TEMPERATURE PROFILE bF CATECHOL DlIO}r(YGENASE | i -
ENZYMES ' | | o B %i
The effects of temperature range of 20°C - 60°C on the catechol Hloxygenasé aC;thlltlelS:

showed that catechol 1,2-dioxygenase of S. pauc:mob:hs had opnmum temperature at 45°C

with 83.2% activity while catechol 2 ,3-dioxygenase of Ps. arwlla and Ps putrda

respecttvely had optimum temperature at 45°C and 50°C respect.wely with 92 5% and
I S

99.8% actlvny correspondmgly (Fig. 4. 46). ' , D

4.8.2.3 .

pH PROFILE OF CATECHOL DIOXYGENASE ENZYMES

pH profile study on catechol dioxygenase of S. paucimobilis, Ps. arvilla and Ps pzmda

showed optimum at pH 8.0, 8.0 and 9.6 respectively with enzyme' activity of 99.4%, 98.2%
and 99.4% correspondingly (Figures 4.47)
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Fig 4.45. Molecular weight of catechol dioxgyenase of the isolates
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Fig. 4.46. Effect of temperature on catechol dioxygenase of isolllates
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Fig. 4.47. Effect of pH on catechol dioxygenase of isolates
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4.8.2.4 EFFECT OF . MlLTAL IONS AND E THYLENE DIAMINO
: : TETRAACETIC AClD (EDTA) ON CATE( HOL DIOXYGENASES
‘ACTIVITY o . t s

The bacterial isolates catechol dloxygenase were mcubated with catechol in the presence of
0.1mM concentranons of dlfferent metal ions and EDTA, the effects of these compounds
on the enzymes actmty were eva]uated (Table’ 44) Ferrous ion (Fe ) was found to

i . A ! ]
mcrease catechol 2,3- d:oxygenase actmty of Ps arwlla and Ps. puuda respectlve]y by

115% and 117% respectlvely while 63% actmty was obtamed for catechol 1,2-

I .

dloxygenase of §. pauc:mobtlm Ferric ion (Fe") increased catechol 1,2 dloxygenase |

actwnty of §. paucimobilis to0 120% whlle 60% and 62% catechol 2,3- dloxygenase actmty ,

" were obtained for Ps. arvilla and Ps. putida res‘pectlvely Copper ion (Cu2+) mhlblted

catechol dloxygenase activity of S. paucimobilis, Ps arvilla and Ps. puna'a irespectlvely by
»
25%, 25% and 26% respectively. Silver ion (Ag’*) inhibited enzymes acnvnty by 85%

|
while manganese ion (Mn’") and cobalt ion (Co?") mhjblted the enzymes actmty by 66.1%

- 79.7%. EDTA and magnesium ion (Mg?") gave a 70% - 80% actxvnty of catechol
0 ‘ .
dloxygenase of the isolates. - | ';

4.8.2.5 EFFECT OF SUBSTRATE CONCENTRATION ON CATECHOL

|

DIOXYGENASE ACTIVITY ! B [

Lineweaver-Burk plot was used to determine the maximum velocities' (Vmax) and
| o,

Michaelis-Menten constants (Km) -of the catechol dioxygenases (Table 4.5). Maximum

velocity (Vmax) of 53.740.9, 57.540.3 and 58.5+1.2 Lmol" min” mg Protein"ll respectively

i

were obtained for catechol dioxygenase of . paucimobilis, Ps. arvilla and Ps. putida
o .

- respectively. The Km values obtained were 2.130.2 uM, 2.0+0.5 uM and! 1.9£0:3 uM

\ : . 1. B B '
- respectively for catechol dioxygenase of S. paucimobilis, Ps. arvilla am}i Ps. putida

respectively. B o - _ '
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Table 4.4.  Effect of metal ions and Ethylene Diamino Tetraacetic acid

catechol dioxygenase activity of the HMW PAHs d

I

egrading bact‘eria‘.

i

-t

| &

(EDTA) on

Compound

Concentration

(mM)

S. paucimobilis
Remaining

activity (%)

TPs. arvilla

' | Remaining

activity (%)

Ps.' putida . !

Remaining

ac[tivity (%),

None

100 i

100

o
100

. ) , ) o : | !

CuSO, 0.1 75 75 7% '
] - I

FeSO, 0.1 . 63 _ 115 111'7' _

-FeCls. .

To1

120

60

62

L

AgNO;; T

0.1.

15

15

15
!

CoCh.6H;0

01

24

243

232
f

MgClz . 5’

¥

0.1

94.6

96.2

954

Do

MIISO4' H

~Jor

339

[ ot | il ) L

203

f

EDTA

0.1

70.1

1702 -

e

CaCl, .

0.1,

82

R
772 T

53

- 79.2 - ."'—A(: ;

Ty

I_(in‘etic .parameters (Vmax and Km) of catechol dioxygenase ‘of the ? ,

Table 4.5.
r

-t

isolates

I
i

1

i
B

.

1.‘

i

¥

i ot _-’ 3

*

'y .
B PR
£, -

S |
-

;
b

Parameter

8. paucimobilis

!

i

Ps. arvilla

Vﬁmx

(Units mg Protein™)

53.740.9

57.2+03
-

L

58.5+1.2

I Km

(M)

| 2.130.2

2.040.5.

L
b

1

1.9+03
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4.9 ) PLASMID EXTRACTION, CURING AND B]OTRANSFORMATION
. S
In order to ﬁnd out the location (chromosomal 0 extra chromosomal) of gene(s)

t

respons:ble for the HMW PAHs degradatlon,. plasmld extractlon, *cunng and

]

, btotransformatlon experiments were performed e T -

. L

All the six bacteria isolated as HMW PAHs degraders; A. anirratus, A. mallei, A. fqecalis, :

&

S. paucimr__)bt'lis, Ps. arvilla and Ps. putida evaluated for plasmid possession were all found -

to harbor multiple plasmids (Plate 4.1). S. paucimobilis, Ps. putida, A. anitratus and 4. -

mallei possessed 12.8 kb (kilo base) plasmid. 2.5 kb s‘plasmid was found in Ps putida, Ps.

arvrlla A. amtratus A. mallei and A. faecahs but not in S paucimobilis. The isolates also
P

had 2.0 kb plasmid except A. anitratus and A. malle: . L f

S i
These six HMW PAHs degrading bacteria were foun(fi to be'tetracycline seqsiftive, but after
curing of their plasx_ttids (Plate 4.2), they became resi;'stant to tetracycline and ;aiso dost their

T | .: _ ] ;

HMW PAHs degradation potential. Y | !

- . ! I
Biotransformation of the isolates habouring plasmid (original isolates) with their - cured
. S ‘ - |
isolates resulted in the acquisition of plasmids of the original plasmid habouring isolates by
the cured isolates V(Plates 4.3). These biotransfonnetions gave rise to new jmutants with

varied HMW PAHs degradation potential (Table 4'.6!). The cured isolates use:d as rec;ipieht

of the plaemids were designated as §. p -/(cured S. p&ucimobt'lis), Ps. -1 (cur.e'[d Ps. arvilla),

Ps. putida-1 (cured Ps. putida), A. anitratus-1 (cured A. anitratus), E. coli and FKIeb.s_t‘e_lla. L

!

S pauc:mab:hs before cunng degradation of chlysene ﬂuoranthenfe and pyrene was 70%,
i

100% and 90% respecttvely but after btotransformatton wnth S P -, the new 1solate :

£

retamed same actmty except in pyrene degradatton whtch reduoed to 80%. Mutant tsolate

. J'
l

from bxotransformatlon of Ps arvilla and Ps. -1 retained same actmty as Ps. Lrwlla except.

P.. . - 7 . . | ] . . !
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in chryséne degradation which increased -from 60% to 70%. Likewise Ps. putida

biotransformation with Ps. putida-1 gave a mutant with 1mproved chrysene and pyrene

_ degradation which mcreased from 70% and 90% respectlvely to 80% and; 100% Mutants

} L

from biotransformation of A. anitratus and A. amtratus-l had- a reduced fluoranthene

degradation activity from 100% to 80%. Howevér cured E coh and Klebs:ella ]ackmg '

| HMW PAHs degradation actwnty blotransformed w1th Ps. puna'a resu]ted toa mutant E

coli havmg degradation potentlal of 80%, 100% and 70% for chlysene ﬂuoranthene and

¥

pyrene respectwely while the mutant of Klebsiella tllad 70%, 80% and 70% Tespectwely

P
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4.4
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2.0
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[ —

Plate 4.1 Electrophoregram of chromosomal and plasmid DNA of HMW PAjls
. ‘ |

b

degrading bacteria. | . |
Key: 1 = DNA molecular weight marker (0.12-23.1kbp), 2 = S. paucimobilis, 3 = Ps.
putida, 4= Ps. arvilla, 5= A. faecalis, 6= A. mallei, 7= A. anitratus. . ,

%= Arrow pointing at chromoesomal DNA

Kb

3.1
94
6.6

20

0.6

Plate 4.2 Electrophoregram of chromosomal DNA and cured HMW PAHs degradmg

bacteria. 1 DNA molecular weight marker, 2 = 8 paucxmoblhs (S. p -1, 3 Ps.
. |-

putida (Ps. puttda—]), 4 = Ps. arvdla (Ps-I), 5 = A. amtratus, _6 = E.coh and 7

t : . "

Klebsiella,

- ———

S
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0.6

Key:

1 = DNA molecular weight marker, 2 = S. paucimobilis tS. p-1),3=Ps
putida-1), 4 = Ps. arvilla (Ps-1), 5 = A. anitratus, 6 = E.coli zfmd 7 = Klebsiella.

% = Arrow pointing at chromosomal DNA

Plate 4.3.

1

. P L S,

i

A S

Electrophoregram of chromosomal and plasmid DNA Qf

biotransformed HMW PAHs degrading bacteria.
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Table 4.6 In vivo gene transfer between HMW PAHs degrading bacteria (donor)
‘ .
and cured non-HMW PAHs degrading bacteria (recipient)

f

Group | Isolates Anti}biotic Chryseng ! Fluoranthene Py|rene
tetracycline | (% (% (% .
selective degradation) | degradation) degradation)'
marker ,
(S00yg/ml) o fr

S. paucimobilis S 70 100 90"
Ps. arvilla . S 60 100 80 l
§ Ps. pulida S 70 [0 % ‘-.

S |4 anitratus S 100 100 70

Sp-l R |0 0 0 ;.
Ps. -1 R 0 | 0 0

- Ps. putida-1 R 0 _ 0 0 ! '

é |4 anitratus-1 IR oo o

E E. coli . R 0 C Jo IR

g Klebsiella R .10 . {0 0 |

S. paucimobilis /S. p-1 | R 70 - 100 80

% Ps putica/Ps. putida-1 | R 80 .. 100 100|

S |Ps arvitlarpss R 0 1|10 5 |

§ n Ps putida/E.coli R 8 - |100. 70 |

Z. 5 | Psputida/ Klebsiella " | R 70 |80 70 |

é é A.anitratus/A.anitratus-1. | R 100 180 70 T

Key: s ' -
R = resistance _‘ |
S = sensitive .: : ,
S p-1 =. cured S ;-mucimqbilis | | R ' I K
Ps. -1 = cured Ps. arvilla ¢
Ps. putida-1 =  cured Ps. putida | |

A. anifratus-1=

cured A. anitratus

106
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4.10  BIOSURFACTANT PRODUCTION -i S .

Bmsynthesns and excretion of blosurfactants into media are con51dered to be one of cell

U8 . .
e ‘|1
mechanism almmg at adaptanon of microorganism in using extemal llpophlllc cpmpo‘unds

as carbon and energy sources. ' Lo ' o ‘ a

N

' . o )
All the six HMW PAH degrading bacteria, A. anitratus, A. mallei, A. faecalis, §.
{ : 'i
paucimobilis, Ps. putida and Ps.- arvilla were evaluated for biosurfactant production by
growing respéctive isolates on varyi'ng quantities of chrysene and diesel oil reépectivély

using them as sole carbon and energy source. Isolates growth on the substrates were

o

measured as a function of total viable count of ceil and populatiolyx density (ODgoonm) of the

, ; i
media. Microbial cells and extracellular fluid of the media were thereafter evaluated for

S [
emulsifying activity against different hydrocarbons, : : ‘t
! C : I . i

4.10.1 GROWTH PROFILE OF BACTERIA ISOLATES GROWN ON,

VARYING QUANTITIES OF CHRYSENE 5

All the six bacteria isolates utilized varying quantities of chrysene'as the sole carbon and ;
energy source as observed in their growth in MS chrysene media col‘mparedto control non- }l
chrysene MS media for which there was significant (P<0.05) growth in the chrysene media E

Highest cell densities of 1.6x107, 2.58x10® and 2.58x107 cfu/ml respectively were obtained En. -

during A. anitratus growth in 1.5 mg, 2.5 mg and 5 mg/SOm] MS iéhrysene media (Fig.. E
448). A mallei had highest cell” densities of 1.6x107, 2.58x107 and 6.8x10° ofu/ml t‘
respectively (Fxg 449) while A. faecalis had 3.2x10° 68x]0‘ énd 68):106 cfu/ml Z '
correspondingly (Fig. 4. 50). When S. pauc:moblhs was grown in 1. 5 mg, 2.5 mg and 5 | i )
mg/50 ml MS chrysene medla respectlvely, highest cell densities of 2. 5x10’ 5. 9x10’ and }

6.2x10° (cfu/m) was obtamed (Flg 4.51), with Ps. putida, highest cell densmes of 1. 5x10’

7.5x10° and 1. 5x10“ (cfu/mi) was obtamed (Fig. 4. 52) while with Ps, arwlla hjghest ce]l
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densities of 1.5x10°, 3.2x10° and 4.3x10° (cfu/ml) was ohtained- eorrespondingly1l(Fig.

4.53). Population density (ODsoomm) of the media increased significantly (P<0.05) ccin'bared

to the controls. ' . o . i

4.10.2 GROWTH PROFILE OF BAC'I‘ERIA ISOLATES GROWN 'ON :

~ VARYING QUANTITIES OF DIESEL OIL | A ;

E

All the 1solates were found to utlllze varymg concentrations of dxesel oil as the sole source.

1
of carbon and energy as observed in the increase in cell mass multnpllcatlon. Highest c[ell _

densities of 3.9x10', 5.0x10'%, 1.6x10"" and 7.9x10° cfu/m! respectively were obtarin']ed
during A. anitratus growth in 3%, 5%, 15% and 30% diesel oil (Fig. 4.54). When A. mallei

was grown in the respectiire diesel oil, highest cell densities of 1.6x10', 5.0x10", 1. 6x1012

* X

and 5.0x10° cfu/ml were obtamed respect:vely ((Fig. 4. 55) while w1th A faeca]zs 3. 2;1:1014

2.5x10", 3, 2x10° and 1. 3x106 cfi/ml were obtained respectively (Flg 4.56). ' Iz
|

"~ Moreover, when Si pauc:mob;hs was grown in 3%, 5%, 15% and 30% diesel 01l

\
respectlvely, hlghest cell dens:tles of 3.6x10", 3. 6x1013 1.6x10% and 3.2x10° cfu/ml were‘

obtained (Fig. 4.57), with Ps punda highest cell densities of 1. 3):1013 3.6x10", 1. 6x10”u

—r—

and 2.5x10° cfu/ml were obtained respectively (Fig. 4.58) while w:th Ps. arwlla hjghest% |
cell densities of 3.2x10'%, 3.2x10", 3.9x10"" and 1.6x10° cﬁs/ml were obtained respectlvely !
(Fig. 4.59). Population density (ODgognm) Of the media increased ‘Is:gnlﬁcantly (P<0.05)

compared to the controls. Increasing the concentration of diesel oil resulted to a decrease in

cell mass proliferation.

o — — R
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Fig. 4.48.IGrowth profile of A. anitratus on varying quantities of chrysene

~+Log TVC (1.5mg)
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Fig. 4.49. Growth profile of A. mallei on varying quantities of chrysene

~-Log TVC (1.5mg)
- QD (1.5mg)

- Log TVC (2.5mg)
0D (2.5mg)

=+ Log TVC (Smg)
-~ 0D (Smg)

109

-+ Log TVC (control)
-~ 0D (control)



A0

!

‘, 0.35
_ 7] : +03
= 2
5 6 tos &
20 5- =3
E t ) T 0.2 =
- ot -;;
=2 + 0. =
<= 3 0,135 8
v o0 i =
:Y* =y 2 ] 0.1 =
= 8=
4
1 - | 0.05 O“"
0 % - T T : —_— 0
0 1 2 3 4 5 6 1 8
Time (days) ‘:
Fig. 4.50. Growth profile of A. faecalis on varying quantities of chrysene
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Fig. 451, Growth profile of S. paucimobilis on varying quantities 6f chrysene
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Fig. 4.52. Growth profile of Ps. putida on varying quantities of chrysene :
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Fig. 4.53. Growth profile of Ps. arvilla on varying quantities of chrysene :
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Fig. 4.54. Growth profile of A. anitratus on varying quanties of diesel oil
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Fig. 4.55, Growth profile of 4. mallei grown on varying quantities of diesel oil
~+Log TVC(3%) -+ Log TVC (5%)

+ 0D (3%) ~0DG%) ~ ~O0D(15%) ~0D@0%) | --OD (control)
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Fig. 4.56. Growth profile of A. faecalis on varying quantities of diesel oil
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Fig. 4.57. Growth profile of S. paucimobilis on varying quantities of diesel oil
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Fig. 4.58. Growth profile of Ps. arvilla on varying quantities of diesel oil I.
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Fig. 4.59. Growth profile of Ps. putida on varying quantities of diesel oil
~LogTVC (%)  =LegTVC(% = ~+Log TVC (15%)
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4.10.3 EMULSIFYING ACTIVITY | |
. , |

.Emulsxfymg activity (E24%) measured against different hydrocarbons (kerosene diesel 011

engine oil, hexadecane, dodecane and xylene) usmg both the mlcrobral cells and cel] free
[

extracts of the isolates grown in varying quantities of chrysene and diesel oil respectwely
’ -

were evaluated. ' : !
Microbial cells and cell-free extracts of the isolates grown on chrysene did not show any

emulsification activity against the various hydrocarbons tested. However cell-free extracts

'
i

. .. ) o :
from diesel oil media showed varied emulsifying activity (Fig. 4.60 - 4.64). Cell-free extracts

from 3% and 5% diesel oil had the highest emulsifying activity. Microbial cells of 4. faecalii'[s

grown on varying quantities of diesel oil also showed emulsitying activity unlike microbial

cell of the other isolates. '

4.104 HAEMOLYTIC ACTIVITY

Microbial cells of all the isolates cleared zones on blood agar plates when they werie
L.

cultivated in diesel oil media. This further conﬁrmed blosurfactant productlon usirig diesel Orl

J
3
t

~ as the sole carbon source. However haemolytic activity was not ob'served for cells and cell:-'

free extract from chrysene growth media. Haemolysis on blood agar plate by A amtrarus

from chrysene and dlesel oil growth media respectively is lllustrated in (Plate 4. 4)

j

\ _ 1 o
. . i 3 . . . l_ ;

i

; : .

-
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Fig. 4.60. Emulsify activities of cell-free extract of A. anitratus grown on diesel oil
N3% diesel oil [B5% diesedoll B 15% diesel 0il  B30% diesel oil
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Fig. 4,61, Emulsifying activities of cell-free extract of A. mailei grown on diese! oil

[ 5% diesel oil 15% dieseoil ~ B30% diesel il
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Fig. 4.62. Emulsifying activities of cell-free extract of A. faecalis grown on diesel oil
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Fig. 4.63. Emulsifying activities of microbial cells of A, faecalis grown on diesel oil
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Fig. 4.64. Emulsify activities of cell-free extract of S. paucimobili&, Ps. arvilla and :
Ps. putida grown on 5% diesel oil ' .'
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Plate 4.4. Screening of A. anitratus for biosurfactant production by haemolytic assay
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| ‘(Nwachukwuetal 2001). ' :. . l

CHAPTERFIVE .

s‘

DISCUSSION I

SOIL SAMPLE SITES AND DISTRIBUTION OF PAHS IN SOILS o

t 13

Polycyclic aromatlc hydrocaﬂ)ons (PAHs) released into the envnronment have been found to
b . ’

originate from many sources which include petroleum reﬂmng_and transport actmtles, éasolme
and diesel fuel oombuetion, wood treatment and coal mining; PAHs impacted soil-byiz crude
petroleum or its products spillages and deposition usually lead to soil sterility. This is blecause
crude oil, .particularly the aromatic fractions are aoutely lethal 1n concentration of a fel';»v ppm

(parts per million) and chronically letha! in sub lethal concentrations in ppb (parts per bl‘lillion)

!
However, bactenal strains have been isolated and identified that sm'vwed in the presence of the
i

pollutants and have degradablllty potennal (Ilori and Amund, 2000 Woo et al 2004, Santos et
al., 2008). Bacterial celis tend to detect temporal changes in the concentrations of speaﬁc

T )
chemicals  and respond behaviourally to these changes, thereby adapting to the ‘new

Sy i
concentration of the chemical stimuli through chemotaxis. Chemotaxis couid be positive'.l(the

S
microorganism migrates towards a compound) or negative (microorganisms migrate away from
ST

a compound). Both cases require concentration gradients of the attractant or repellent for a

chemotactic response to occur. This explains the presence of selective microbial consortia in‘a

. specific pollutant ecosystem. Some toxic organic compounds are chemoattractant for different

bacterial species, such as Pseudomonas sp. and Ralstonia sp (Gnmm and Harwood 1999

Bhushan et al, 2000), which could lead to improved degradatlon Studles have shown

improved microbial degradation of pollutants by isolates cultivated from samples of pollut1on
. - : !

sites (Johnsen et al, 2007). . ¢ B

R
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Therefore, mlcroblal seeding from PAH-c.ontammated soils was essential for rsolatmg HMW
PAHs degrading bacteria in this project. Degradation of hlgh molecular welght polycycllc
aromatic hydrocarbons (HMW PAHs) by the degraders could be accelerated due to }chermcally
induced selection or adaptation of the microorganisms as a.:_ result of previous expo{sure to the
pollutants. - “ - R | * o E B
In this study, PAHs contaminated soils were oollected from t‘our location's in Nigeria“that vrere
'potentlal sources- of PAHs These were Eleme reﬁnery, PortHarcourt coal mmmg snte
{Onyeama mme) Enugu, wood processmg site, Oshodi and dtesel -power generator sne Lagos.
These sites were observed ‘to have PAHs deposmon whlch could have resulted tjrom the
locations aCthltleS The presence of PAHs at the polluted sites ensured that the . 1solated
.bacterla would have had prevrous exposure to PAI-Is . | 1 o - | lli
Prev:ous studies have detected PAHs at reﬁnery sntes petroleum handlmg facrllmes urban _

areas with mcreased vehlcular activities (Kluska 2003, Coral and Karagoz 2005 Zhang et aI

r
i

s

2006, Ngan]e etal,2007). ' _ '

e

S

Lo .t

ISOLATION, ADAPTATION, SCREENING AND SELEC‘TION OF THE BEST

t
A
!
1[
(.
!
i
HMW PAHS DEGRADING BACTER]A l
r

Ennchment culture techmque used in this research ensured the selectwe 1solatron of HMW .

PAHSs degrading bacteria from the soil samples. . S t
In order to select the best HMW PAHs degradmg bactena, the bactenal lsolates were screened

L.
by zone clearance on HMW PAH coated MS agar plates and subsequent growth in MS HMW

PAHs broth. This was because, Supaka ef al, (2001) found that desplte clearance of zone on
lv
phenanthrene-coated agar plates, some strains of Sphmgomonas; was not able to degrade

phenanthrene in liquid medium. '

b

T

120



}'\J

“'fg.)

IDENTIFICATION OF THE SELECTED BEST HMW PAHS DECRADING
. T - [ - .

The six bacteria isolates were selected as the best HMW PAHs degraders because theylutilized

the HMW PAHs (chrysene, fluoranthene and pyrene) as sole carbon and energy soirce for

growth indicated by clearing zones on MS HMW PAH agar plates. They also showed
) ?

increased turbidity of the MS HMW PAH media compared to controls. This was in accordance

with previous study where clearing of zones on MS PAH agar plates and increase in turbidity
o i

of media has been used to isolate PAHs degraders (Ilori and 'A_mlund, 2000; Supaka et .a!.,-‘I 2001;.

Haimou ef al., 2004). - » ;,

L !‘
Based on the procedure of the isolation adaptation, screening and selection, the isolated HMW

PAHS degrading bacteria could therefore have apphcanon in both solid and liquid phase HMW

L

PAHs decontamination. Thls protocol also ensured that the 1solates could utlltze and degrade

the HMW PAHs concomltantly.

t o "'!"
N ‘.,l
. ‘

BACTERIA = ' .

LA
i

[ -—L—".sz —

The six bacteria isolates selected as the best HMW PAHSs degrad'ing bacteria identiﬁed based
l Lo i )
on blochem:cal and morphologlcal characteristics showed that they were Acmetobacter
. 3 ‘ .
anitraius, Acinetobacter.' ' mallet Alcaligenes Jaecalis, Sphtngomonas pauc:mob:hs

- |

Pseudomonas arwlla and Pseudomonas putida. These six Gram negatlve rods were able to --

utilize chrysene, fluoranthene and pyrene as thelr sole carbon and energy SOUTCE. Itis hltherto B
N

|
unreported of the identification of these 1solates as concomitant utlllzers of the three I-]MW

PAHs (chrysene, fluoranthene and pyrene) as sole carbon and energy sources.

1.
LN

i
l
l
l
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GROWTH OPTIMAL pH AND TEMPERATURE OF THE SELECTED HMW LY

PAHS DEGRADING BACTERIA = SRS I

The six isolates had wide range of pH tolerance of 5.0 - 9.6 exhlbltmg best growth at pH 71- -_ , .

L

7.5. They also showed growth at température range of 20°C 45°C This result was ilmllal' to .
those reported by Kim e/ al, (2005) and Zhao et al., (2008) o'n microbial physiological growthl ‘

condition, pH and temperature values.observed in Nigerian eri}virons (Nweke and Okpokwasili

i

2003). These indicated -their possible use in Nigerian terrestrial polluted soils and L;aquatic

waters ' ' - : ‘;

!
+

GROWTH POTENTIAL OF THE SELECTED ISOLATES ON’ LIQUID
‘r .

T
3

HYDROCARBONS AND DIFFERENT PAHS

Microorganisms for potentlal use in bioremediation of PAHs pollutcd sites must have the

ability to blodegrade a wide range of hydrocarbons since in most mstances PAHs ex1§t as

Co r..

mixtures in the presence of other hydrocarbons. . |
: ; o

In this study, the isolates degraded at varying degrees both tested liquid and solid hydfocart':ons '

, ; : o
. . . . . : i
such as crude oil, kerosene, diesel oil, engine oil, anthracene, naphthalene, phenanthrene,

chrysene, fluoranthene and pyrene, utilizing them as sole carbon and energy source. Analogbus

results were reported by other workers showing the degradation of solid hydrocz-ifbons by

microbial population$ in oil contaminated soil (Margesin, et al., 2003). The present fesults a';re |

1

also in agreement with the findings of bacteria growth on media containing liquid and soiid
hydrocarbons as the sole source of carbon (Siddiqui and Adams, 2002; Survey et al.,2004). . i

The isolates degradation of crude oil and its petroleum pl‘OdUCtS' ciiesel oil, enginevbii and
‘!

kerosene indicated the potentlal use of the isolates in bnoremedlanon of oil poIIuted sntes in

4o

Nigeria. : o -
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 AROMATIC HYDROCARBONS | RS

In terms of low molecular weight PAHs (LMW PAHs) ,dbgradation by the i'solziltes, the
. | e .

VT

observed 100% degradation of anthracene, naphthalene and ‘:phenanthrener conﬁrm"ed that

'

LMW PAHs are readily biodegradable by microorganisms This is in agreement with'-‘ earlier
findings (Haimou et al., 2004; Kim ef al., 2005). Sphmgomonas aromaticivorans B0695 has
been 1dent1ﬁed as LMW PAHs degrader (Janikowski ef al., 2002) Pseudomonas aerugmosa

Alcaligenes eutrophus, Bacillus subtilis and Micrococcus Iutetus were isolated from crude oil
, b
polluted soil as anthracene degrader (llori and Amund, 2000). :i, S
. ; b
Regarding HMW PAHs utilization as the sole source of carbon and energy and possibly

degradation, previous studies have shown that HMW PAHs ant% recalcitrant, persistent.and

barely degraded (Kanaly and Harayama, 2000; Samanta ef al., 2002). Some bacteria have b?en

~ isolated that degraded HMW PAHSs via co-metabolism or in the presence of surfacté;nts

(Boonchang ef al., 2000; Juhasz and Naidu, 2000; Makkar and Rockne 2003). A strain "i‘of
Sphingomonas P2 was observed as phenanthrene degrades and co-metabolised fluoranthene
‘ ' -

)

and pyrene (Supaka et al., 2001). _
s

However, present study results showed degradation of HMW PAHs (chrysene ﬂuoranthene

and pyrene) by bacteria that utilize them as sole source of carbon and ¢nergy.

'l
[
i
‘ o R }
|

3

BIODEGRADATION OF HIGH MOLECULAR WEIGHT POLYCY CLIC

}
|
i

t
3

microbial degrader Thus, bloaugmentatlon of contammated soils should be preceded by series

of laboratory evaluatlons aimed at analyzmg selected mlcroorgamsms capacuy to colomze and

degrade the pollutant (Sabaté et al, 2004). | _ ' _‘ ' o |

i
t

i
. ¥ .

_ Bloaugmentatlon efficiency is a function of the degradatlon potentnal of the moculated -

e g T



degradation potential. :_: A 2

PAHs especially the HMW PAHs occur in various ecosystems and are priority pollutants due

to their potentlal toxicity (Castorena-Torres ef al, 2008 Topmka el al., 2008) There is

3

therefore the need to study ways of remediating PAHs po!luted sites.

Moreover, PAHs usually occur as a mixture of both LMW and HMW PAHs (Guha et al,

r
1999; Leblond et al, 2001) The success of most PAHs blorcmedlatlon prolects has beenif :

t

limited by fallure to remove the HMW PAHs, this is further compounded by the exxstence of
HMW PAHs in complex mixture (Leb]ond et al, 2001; Lotfabad and Gray, 2002) The

recalcltrance of I-[MW PAHs to mlcroblal degradatlon has Ied to research gocused on

. '
evaluatmg a w1de phylogenetlc spectrum of mtcroorgamsms possessmg HMW PAHs

PR . . . ; )
IR 3

|

. In this study, of the six bactena lso]ates A. anitratus, A mal!e: A faecahs S pauc:moblhs )

Ps. arvilla and Ps put.rda zsolated and 1dentlﬁed as HMW PAI-Is degraders A. am!ratus A :

-
mallei and A. faecahs easily lost their HMW PAHSs degradation potennal as such; they were

excluded from the detalied biodegradation of HMW PAHs studies. ,
}

These ﬁthher buttress the need to search for stable and 'suitable bactena degraders of HMW

" PAHs. It also gave insight to the recalcitrance of HMW PAHs in the environment due probably

to the ecotoxicity of HMW PAHs to possible degraders S pauc:mab:hs Ps. arwIJ[a and Ps

- putida were sub}ected to degradatlon of individual HMW PAHs (chrysene, ﬂuoranthene and '

pyrene), mixture of the HMW PAHs and in the presence of phenanthrene HMW PAHs

i,

degradation was evaluated in terms of residual HMW PAHs, total viable count of lsolates,
. . | . ot 1||;‘ . .
population density (ODéoonm) and pH of media during degradation. 3

£
ot
'

!
{
i
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Residual chrysene after 8 days of degradation of 100 pg/rnl was 30.5+0.3, 40.610.7 and

!

RESIDUAL PAHS DURING PAHS DEGRADATION

17.2+0.2 (pug/ml) respecnvely using 8. paucimobilis, Ps. arvilla and Ps. punda while 21 3+0.2

and 12.430.1 (pg/ml) respectlvely was obtained using consortium and consortium in the
! 1

presence of phenanthrene correspondingly.

Residual fluoranthene aﬁer 8 days of degradation of 100 p_lg/ml was 2.0+0.1, 2.0+0.4 and

0.02+0.07 (ug/ml) respectively using S. paueimobilis, Ps. arvilla and Ps. putida while 2.2+0.8
. g

and O.ZiO.S (pgfmlj respectively was obtained using conéortium and consortium in the
: i
presence of phenanthrene correspondmgly ’

‘r
!

Furthermore, residual pyrene after 8 days of degradation of 100 pg/ml was 0.060. 2 6.54£0.6
and 6.6:EO.4 (ng/ml) respectlvely using S. paucimobilis, Ps. arvilla and Ps. puada while

10.6+0.8 and 0.7+0.2 (ug/ml) respectively was obtained usirg consortium and consortium in

the presence of phenanthrene correspondingly. - Co . ;

The above residual HMW PAHs showed that fluoranthene was better 'preferred as the sole

t

carbon and energy source and thus better degraded by the isolates Amongst the bacteria.

‘ lsolates Ps. putida may be the better isolate for field tnals in degradmg the HMW PAHs

P
however pyrene was better degraded byS paucimobilis. I f .*'; '

M

*

Individual 1solates degradatnon of mixture of the I-MW PAHs (100 p,g/ml each) resulted to

residual chrysene of 40 2+0.4, 40, 3:tOZ and 27 4:i:0 8 (pg/ml) respectwe]y after 8 days of _
P t
degradatnon by S. pauc:moblhs Ps. arwlla and Ps puttda Moreso consomum degradation of

! .
a mixture (100 ug/ml each) of the HMW PAHs and mixture in the presence of phepanthrene'_ '
respectlvely, resulted to residual chrysene of 11. Si:O 4 and 0 45t0 03 (ug/ml). . i -
Degradatlon of the HMW PAHs mixture by the 1ndlv1dual isolates resulted to reSIdual

fluoranthene of 32.5+0.3, 35.4+0.2 and 10.1:0.5 (ug/ml) respectwely by S. pauczmobzhs Ps

e
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arvilla and Ps. putida whereas as a consortium, degradati'on' of mixture of HMW- PAHs and

mixture in the presence of phenanthrene gave re51dua] ﬂuoranthene of 6.2+0.3 and 0 02:t0 02

- r', 4
‘ Ty

(ng/ml) respectlvely : - Co . -

: Nevertheless when the HMW PAHs were degraded as ’a mrxture (100 pg/m] each) by S
' paucrmobrhs Ps arwlfa and Ps. purrda respectlvely, resrdual pyrene obtamed was 37. Sﬂ:O 2,

342404 and 32.0:1:0.2 (ng/ml). Consortium degradation of a mixture of the HMVlV PAHs and

. ¥ o
mixture of the HMW PAHs in the presence of phenanrhr'iene respectively resulted to residual
pyrene of 6.0+0.8 and 0.2+0.04 (ug/ml). 1

!

These results showed the potential of the isolates in concomitant degradation of chrysene,

fluoranthene and pyrene. Previous studies showed the poténtial of a strain of Sphingomonas sp.
. . k

Strain P2 capable of co-metabolism of HMW PAHs such fluoranthene and pyrene in liquid

medium supplemented with phenanthrene (Supaka et al,, 12000). In another study, it observed

that HMW PAHs could be mineralized by fungr-bactenal cocultures (Boonchang ‘et al 2000). -

However, mycobacterium species have been found to blodegrade PAHs such as ﬂuoramhene

fluorine, phenanthrene and pyrene (Bastiaens ef al., 2000; Pagnout et al., 2000). ;

In this study, the observed relatively higher residual HMW PAH ‘when the orgamsms were _‘

used as individual isolates compared to when they were used as a consortium to degrade

i .
mixture of the HMW PAHs may be as a result of the constltutrve toxicity of the HMW PAHs
to the individual isolates affecting their degradation. ThlS may account for the per51stence of

HMW PAHs in the environment colonized by speciﬁc bacteria consortia. The collective

metabolism by the mixed culture of the isolates may have resulted in erihencedl HMW PAHs
L] i : .

-utilization since intermediary biotransformation products from one isolate may serve as

substrate for catabolism and growth others (Johnsen ;zl al., 2005). Bouchez et al, (_1995)

i

e o

* - 126

S e ek s ey



b

by

i

suggested that degradation of PAH-mixture may be as a result of a co-operative. process
. o
k.

involving a consortium of strains with complementary capacities. p-

It was also observed that there was delayed chrysene and fluoranthene degradation reépemively

)

in the presence of phenanthrene. This may be as 2 result of preferential util;lzation of
phenanthrene as carbon source and may account also for the persistence of HMW PAHs in the

' |
environment. This is in accordance with previous research that microbial strains could degrade
!

several PAHs but preferred one (Tadros and Hughes 1997).. o . | -
However, degradatlon of the HMW PAHs in the presence of phenanthrene lead to mcreased '

degradation of the PAHs in both individual and consortium pamc:lpatlon One of the strategxes

proposed to enhance the degradatlon of specific PAHs is to offer bacterla metabohc or pathway :

~ inducers to stlmulate both selectwe growth of PAHs degraders and induce PAHs nletabolism.

5 .
The potentlal pathway mducers which may be LMW PAH or mtermedlates produced durmg
I
PAH degradatxon mcludes phenanthrene sahcycate, sahcylaldehyde 1-hydroxyl-2-naphthoate

and catechol. Prewous studles have shown that some pathway inducers could stlmulate PAHs
1 i .

degradatlon (Chen and Altken 1999 Ogunseitan and Olson 1995 Woo et al, 2004) Thus the

presence of phenanthrene may have resulted in the produchon of metabolic mtermedlates

1

Whlch axded in the hlgher rate of degradatlon of the HMW PAHs compared to degradatlon in-

i
|

the absence ofphcnanthrene. ' ' o

= e

. : ' 1
Therefore, in terms of achieving a quicker and efficient bioremediation of HMW PAHSs
' : 3 ‘
! L |
polluted sites, using a consortium in the presence of a supportive growth substrate may.be ideal

r

“due to synergistic effect. ' ' S

From the results, it was observed that the trend of degradabmty of the PAHs was
Phenanthrene>Fluoranthene>Pyrene>Chrysene. The physio-chemical propemes of PAHs have '

been found to affect their degradability and thus their persnstence in the envnronment.
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" degradation of mixture of HMW PAHs by mdwndual isolates and may mdlcate the toxrcrty of

E

Phenanthrene is a tricyclic. aromatic hydrocarbon with molecular weight of 178 and water
i

solubility of 1.29 mgl™. Fluoranthene 1s a tetra aromatlc hydrocarbon wnh molecular weaght of f

!

202 and water solubility of 0.26 mgl™,

weight of 202 and water solublhty of 0.13 mgl” while Chrysene 1s also a tetra aromatrc‘ :

hydrocarbon molecular weight of 228 and water solubility of 0.002 mgl (Boopathy, 2000)
From these, it could be seen that the number of rings, molecular werght and water solublllt
may have accounted for the trend in the biodegradation of the PAHs. Il
|

GROWTH OF THE ISOLATES DURING PAHS DEGRADAT]QN

Primary metabolism of an organic compound has been defined as the use of the substrate as 4

source of carbon and energy (Johheen et al., 2005). Degradation of:the HMW PAHs by thle
individual isolates and consortium led to increase in total viable cell. This was an indication
that the HMW PAHs supported microbial biomass production even as sole source of carboh

and energy. This is in accordance with previous studies (Yolcubal er. c’d 2002). L

'J

It was observed that the presence of phenanthrene greatly increased biomass productlon Thls

may reflect the enhanced degradation of HMW PAHs in the presence of phenanthrene and the

ST

.
microbial growth supportive role of phenanthrene. Fluoranthene better supported blomass,

: N
generation than the other HMW PAHs, this may reflect its better degradation than the other
6 {

1

HMW PAHs which may also be as a result of its physio-chemical properties. !
In degrading mixture of the HMW PAHs, it was observed that in_dividual isolates biomaés

‘generation were lower compared to the consortium. This reflected the observed lower

mixture of HMW PAHs to the mdwndual isolates and may account for HMW PAHs persrstence

. 3
! . o 'i“l.""'.

mtheenwronment. _ . - e T
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There were changes in th_e\ pH of the experimental media either towards acidity or alkalinity
. . - . b . . * .

POPULATION DENSITY OF ISOLATES DURING PAHS DEGRADATION

The population density (Oﬁﬁomm') of the isolates increased comparéc_i to the control§ as
degradation of the HMW PAHs proceeded. This was an indica'tion; of metabolic activity
reflected in the increased cell mass. Researchers have sﬁown that populétion densitf (ODsoonm)

increase in media is a measure of degradation, proliferation of cell -mass and secretion of’
\_

extracellular products (Khahd et al; 2004; Kyung-Su et al, 2005) The presence of’

phenanthrene in the degradatlon of HMW PAHs enhanced the population den51ty (ODm,,m) of .
i : a
the isolates reflecting 1ts_; role in biomass generation for degradation. o o

ooy

pH OF MEDIA DURING PAHS DEGRADATION _ _— f '

' 1

. r . ) L.
compared to controls during the degradation of the HMW PAHSs.: These changes signified
metabolic activity leading to production of acidic or alkaline metabolites which indicated

¥
! I

breakdown of HMW PAHs. -

i e

Production of acidic metabolites dhring PAHs degradation has been reported to occur at the |

f

initial ring cleavage while metabolism of catechol, the lower metabohc pathway mtermedlate

of PAHs, leads to the production of metabolites that shlﬂs pH of media towards alkallmty ,

(Rehmann et al.,.2001). . - s :
: !

In this study, the observed pH shift of the experimental media from 7.2 to 6.8 during chrjzs‘ene
degradation by the individual isolates of S. paucimobilis and Ps. é:rw‘lla may indicate tha£ the
degradation was predominantly at the initial ring cleavage stage. However, with Ps. punda, the
pH tended towards alkalinity. Furthermore, the pH shift towar(_l's alkalinity observed dgj'ring

' . . r

individual isolates degradation of fluoranthene and pyrene respectively, may also indicate the
. S
! ;
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production of metabolites. of the lower metabolic pathway. This t?us' may imply that 'the: .

isolates had degraded the HMW PAHs towards completion. - : | o
P ‘ ,

It could also be mferred that degradation of mixture of the HMW 'PAHs by the mdmdua! :

_1solates during the experimental period was predommated by 1mt1al ring cleavage reactions,

thus the observed higher residual HMW PAHs compared to individual isolates degradation q‘f -

single HMW PAHs. : | B | S

Moreover, during degradation of single and mixture of HMW PAHSs hy the consortium, the pH
. . : 3

also shifted towards alkalinity. This may indicate that degradation prg")ceeded towardsrcomple{e

elimination of the HMW PAHs. This was also reflected in the log'ver residual HMW PAHs

obtained during consortium degradation, a similar result was observed in the presence of

phenanthrene. It can therefore be inferred that monitoring pH of mec_'iia may be used to monitor

the progress of HMW PAHs degradation. _ : !
. ' - 1
}

1

ENZYME STUDIES
L

Bacterial PAH degradation occurs by successwe oxldanons catalyzed by d:oxgyenase that

I - .

require iron as co-fator (Juhasz and Naidu, 2000; .hang et al, 2004) PAHs are degraded to

catechol by catechol dloxygenases whlch catalyzes the ring cleavage of catechol and 1ts'

derivatives in either an intradiol or extradiol manner at the lower metabolic PAHs degradati‘on
pathway leading to tricarboxylic acid intermediates, carbondioxide and water. “ g
* | | oo

3. pauc:mob:lrs exhlblted catechol 1 2-d|oxygenase actlvny (EC 11311 1) wh;le the !Ps

arvilla and Ps. putida exhlblted catechol 23-dloxygenase actlvnty (EC 1 1311, 2) These_
{ S

- enzymes were partlally punﬂed and charactenzed in thls study. Catechol ],2-d10xygenase ?f S.

r

paucimobilis was purified to 23.0 purification fold with specific activity of 7.14 Umg Prcat:lein"l .'
. ' . . ' . . - F . ] ]

. ' ’ . I '
while purification fold of 17.5 and specific activity of 5.24 Umg Protein™ were obtained for’

.
i
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catechol 2,3-dioxygenase of Ps. arvilla whereas for Ps. putida catechol 2,3-dioxygenase,
R

1

purification fold of 18.3 with specific activity of 5.66 Umg Pr‘otein'l;'were obtamned. - E o
Catechol dioxygenase of S. paucimobilis, Ps. arvilla and Ps. ptj;tida showed two diﬁ'er:ent
peaks from DEAE-Sephadex A-50-120 .ion-exchange chromatofgraphy. The two enzy’me
fractions peaks may represent two isoenzymic forms of the catechol dioxygenase enzyme

There was no significant difference between the activities of the two peak enzyme fractlons of
each organism. Molecular weight estimate .of the two enzyme ﬁactlons peaks by subjectlng
each peak fractions to Sephadex G-25-300 gel filtration showed that catechol 1,2- dtoxygerlnase
of S. paucimobilis had 86.4 kDa (Isoenzyme 1) and 98.4 kDa (tsoenyme ). Catechel,;2,3-

dioxygenase of Ps. arvilla showed molecular mass of 55.2 kDa (lsoenzyme I) and 62,.0 f‘kDa

(Isoenzyme II) whereas catechol 2,3-dioxygenase of Ps. putida showed molecular welght of

116.0 kDa (Isoenzyme I) and 118.4 kDa (Isoenzyme II). Prevnous studies have shown the -

;

existence of catechol dioxygenase enzyme in isoenzyme forms. Catechol 1,2—dloxygena?e of
: : 4
Acinetobacter radioresistens was isolated as an tsoenzyme with inolecular weight of 38. 6 and
$

37.7 kDa respectlvely (Briganti et al, 2000) Catechol 2,3- dloxygenase of Pseudomonase

putida has been found to have molecular weight of 135.0 kDa (Kaschabek etal, 1998) In this

l' "1 P

study, the two tsoenzymes.exhlbtted about the same actlv_nty towards catechol and were p_ooled
for subsequent analyses. - B B : F

Catechol dioxygenase- of S. paucimobilis, Ps. arvilla and Ps. puﬁda exhibited activit'y‘.at :

i J

' temperature range of 30°C 45“C with the enzyme of Ps puttda extendmg to 50°C The

optimum temperature obtamed was at 45°C, 45°C and 50°C reSpectlvely for §. pauczmobtlrs “

2

Ps. arwt‘la and Ps. puﬂda The enzymes had activity at pH range of 5.0 - 8.0, with the enzyme'

of Ps putida extendmg to 9.6. The optimum pH obtained was at 8.0, 8.0 and 9.6 respectlvely

l . P D
i’
T
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for 8. paucimobilis, Ps. arvilla and Ps. putida. These are in accordance with previous work of
kaschabek ef al, (1998) and Mars e/ al., (1999). | i | | t

In this research. it was observed that Fe** led to increase in activity of catechol 2.3-
dioxygenase of the Pseudomonas sp. whereas Fe** increased catec‘hol 1,2-dioxygenase aéli_vity
of S. paucimobilis. This is in 'accor_dance with previous studi{es which indicated thaE_ both . °
enzymes use non-llaem iron as:.the sole cofactor (Briganti ef al., 1997; Lin et aI., ﬁO_OO; Piiegert '

. el al, 2001; Hitomi et al, 2004) The catechol 1. 2—dioxygenase intradiol cleavage enzyme

-

-cofactor is'in the fernc state whereas the 2 3-dloxygenase extradlol cleavage enzymes 1sim the

ferrous state (Strachan et al., 1998). Heavy metals Co**, Cu®" and Agt resulted to significant
¢ . . . i - B . -

decrease in catechol dioxygenase activity. A' This showed that some part o_f -_the enzy_nje was -

i ' ’ _— . "ot
\ : . P

accessible to inhibitors. ‘ : h - I o ; .

F 1

Present study also showed that catechol 2 3-droxygenase of Ps punda exhiblted stronger -
| TR

¥

affinity for catechol than the other isolates with Km and Vmax of 1.9+0.3 yM and 58 Sil 2 :

'Umg Protein™ respectlvely Catecho] 1 2 -dioxygenase of S. pauc:mobzhs had Km of 2 120.2.

S
uM and Vmax of 53. 7:h0 9 Umg Protein™ while. catechol 2 3vdloxygenase of Ps, arwlla had '

Km of 2.0+0.5uM and V max of 57.5+0.3Umg Protein’’. Similar results have been obtamed for’

I

other catechol dloxygenase enzymes (Mars et al, 1999 Brlgantl et al 2000).

B

MOLECULAR STUDIES _ _ L sy
: S
This study has revealed the possession of plasmid by the six HMW PAHs bactena degraders

which mediated their degradation of the HMW PAHs AJ[ the ¢ snx HMW PAHs degraders were
f y
found to harbour multiple plasmids, molecular welght range of 2.0 - 12.8kb with srmllanty

amongst the isolates. Similar studies have shown the possessnon on plasmids by PAHs

degrading bacteria (Filonov ef al 2000, Coral and Karagoz, 2005) , t

.
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8 5.9 kb EcoRI fragment encoding a chemoreceptor Nah Y adjacent to the catabolic gene m

-in aromatlc hydrocarbon degradatlon (Cerdan etal., 1994 Cho and K1m 2001) _ : I

The plasmids of the isolates were transferable to their cured isolate and other organisms

qo o [

generating new mutant isolates with differed degradation rate. This is an important factor fora -~
: ) . i .

- potential candidate in bioremediation studies in that a potential candidate should be able to

survive in the environment and transfer its degradation gene to surrounding organisms. Gen?ti(':,

exchange by horizontal gene transfer contribute to acquiring new catabolic pathways' in

.
o

| ’ l
microbial communities present in diverse environments (Christensen cf al., 1998). Studies have

1
'

shown transfer of plasmid-encoded NAH-genes between phlogenetically different membersiof

the bacteria community (Herrick et al,, 1997; Stuart-Keil et al., 1998)

Apart from plasmid involvement in degradanon plasmids may also be involved in chemotaxm .

whereby microorganisms migrate towards specific carbon source site. Studles have shown that

i

NAH7 was involved in naphthalene chemotaxis (Grimm and Harwood, 1999). Another o

naphthalene and salicylate-degrading plasmid, pRKIJI, transferred into_plasmid-free P. putidla

KT2442 resulted in the acquisition of chemotaxis and degradation, properties (Samanta an}d
Jain, 2000), as such plasmids of the HMW PAHs degraders could also have been involved in

chemotaxis activity. |
;

Catechol dioxygenase actmty has been found to be encoded by plasmld of organisms mvolved

B i
i

Therefore because of the enormous pracncal importance of conjuganve plasm1d transfer 1'

could be exploited for enhancmg degradatlon capablhtlcs in bloreactors or contammated smls

171 *

(Bathe ef al., 2005). Tl'ns factor is also 1mp0rtant in commercnal productlon of novel HMW '

+

PAHs degraders ‘ L

b ¥
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BIOSURFACTANT PRODUCTION . o S

In this study, the HMW PAHs degraders were evaluatéd'tbq biosurfactant production when '

‘ , . i
cultivated in varying quantities of chrysene and diesel oil. O_ne' of the main reasons for the -
prolonged persistence of HMW PAHs in contaminated sites is ;their low water solubility which

i
I t

increases thelr sorption to sorl particles and limit thelr avarlablhty to blodegradmgg

microorganisms. Thus, approaches .to enhancing PAHs blodenradatlon oﬁen attempt to
increase their apparent solubility by treatments such as addttlon of synthetic surfactants or
r . 1, . : L. lt ‘__-‘ .

biosurfactants (Barkay ef al., 1999). £
i

[P

l :
In this research, A. amtratus A. mallei, A. faecalis, §. paucrmobrhs Ps. arvilla and Ps putrda e

were able to utrltze various tested quantities of chrysene and dtesel 011 as sole source of carbon

and energy indicated by. microbial growth and turbidity of: culture media. In_creas‘lng the :
: ‘ !

quantity of chrysene from 1.5mg/50ml to 5mg/50m! did not inhiblit microbial growth rather the

organisms adapted by utilizing it for growth multiplying in?cell density and incredsing in

turbidity of the culture media, but growth rate decreased with :Iincreasing chrysene quantity. A

q

Similar report has been given by Yuan e al, (2001). il i
The iowered microbial growth of A. anitratus, A. mallei. and no difference observed for A. |

Jaecalis at 5 Omg/SOml chrysene compared to their growth on 2 5mg/50ml may mdu:ate that at

1

5.0/mglml chrysene, these isolates degradation potentlal was affected. This Justlﬁed their

exclusion in the biodegradation studies carried out in this research. ;
This further indicated that S. paucimobilis, Ps. arvilla and Ps punda perhaps adapted better -

compared to A. anitratus, A. mallei and A. faecalis to toxicity of the HMW PAHs even: though

all six isolates are good degraders of HMW PAHs. !

All the six isolates were found to utilize 3%, 5%, 15% and BQ%' diesel oil as the soleElcarbon
o
and energy but as the quantity of diesel oil increased, microbiajl biomass generation decreased.

i P
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productlon ' oy P | :' DR

|
[

15% and 30% diesel oil decreased isolates biomass prohferatlon compared to 3% and 5%

' ¢
! - i

diesel oil, but 5% diesel oil best supported cell mass generatton.i . |
|, : ,

This research work showed that extracellular fluid of all six isc‘:rlates growth media cbntaming: '

dieset oil had emu]siﬁcation-‘activity on various hydrocarbons such as kerosene, diesel oil,
. i
: ,
engine oil, hexadecane, dodecane and xylene. This may, indicate the production of

I
|
|
.
! Lt

biosurfactant by the isolates when grown on dlesel oil.
|

The emulsification activities were found to be dependent on %the test hydrocarbons and the
source of extracellular fluid. Extracellular fluid from 3% and 5% diesel oil showed; better

- emulsification activities than those from 15% and 30% sugges:ting' toxicity and inhibit:lon of

1 ' .
. {

microbial growth, increased constrain of microbial assess and poor solubilization of 15% and

I !

30% diesel oil. ThlS ‘may also reflect why crude oil and its petrochenucal products; cause
I

{.
l

stenhty of agrlcultural so:ls and persist in the’ enwronment .The b:oavaulablllt),rI of a

contammant is control]ed by a number of phys:co-chemlcal processes such as sorpt:on and

)
desorptlon dlffusmn and dlSSO]I.lthn (Igbal et al, 1995; Johnsen et a! 2005) as such 15% and

|

. 30% dlesel oil ‘may have not been sufﬁclently avatlable to the :solates for blosurfactant

h

e : P ":'
1

In the case of 4. faecahs its mlcroblal celis and cell- ﬁ'ee extracts from dlesel 01l growth medla
. b

IS ‘ A

emulsnﬁcatlon actmtles were hlgher than the cell ﬁee extracts tlus suggested that A. faecalrs e

b ’l

l_ .
l\-“

isolates harvested from the various quantmes of dresel oil growth medla showed no SIgmﬁcant
l

emuls:ﬁcatton of the hydrocarbons tested This suggested that A amrratus A mal]ez S

paucrmobzhs Ps. arw!la and Ps pur:da blosurfactant productlon m the presence of d:ese] 01l

B

may be wholly extracellular.

135
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However, microbial cells and extracellular fluid - of all snt isolates grown on the varymg.

quantities of chrysene showed no emulsxﬂcatton of the dlf’ferent hydrocarbons tested. Thxs may’

indicate that the organisms do not produce emulsnfier usmg chrysene as the sole carbon and

- t
energy source. Previous studtes have shown that blosurfactant productlon is carbon source '

dependent (Maneerat 2005) Neveztheless non-emuls:ﬁeatton does not totally rule out ‘
. p : l

biosurfactant productlon, other parameters such as surface t‘ensnon and adhesion may be

investigated. Some biosurfactants have be found to enhance blodegradatlon of low-solubnltty

I | i )
hydrocarbons by mechanisms other than ‘micelle solubilization (Barkay et al 1999)

' ¢
All six- isolates were tested for haemolytic activity, which islregarded as an indicatjve of

biosurfactant productton and used as a rapid method for bactenal screening (Lin, 1996)

g
Cleared zones on blood agar plates were observed for all six lsolates grown on dtesel oil whxle
isolates grown on chrysene showed no haemolytic activity. Ag'am, non-haemolysis does not

totally suggest non-biosurfactant production using chrysene as the sole carbon and energy
. i : o
source, this is because there are studies where organisms showed no hacmolytic activity yet

l

produced biosurfactant (Hsueh et al.,, 2007). Therefore, this study has been able to show that

the six 1solates could be used to produce b:osurfactant which was shown to be carbon sdurce
l

dependent.
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2.  The isolates were combetent to degrade the HMW PAHs either as individual

CHAPTER SIX ; e

SUMMARY .
1. This research has isolated and identified indigenous bacteria strains; Sphingomonas
paucimobilis, Pseudomonas arvilla and Pseudomonas putida ‘capable of concomitant
degradation of high molecular weight polycyclic aromatic hydrocarbons (HMW PAI{s)
such as chrysene, fluoranthene and pyrene which are classified as' priority pollutants due tLo

their recalcitrance, persistence toxicity and ubiquity The HMWiPAHs degrading bacteria

showed potential use in remediating crude oil and petrochemical products poiluted sites as

".
A

[

such could be employed in Nigenan petroleum polluted sites.
1 -

i

isolates or as a consortium however consortium degradatnon of both individual and mixture .
i . . P

of the HMW PAH resulted to a’lower res:dual HMW PAHs during the degradation penod -

It could therefore be that the use of consortium may be ideal in field tnals N J '
! ' ’ i f

3. This study also showed that constltutwe tox:crty of mlxture of HMW PAHs to

ST [

microbes may be a contnbutory factor to their persrstence in the énvironment. This may be
- N ! ) . L }

compounded by the competitive interactions of mixture of PAHs' with respect to microbial

enzyme system and the preferential utilization of certain PAHSs as source of carbon.
| ' © -
4. The HMW PAHs degrading bactena from this research showed active catechol

dioxygenase enzyme activity 1nvo]ved in the catabollsm of HMW PAHSs to tncarboxylic

¥
acid intermediate thus tending towards complete elimination of the pollutants. In this study,-
. I !

catechol dioxygenase enzyme of the isolates were partially p_l;::rif_ied and characterized. |

Enzyme activity could be enhanced in the presence of iron as cofactor. | : -
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horizontal degradation gene transfer in field apphcatnon.

5. HMW PAHs degradation genes of the isolates were found to be plasmld medlated

The lsolates showed potential transferability of their degradatnon genes essentlal for '

ey e e

T

6. Evidence was shown that the isolates could be used to produce biosurfactant Wthh
, ) ﬁ !,
is of industrial importance. o r 1

In conclusion, this study has been able to isolate and identify indigenous bacterial isolates
T .

which could be used in clean-up of HMW PAHs polluted sites, crude oil and petrochemical

polluted sites in Nigeria. Efficiency of the isolates HMW PAHs degradation potential may

be characterized by their intrinsic tendency to degrade HMW PAHs especial in complex

mixture, possession of efficient catechol dioxygenase activity and the ability to acquire or
. ! L
r.

transfer and express degradation genes. , .
. ) t

f
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. This study has isolated and identified indigenous bébteria; S. paucimobilis, Ps.

CONTRIBUTIONS TO KNOWLEDGE

¢

;
|
I
|
}

f

arvilla and Ps. putida caf)able of degrading recalcitrant high molecular weight
H ! . i i
polycyclic aromatic hydrocarbons, crude oil and petrochemical products for which

they could be employed in remediating PAHSs and oil sf)ill sites.

I
f’

. The HMW PAHs degrading bacteria either as ir_ldividu}il isolate or consortium ;were

!

hitherto unreported as concomitant degraders of chrysejne, fluoranthene and peréne.

1 l .

. The bactena isolates possessed efficient catechol dioxygenase enzyme which was

partially purified and characterized in this study. Their activity could be enha?’nced

in the presence iron as cofactor. i !

1
! B

. This study showed that catabolic degradation of HMLW PAHs by the isélateT'! was

¥

plasmid mediated. The plasmids were transferable; tliiis led to generation .of {ﬁovel

‘ : | N
genetically modified organisms with HMW PAHs degradation potential. . |
. ! ‘

|
|

‘ |
i {
!
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CAPPENDIX . .

1

PREPARATION OF NUTRIENT AGAR

- Composition: - . : ,
Meat extract . . g/l : i
Yeast extract - 2g/1 ‘ .‘ :
Peptone | ' Sg/l : ' . j .
Sodium éhloridc Sg/t | : ' {
Agar 15g/1 o | y L .
Final pH7.4+/-0.2 at 3 I
28 g .of Nutrient agar was weighed and dissolved in one li;re of distilled water. It ;was
boiled to dissolve completely and then sterilised by autéclavjng at 121°C for 15 min" and

‘ St : !
allowed té cool to A}’PC. ‘ L :
PREPARATION OF NUTRIENT BROTH : :
Composition: - | - | t o ‘ ﬁ
Peptone ° ; 15g/l. . : : . ‘
Yeast extract ' 3g/L | : :
Sodium chloride 6 g/l };
D(+)-Glucose " 1gL S ]

Final pH 75402t 37C) : o

13 g of Nutrient broth was weighed and dissolved in one litre' of distilled water,; It was

" boiled and autoclaved as in the preparation of nutrient agar above.

162 o o
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PREPARATION OF LAURIA BERTANI BROTH

Composition: . i : 1
Tryptone 10g/L ; R ‘ g ,
Yeast extract ' 5¢g/l. b o
Sodium chloride 5 gL - )
. ; I
L

Buffer A (Tris-HCl buffer, 50 mM; pH 7.5

Mass = mole x molar mass S § S l
Mass of Tris =0.05 x 121.12 | | :
=60g ' ;l I
6.0 g of Tris in .1 litre of distilled water, pH adjusted with IN HCL
z‘ r
Buffer E (40 mM Tris and 2 mM EDTA) ; o o
: . : j _ -
Mass = mole x molar mass | |
Mass ofTﬁs=0.043121.12' ! ' %
“4g4g f |
" Mass of EDTA =0.002 x 372.24 | |
=074g | | ;' i
o : : _ .
4.84 g of Tris + 0.74 g of EDTA dissolved in 1000ml of distilled wgtef ;
Lysing buffer (4% SDS and 100 mM Tris) | L o | 1
4%= 4 g of SDS in 100ml of Distilled water + (0.1 x121.11/10) ¢ of Tris m 100r':nl_ of
Distilled water | ' |
=4g of SDS + 1.211 of Tris dissolved in 100ml of distilied water ' .[ :
| L L
. : | {
% f
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uffer F (3 M sodium acetate at pH S.5)

41 g of CHsCOONa + 5 98 g of CI-I;COOH in 1L of dlstllled water

CALCULATION OF ENZYME ACTIVITY E-

Enzyme Activity = . QD/min | v [dilution factpfr'] =
P L . : .
. . ]'r,?t_. | - . l ‘
Where; . ‘ R oo
oD = absorbance value ' - |
v = volume of enzyme sample used '. " : ;
\Y% = total volume of reagents used e o ;
> = extinction coefficient, for : :.
1 “ .

§

Catechol 2,3-dioxygenase = 26,000 lit_ers/mol -1cm
Catechol 1,2-didxygenese = 36,000 liters/mol ~‘cm

PREPARATION OF AGAROSE GEL S |

0.4g of agarose was dissolved in 50 ml of TBE buffer to give a total concentratlon of

0.8%.The mixture was placed in a microwave for some minutes after which it was removed

and allowed to cool. | o |

1. .
3

PREPARATION OF BRADFORD REAGENT AND ASSAY
100 mg of coomassie brilliant blue G — 250 was dissolved in 50 ml of 95% ethanol 1o
which 100 ml of 85% phosphonc acid has been added and the volume made up to ] lntre

The assay was carried out 'by adding 5 ml of coomassie bnlhalnt blue G —250 soluno::: 10
0.1 ml of protein solution, incubated at room temperature for SI_min.and absorbance reaél at

5950m. - S s
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R el ]

0.14 7 - _
y = 0.0006x - 0.0001
0,12
E .
" 0.1 - : — ;
¢ + Bovine serum albumin]
8 0.08 ’ . , . ,J
o ‘ L
-1
£ 006 1 f
5 |
Z ] .
2 0.04 | |
o : l
0.02 o |
. ., u ;
‘ T T T A ' V- l
0 - 50 100 150 200 250 ]
o |
. Concentration (mg/ml) _
: - ' i f
Fig. 1. Protein standard curve .
|
i
' |
Table 1. Residual Chrysene during individual isolates degradation f
S, paucimobilis Ps. arvilla Ps. putida Cl1 (no C2 (chrysene+no
‘ _ " chrysene) organism) '
‘Day | Residual Residual Residual Residual | Residual chrysen?c
chrysene | ehrysene chrysene | chrysene | {pg/m)) L
(ng/ml) (ng/m) gy | 0D :.
0 IOO:I? 00 100+0.0 100£0.0 | 0.0:0.0 I(J_Oﬁ:{).O
2 87.4+0.3 83.5+0.2 762403 0.0+0.0 100x0.0 ;
i : .
4 72.5£0.1 70.2+£0.4 50.740.2 0.0+:0.0 98.1x0.5
- ) - ¥ V l
6 57.8+0.2 607203 - 405+04 | 00+00  |[98.4x02 ;
8 |305%03 40.6£0.7 172502 |00£00 | 973403
i ' : ST f
— : ; :
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Table 2. Total viable count of isolates during chrysene degradation
Day | 8. pasucimobilis " Ps. amilla Ps. putida
Log Log | Log Log Log Log Log Logi Log
Tve | tve |1ve | Tve | tve | 1ve | tve | Tve | TV
® e | ® | || ® | C | ©
0 [40£00|40200[00 |4.0£00 |40£00 |00 -|40:00 20500 |00
> 2350113850100 [43502 [3801 |00 [44%01 |38:0.1 |00
i 4502385071100 |44:04 |38:01 |00  |49%04 |38:01 00
6 [52%03|37201|00 |[54%01 [38:01 [0.0 |5.7%02 38501 |00
8§ |6.140537200|00 |58503 [37201 |00, |[65%03 |38201 |00
, .
Table 3. Turbidity of culture media during chrysené, degradation . l
- e “
Day S. Paucinwbilis Ps. arvilla Ps Pu‘rlida'
ob [ ob | oD | Ob | ob | Oob | OD |:0D | OD
€ | (€1 | (€2 (E) €y | € | ® | ) |
0100018« |0.0018% | 0.0001% | 0.0018% | 0.0018+ | 0.0001+. | 0.0018= |0.001¢= | 0.0001%
00002 {0.0002 |0.0001 00002 |0.0001 |00000 |00001 |0.0001 |0.0000
12 [02019% |0.0015= | 0.0001x | 0.2090% | 0.0015+ |0.0001x | 02114+ | 0.0015% | 0.0000=
~ |oooi4 |0.0001 {00000 [0.0059 |0.00012 |0.0000 |0.0020 0.0001 | 0.0000
4 10732072 | 0.0015% [0.0001% | 0.2154% | 0.0010= | 0.0000¢ | 0.2270% | 0.0015% | 0.000%
00012 | 00002 00000 [00024 |0.0004 |0.0000 |00031 |0.0012 | 0.0000
6102402 | 0.0010% | 0.0000% | 0.2248% | 0.0007% | 0.0000% | 02551% | 0.00010 | 0.0000%
00012 | 00001 |00000 |0.0057 |00002 |0.0000 |0.0042 |%0.00100.0000
8 [02715: [0.0007% | 000002 | 0.2540% | 6.0007% | 0.0000% | 03182% | 0.0007% | 0.0000%
0.0014 |0.0002 |0.0000 [0.0045 00002 |0.0000 [0.0038 |00002 |0.0000
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pH change of culture media during chrysene degradation

Table 4.
Day S, paucimobilis Ps. arvilla . Ps pulida |
4 !
pH pH pH pH pH" pH | pH pH :pH
| (E) (1) (C2) (E) (C1) (C2) - (E) (C1) :f'(Cz)
0 | 72200 | 72200 | 79400 |7.2¢0.0 | 72400 |7.2+0.0 [7.2+0.0 |7.2+0.0 |7.240.0
17500 75500 | 72500 (71201 | 72500 |72200 |7.0801 [7.2800 | 72%0.0
i 71207 [73%00 | 72500 |69%0.1 | 72200 | 72500 |65202 |7.2%0. | 7.2%0.0
6 169502 177200 |72:00 |68+01 |7.2200 |7.2£00 |7.0401 |7.20.- 7.52:1:0_0
& 168201 |72:00 |72:00 |68501 [72%00 |72¢00 |7301 |72%0.0 |72%0.0
. . ‘ . !
Table 8. Residual fluoranthene during individual isolates degradation
' : i
S paucimobilis | Ps. arvilla Ps. putida Control C1 Control C2
(no Nuoranthene) | ( fluoranthene
+ no orgél‘hism)
Day [ Residual Residual Residual Residual Residval ©
fluoranthene | fluoranthene | fluoranthene fluoranthene fluoranthene
I - | 1 s B
(hg/m) (gim). | (ug/m) (kg (ngfml) |
0 | 100£0.0 100:00 | 1000.0 0.00.0 100£0.1°!
- | : r
2 | 665401 605802 | 558403 0.0+0.0 100£0.0 |
4 |322%04 1201408 16.5£0.6 00200 93.&0.4{-’
6 | 118403 11806 1054022 0.0:0.0 98402
R ' - R . !
8 |20+01 2.0£0.4 0.02£0.07 0.0:0.0 973%0.1
, 1
: i
¥ I ;‘:r
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Total viable count of isolates during I‘luoranthené degradation

Table 6. ,
Day S. paucimobilis Ps. arvilla Ps. putida l
Log | Log | log | Leg Log Log i Log Log L:Dg
Tve | Tve | Tve | TvC TVC TVC | TVC | TVC | TVC
® | |@| ® | e | @ [ ® || ©
0 140400 | 40500 |00 |4.0500 [40£00 |00 40200 | 4.00.0 | 0.0°
s Teimoz 580100 |52503 |38501 |00  |67204 [39:01[00 .
e 175506 [38201 (00 6405 38801 |00  |7.2%0.1 3801 )
(6 8204 [37201 |00 |7.6507 [3.8201 |00 88105 3840100 |
s 5407 [57204 (00 [84504 [3.7201 |00 . (99403 38201 30
:
' !
| ;
, ‘ , - |
Table 7. Turbidity of culture media during fluoranthene degradation ‘r
‘ . , | ‘.
Day S. paucimobilis Ps. arvilla Ps. putida:
ob | ©b.] Ob | 0D | Ob | OD | OD | 0D 'gf oD
® | @€ | € | ® | | €| ® | Cy | €
o T0.0018% | 0.0016% | 0.0001% |0.0018% |0.0018+ | 0.0001+ | 0.0018% 000182 | G:0001=
| 00002 00002 |oooo1 [ooo002 |00001 |00000 |0.0002 00001 !}0.0000
2 ]021205 | 0.0015% 0.0001% | 0.2135% | 0.0015% | 0.0001% | 0.2437% 0.001.5::':; 0.0007=
{00064 00001 |0.0000 |00145 |[0.00012 |0.0000 |0.0245 |0.0001 ! |0.0000
4 [02575+ |0.00155 | 00001+ | 0.243% |0.0010% 0.0000+ | 0.2727¢ |0.0015% | 0.000=
0.0045 100002 |00000 {00500 {00004 |0.0000 [0.0812 [0.0012: |0.0000
& 105761 [00010¢ | 0.0000% | 0.2982% | 0.0007% | 6.0000% | 03108+ | 0.00010 | 0.0050
|0.0018 |00001 |00000 |0.0411 |0.0002 |0.0000 |0.0200 £0.0010 | 0.0000
8 03584z |0.0007% | 0.0000& |0.2520% |0.0007% |0.0000+ |0.3804% | 0.0007% 0.0001=
00012 |0.0002 |{0.0000 0.0042 {00002 |00000 }0.0012 (J_ocnz!fI | 0.000
;
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Table 8. pH change of culture media during ﬂudranthene degradation‘ _
Day S. paucimobilis Ps. arvilla . “Ps. putida
pH pH pH pH pH pH pH 'pH pH
. | p
(E) (C1) () (E) (Cy) (C2) (E) (€1) (C2)
0 72100 | 72400, | 72400 |[7.2+0.0 | 72400 [72+00 |[7.2¢0.0 [7.2+0.0 {7.24#0.0
2 70501 | 7.2200 |7.2400 |7.0201 | 7.2£00 |7.240.0 |7.00.] 7.2%0.7_0 72400
4 68401 |72400 |72+00 |68t02 |72+00 (7200 {73#02 |7.2¢0.0 | 7.240.0
6 55505 | 92500 | 72000 [7.5501 [72500 |72200 |7.5202 |7.2£0.0 | 7.20.0
I'8 57502 172200 172400 [7.7502 | 72500 | 72400 |80£02 |72+00 | 7.240.0
Table 9. Residual pyrene during individual isolates degradation
8. paucimobilis Ps. arvilla Ps. putida Co"nﬁol C1 - Control C2
(n'oz pyrene) (pyrene _+‘-¢l no
_ i ] oréan}siﬁ)
Day | Residual Residual Residual . | Residual ~ | Residual "'
pyrene pyréne pyrene pyrene pyrene ' FE
| (ng/ml) - ".
| (I-lg/ml) (pgfml) (2g/ml) : (pg/ml) 11
0 |100£00 100+0.0 10020.0 0.0+0.0 100601 .
2 66.240.1 785202 60.3+0.2 0.0+0.0 10000
. . ‘ L _': \
4 41.40.1 53.1+0.3 52.3+0.4 0.0£0.0. 98.1+0.} :
6 103203 15.520.6 15.4%0.8 0.0500 98.4502
§  ]006£02 6.5506 . 6.60.4 0.0:0.0 . 073%0.1
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Table 10. Total viable count of isolates during pyren¢ degradation

i

Day S. paucimobilis “Ps. arvilla  Ps. puri&a
3 |
Log | log | Log | Log Log Log | Log Log Log
ve | mve | tve | 1ve | tve |tvel Tve | 1ve | TvC
® || ® | o | ® | e
5 Ta0500 20500 |00 40500 | 4000 |00 |40%00 |40500 |00
143501 (58507 (00 41502 3801 |00 |42503 (395671 |00 |
+ 152503 [38501 00 [47202 [38501 |00 |53204 138201 |00
6 16104 |37+0.1 |00 |52:03 38501 |00 |6.003 8507 |00
(68501 [37204 |00 |58:03 [3.7201 (00 |68:02 3801 |00
Table 11. Turbidity oli' culture media during individuz:ﬂ isolates pyrene [
degradation ' '
Day S pascimobilis Ps. arvilla Ps. putida
ob ] op | op | ob | op | OD | OD QDE oD
(E) (C1) (C2) (E) (C1H ) | E | _(Cll 1. (€?)
o 100018 | 0.0018% |0.0001% |0.0018% |0.0018% |C.0001+ |0.00018 |0.0018% |0.0001<
10001 | 00002 |0.0001 |0.0001 |00001 |[0.0000 |=0.0001 o.looo{;' 0.0000
575155 |0.06155 | 0.0001% [02014% | 0.0015¢ | 0.0001% |0.2027% | 0.0015+ | 0.0000=
1 looois loooor |oooco [00023 |000012 [00000 {00012 00001 |00000
4102145 | 0.0015% | 0.0001% | 0.2009% |0.0010+ | 0.0000% | 0.2215% 0.0015% | 0,000
00022 |0.0002 |00000 |00042 |00004 |0.0000° |0.0041 |00012; |0.0000
6 T02570- [0.0010 | 0.0000 | 0.2417% |0.0007% | 0.0000% | 02364+ | 0.00010 | 0.0000=
00024 |00001 {00000 (00028 |0.0002 |0.0000 [0.0018 |%0.0010 | 0.0000
& 03480 [0.0007% | 0.0000¢ | 02546+ |0.0007+ | 0.0000+ [0.2741% 0.0007+ | 0.0000%
loooss |ooooz |00000 |00036 |00002 |00000 00068 | 00002, |0.0000
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Table 12.

pH change of culture media during pyrene degradation

Day S. paucimobilis Ps. arvilla Ps. putida .
pH pH | pH | pH pH pH. | pH pH
.(E) (C1) €2) | (E) (C1) (C2) “(E) cn
155500 152800 72500 72800 [72500 | 72400 | 72500 | 7200 | 72500
57100 17200 72500 | 71200 7300 |72500 |7.0%0.1 |7.2%0.0 il 7.250.0
169071 72500 72200 |69401 |7.2200 | 72400 [69+0.1 |72%00 [7.2%0.0
175500 72500 72600 [73201 |72:0.0 | 72200, | 73202 72500 | 72%0.0
§ (75502 7200 |72500 | 75401 72500 |72600 |75602 |72%00 | 7.2£0.0

, 1
Table 13. Residual HMW PAHs during consortium degradation

e e

Consortium' Consortium . Consortinm
[Residual chrysene Residual fluoranthene ﬁwidual pyfene 3
Day (pg/ml) o | (ng/ml) (ng/ml) il | 1
0 10620.0 100+0.0 6650.0 o
2 76.520.5 754504 68.2:0.5 : j‘
4 50,7204 305502 60,103 tr
;
6 32.120.9 6.510.3 304£0.6 »
8 ' 2..1.3*6.2 22308 10.6£0.8 T
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Table 14. Total viable count of consortium during respective HMW PAH -

degradation - |
Day | Chrysene Fluoranthene Pyrene IL
) §
Log |Log |Log |Log Log Log | Log Log [Log
T™vC |TvC |TVC |TVC |TVC. |TVC |TVC |TVC TVC
® |y | |® cy ey [® - |cy [©
0 |4.0500]4.0200]00 |40:00 |4.0:00 {00 |40£00 |4.0:0.0 0.0
2 [41201 3840100 |42%01 |38801 |00  [4.140.3 |3.840.1 |0.0
4 | 432023820100 |44%03 (38201 |00 [43%02 [3820.1 [0.0
6  |44%04(37:01]00 |62204 [38+0.1 |00 |45+01 [38+01 |00
§  ]4003]3.7200]00 |68:02 |37:0.1 |00 |54%0.4 |3.8:0.1 |00
,
‘Table 15. - Turbidity of culture media during consor'tium;degrédation of respective ‘
HMW PAHs : co - L
Chrysene .| Fluoranthene Pyrene . l"
PY 5h—Top Jop " [ob |[ob  |OD —top— Top |05
® |y [ |® | | |(® |cn  |©)
0 0.0018% |0.0018= | 0.0001% | 0.0018% |0.0018+ | 0.0001% | 0.00018 | 0.0018+ | 0.0001%
~ looo1 |00002 00001 00001 |0.0001 |0.0000 | 200001 | 0.0001 10.0000
51 0.2019% [G.00152 | 0.0001% | 02014 [0.0015% | 0.0001= | 02027+ | 0.0015% | 0.0000%
0.0015 |0.0001 |0.0000 :|0.0023 |0.00012 |0.0000 '|0.0012° | 00001 |0.0000
4 [02144% [0.0015 | 0.0001%.] 0.2053% |0.0010+ | G.0000 | 0.2210+ | 0.0015% E).oow
00022 |0.0002 |0.0000 [0.0042 |00004 [0.0000 |0.0041 |0.0012 | i?._oooo
6 | 02072+ |0.0010 | 0.0000% | 0.5507 |0.0007% | 0.0000+ | 0.2209% | 0.00010 | 0.0000=
0.0016 |0.0001 |0.0000 |0.0008 |0.0002 |0.0000 |0.0015 |0.0010 |0.0000
8 | 03584z | 0.0007% 0.0000% | 0.5921= | 0.0007x | 0.0000+ | 0.4253% | 0.0007% | 00000
0.0084 |00002 |00000 |00014 [00002 |00000 |0.0002 |0.0002 {0.0000
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Table 16. pH change of culture media during consortium degradation of
réspective HMW PAHs :
Day Chryséne Fluoranthene Pyrene
pH pH pH pH pH pH  |pH pH . |pH
(E) (C1) (C2) (E) (C1) (C2y (E) 1(C1) & | (C2)
0 72800 |72200 |72£00 |7.2%02 |72%0.0 |7.2¢00 |[7.240.0 |72+00 |7200
2 J1£01 | 72800 |7.2800 |7.1%0.1 |7.2€00 |72+00 |7.1202 7.210.0; 7.2%0.0
4 59202 175500 172200 169500 | 72200 | 72200 |6.9x01 |7.240.0 |7.2=0.0
6 68501 | 72£0.0 |72%00 |7.5%0.1 |7.2+0.0 |7.2+00 |6.8£0.1 72+00' | 7.240.0
3 73201 172:00 172200 | 77201 |7.20.0 | 72200 |7.5402 |7.240.0 ] 7.220.0
]
Table 17. Residual chrysene during consortium degradaﬁon in the presence of
phenanthrene : ‘
Day | consertium consortium Ci C2 {
3 1
Residual Residual Residual Residual 1
chrysenc phenanthrene chrysene | chrysene
I | ;.
(ng/ml) (ng/ml) (ng/ml) (llg/ml) |
0 100+0.0 100£0.0 0.0 100=0.0 ';
2 92 5402 40.2+0.1 0.0 98.10.3
4 | 904205  |193%02 0.0 99,420 2
6 60.720.4 0.030.00 0.0 97.510.1 :
. . P
8 12.4£0.1 0.020.00 0.0 98.6+0.2 ,

—— o ——
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Table 18. Total viable count of isolates during chrysene degradation by

consortium in the presence of phenanthrene

Day Consortium Control

Log TVC Log TVC Log TVC .

(E) (€1) (C2) _
0 4000 | 4.0%00 00 .
2 47:04 - [38%01 0.0 -
4 48502 38401 0.0
6 6.120.3 37%0.1 o0
8 64:01 37204 0.0 ;

Table 19. Turbidity of culture media during consortium degradation of chrysene

in the presence of phenanthrene

Day ( Consortium Control .
ob | op oD T
(F) _ (C1) (C2)
0 0.0018+0.0002 0.0016+ 0.0002 | 0.0000+ 0.0000
2 0.2320+0.0052 0.0015% 0.0001 0.0000 0.0000
4 0.3473%0.0028 0.0015% 0.0002 0.0000 0.0000 :
6 0.5671+0.0025 0.0010% 0.0001 0.0000 0.0000 ;'
8 0.5972+0.0037 _ 0.0007+ 0.0002 1 0.0000+ 0.0000
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pH change of culture media during consortium degrada:ion of chrysenée

Table 20.
in the presence of phenanthrene
Day Consortium | Contrel - : | :
pH pH pH
(E) (Cn) (C2)
0 7.2£0.0 7.2+0.0 7.2+£0.0
2 71201 7.240.0 7.220.0
4 7.320.1 | 7.2£0.0 7.2+0.0
6 7.4+0.2 7.240.0 7.2+0.0
8 7.5+0.1 7.2+0.0 7.240.0
Table 21. Residual fluoranthene during consortium degradation in the presence
of phenanthrene .
Day | consortium consortiun Cl1 C2
Residual | Residual Residual -Residual
fluoranthene phenanthrene fluoranthene 'ﬂuoranthe'ne
1 - (pg/mb)
(ng/ml) | (pg/ml) (ug/ml)
0 100+0.0 100+0.0 00 100+0.0
2 90.7+0.2 36.240.5 0.0 1 98.1+0.3
4 60.2+0.4 5.320.6 10.0 99.4+0.2
6 20.4£0.7 0.0:0.0 Too 97.5%0. ]
8 0.2+0.3 0.0+0.0 0.0 98.6+0.2
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Total viable count of isolates during fluoranthene in the presence of

Table 22.
phenanthrene
Day Consortium Control
Log TVC Log TVC Log TVC
(E) 1 (C1) (C?)
id 0 4.0+0.0 4.01-0.0 0.0
2 6.7+0.3 -1 3.840.1 0.0
4 8.5+0.6 3.7+0.2 100
6 10.2+0.4 3.0+0.1 0.0
8 11.4+0.3 2.8+0.1 0.0
Table 23. Turbidity of culture media during consortium degradation of
fluoranthene in the presence of phcnanthrene:
Day - Consort.ium Control
oD oD oD
(E) (C1) (C2)
0 0.0018+0.0002 0.0016+ 0.0002 1 0.0001x 0.0001
2 0.536+0.00035 0.0015+ 0.0001 1 0.000t+ 0.0000
= 4 0.841+0.0044 0.0015+ 0.0002 0.000 1+ 0.0000
6 1.197£0.0053 0.0010+ 0.0001 '0.0000x 0.0000
8 1.230+0.0076 0.0007+ 0.0002 0.0000+ 0.0000

176




%)

pH change of culture media during consortium dégradation of

Table 24.
" fluoranthene in the presence of phenanthrene
Day | Consortium Control |
pH pH pH
(E) (C1) (€2)
0 7.2400 7.2:0.0 7.2+0.0
2 7.5+02 | 7.240.0 7.2+£0.0
4 7.6x0.1 7.2:0.0 7.2+0.0
6 7.740.1 { 7.220.0 7.2+0.0
8 7.940.2 7.2+0.0 7.2+0.0
Table 25. Residual pyrene during consortium degradation in the presence of
phenanthrene ‘ ‘
Day | consortium consortium Cl1 C2
Residual Residual Residual Residual
pyrene phenanthrene pyrene Pyrene
(ug/ml) (ng/mi) (ng/mb)
| (pg/mi)
0 100+0.0 100+0.0 0.0 1003:0.0
2 60.1+0.3 33.2+0.4 0.0 99.5+0.3
4 40.3%:0.5 25.3+0.6 0.0 97.3+0.6
6 17.3:0.4 0.015+0.001 0.0 98.440.1
8 0.7+0.2 0.000+0.00 0.0 :99.5t0.4
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Total viable count of isolates during pyfene in the presence of

Table 26.
phenanthrene

Day Consortium Control

Log TVC Log TVC | Log TVC

(E) (C1) (C2)
0 4.0+0.0 4.0+0.0 0.0
2 52401 3.840.1 oo
4 6.4+:0.3 3.7+0.2 100
6 8.4%0.1 3.040.1 Too
8 9.8+0.2 2.8+0.1 0.0
Table 27. Turbidity of culture media during consortium degradation of pjrene in

the presence of phenanthrene .

Day Consortium Control

oD oD oD %

N

(E) (1 (C2) :
0 0.0018+0.0002 0.0016x 0.0002 0.0001+ 0.0001 :
2 0.4523%0.0056 0.0015+ 0.0001 0.0001+ 0.0000
4 0.7515+0.0028 0.0015+ 0.0002 0.0001+ 0.0000
6 0.9910+0.0059 0.0010+ 0.0001 0.0000+ 0.0000 .
8 1.1478+0.0029 0.0007+ 0.0002 0.0000% 0.0000 |
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pH change of culture media during consortium degradation of

Table 28.
pyrene in the presence of phenanthrene
Day Consoﬁium | Control
| pH pH pH
(E) (ol)) (€2)
0 7.2£0.0 7.2+0.0 7.2+0.0
2 73201 7.220.0 7200
4 7.5+0.2 7.240.0 7.2:0.0
6 7.6£0.2 7.240.0 7.2+0.0
8 7.9%0.1 7.240.0 72500
Table 29. Residual HMW PAH during individual isolates degradation

of mixture of HMW PAHSs

Day S. paucimobilis Ps. arvilla Ps. putida
CHY |FLU |PYR |CHY |FLU |PYR |CHY |FLU |PYR
0 100+0.0 { 10040, | 100+0.0 | 160+0.0 | 100+0. | 10040.0 | 100+0.0 10000 | 100+£0.0
0 0 | |
2 90.4+0. | 94.240. | 97.5+0.2 | 93.3+0. | 95.540. | 90.2+0 .3 | 88.2+0.3 | 80.3x02 174,60,
3 2 4 2 " '3
14 89240, | 72.120. | 80.120.1 | 90.140. | 90.120. | 90.2£0.1 | 76.0+0.3 70.410.2 t] 65.2+0.
3 5 5 3 3
6 64.1%0. | 62.3+0, ] 60.2+0.5 | 64.2+0. | 62.0£0. | 60.1£0.5 | 60.4+0.6 | 50.1+0.3 ; | 57.1£0.
2 4 4 5 12
8 40.2+0. | 32.540. | 37.540.2 | 40.310. |35.440. }34.2+04 |27.4+038 lO.l:l:O.S‘ 32,040,
4 3 12 2 2
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Table 30. Total viable count of individual isolates during mixture of HMW PAHs
degradation
S. paucimobilis Ps. arvilla Ps. Putida
Day | Log Log Log Log Log Log Log Log Log
TVC TVC TVC TvVC TVC TVC |TVC TVC | TVC.
(E) (1) (C2) “(E) (€1) (C2) | (E) [(C1) (C2)
0 4.0+0.2 [4.0£00 |00 404+02 [4.0:00 0.0 4.0+02 |4.0:00 |00
2 |41201 |3.850.1 |00 41403 [38+01 |00 |42%0.1 |3.8%0.1 |0.0
4 |42£01 |3.7%02 |00 43102 |37202 |00 | 44+04 |3.7202 |00
6 4302 3.0:£0.1 0.0 4404 [3.0+0.1 |00 4.6+02 |3.0:0.1 i0.0
8 45401 (2.8+0.1 |00 46+02 |28+01 (00 47403 - | 2.8%0.1 ;0.0 _
'z
Table 31. . . Turbidity of culture media during individual isolates degradation of
mixture of HMW PAHs :
Day 8. pancimobilis Ps. arvilla Ps. Purida
Oob 10D oD oD oD { OD oD oD OD
(E) (C1) (Cl)l (E) (C1) (€2) (E) €y  J(C2)
0 ' .0.00]8:I: 0.;00.]8:|: 0.0001+ | 0.0018% | 0.0018+ | 0.0001+ | 0.0018+0 | 0.6018 | 0-0000+
0.0015 0.0002 |0.0001 |0.0001 16.0002 |0.0001. |.0001  [0.0002 | 0.0000
2 ¢ 100105 |0.0015+[0.0001+(0.0182+|0.0015+ 0.000H:: 0.0191% O.OOISiI‘U {JOOIIi
0.0044 - 0.0001 [0.0000 [0.0034 |0.0001 [0.0000 |0.0015 0.0001 | 0.6000
4 0.1804% | 0.0015+ | 0.0001% | 0.2106+ | 0.0015+ | 0.0001% [ 0.2127 | 0.0015% 10.0001%
' 0.0057 0.0002 | 0.0000 |0.0055 |0.0002 {0.0000 |0.0028 0.0002 0,000_0'
6 0.2119+ {0.0010x 0.00QOi 02319« [ 0.0010 | 0.0000+ | 0.2425+ | 0.0010+ | 0.0000+
0.0037 0.0001 |0.0000 |00017 |06.0001 |0.0000 |0.00i16 |0.0001 |0.0000
8 0.2254+ | 0.0007+ | 0.0000 | 0.2447+ | 0.0007+ | 0.0000+ | 0.2658% | 0.0007+ 0.0001+
0.0063 0.0002 | 0.0000 |0.0029- |0.0002 |0.0000 |0.0038 |0.0002 0.0000
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Table 32. pH change of culture media during individual isolates degradatlon of
mixture of HMW PAHs

8. paucimobilis Ps. arvilla Ps. Putida
Day | pH pH  [pH pH pH pH pH pH pH
5 (E) (C1) (C2) (E) 1) (C2) (E) (1) (C2)
0 72600 |7.2%00 |72+00 |72400 |7.2400 [72+0.0 [7.240.0 |7.2¢0.0 |7.2+0.0
2 72400 | 72400 | 72400 |7.140.1 | 72300 |7.2¢0.0 |7.120.1 |7.2%00 |7.2£0.0
4 71401 | 72400 |72%00 |7.0+01 |72400 |72+00 [7.0+0.1 |72400 |7.2+0.0
6 70501 | 72800 | 72400 |7.080.1 | 72%00 | 72400 |6.840.1 |7.2%0.0 |7.2%00
8 69101 | 72600 |72%00 | 69401 |7.2400 | 7.2400 |6.901 |72%00 |7.2%0.0
£ Table 33. Residuat HMW PAHs during consortium degradation of mixture of
o HMW PAHs e T
Day ' Consortium
CHY FLU PYR
0 100200 10000 "100%0.0 T
2 §8.120.4 88,1203 83 5203 |
4 52.4x03 50.6+0.1 451204
6 20.120.2 1105203 11,5203
D 8 11.520.4 ' 6.240.3 6.0+0.8
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Table 34.

Total viable count of consortium during mixture of HMW PAHs
degradation by consortium '
Day | Consortium “Control }
Log TVC Log TVC Log TVC
(E) cn (C2)
0 4.0£0.0 4.0+0.0 0.0
2 42401 3.840.1 1090
4 4.5+0.3 3.740.2 0.0
6 4.7+0.2 3.00.1 0.0
8 5.3+03 2.8+0.1 0.0
Table 35, Turbidity of culture media during consortium degradation of mixture '-
of HMW PAHSs. i
Day Consortium ' Control
OD oD OD
(E) (€1) (C2)
¢ | 0.0018+0.0002 0.00180.0002 0.00000.0000
2 0.1 934i0.0013 0.0015+0.00001 0.0000+0.0000
4 0.2466+0.0014 0.0014+0.0001 0.0000+0.0000
6 0.275610.6022 0.0010+0.0001 0.0000+0.0000
3 0.3348+0.0015 0.0007+0.0001 0.0000+0.0000
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Table 36. pH change of culture media during consortium degradation of mixture .

of HMW PAHs
Day Consortium ' Control
pH pH pH _'
E) (C1) c :
0 72400 7.7+0.0 T 72400 ;
2 7.1%0.1 7.20.0 17.2%0.0
4 7.0+0.1 7.240.0 7.250.0
6 730.1 7.2+0.0 7.2+0.0
8 7.5+0.1 72400 7.240.0 o

Table 37. Residual HMW PAH after mixture degradation by consortium in the
presence of phenanthrene ‘

Day : Consortium + PHE |

CHY “TFLU PYR '
| PHE

0 100:00 | 10050.0 | 100£0.0 100£0.0

2 842403 812203 | 72.4%02 202502 |

y 501505 | 405501  |42.2%04 0.82401 :

6 102+01 | 0.4%03 658020 | 0.000+02

8 045:003 | 0.02£0.02 |022004 |0.000£0.00 f
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Table 38. Total viable count of consortium during mixture of HM\V PAHs
degradation by consortium in the presence of phenanthrene
Day Consortium Control
Log TVC Log TVC TLog TVC
(E) (C1) | (€C2)
0 4.0£0.0 4.0£0.0 '10.0
2 6.240.3 38401 T0.0
4 10.3+0.5 3.7+0.2 00
6 10.7+0.8 3.0%0.1 10.0
8 12,1202 2840 1 100
Table 39. Turbidity of culture media during mixture of HMW PAHs degradation
by consortium in the presence of phenanthrene : '
Day Consortium Control
oD | OD oD
(E) (C1) (C2)
0 0.0018+0.0002 . 0.0016+ 0.0002 0.0001% 0.9001
2 0.5109+0.0004 0.0015+ 0.0001 0.0001+ 0.0000
| 4 1.20440.0003 0.0015+ 0.0002 0.0001+ 0.0000
6 1.257:(-.0.0003 0.0010+ 0.0001 0.0000= 0.0000
8 1.52220.0015 0.0007+ 0.0002 0.0000+ 0.0000
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Table 40. pH of culture media during mixture of HMW PAHs degradation by
consortium in the presence of phenanthrene
Day Consortium , Contfol
Log TVC Log TVC | Log TVC
(E) (C1) (€2)
0 17.2£0.0 1 7.2+0.0 7.2+£0.0
2 7.540.1 7.2+0.0 7.2+0.0
4 7.8+0.2 | 7.2+£0.0 7.2+0.0 )
6 7.9+0.1 7.2+0.0 1 7.2+0.0
8 8.120.1 | 7.220.0 | 72=00
:
Table 41. Summary of residual HMW PAHs after 8 days of degradation usmg the
individual isolates :
Individual HMW PAHs Mixture of HMW PAHs
S, Ps. arvilla | Ps. putida | S. Ps. Ps.
paucimobilis paucimobilis | arvilla putida
Chrysene 305103 |40.6+07 |17.2+02 |40.2404 |403% |27.4%
1 0.2 0.8
Fluoranthene | 2.0 0.1 |2.0£04 |0.02% |32.5:03 |354% |34.2%
. : 0.07 0.2 0.5
Pyrene 0.06 + 0.2 16506 |66+0.4 |37.5%0.2 34.2 320+
0.4 0.2

185

H




L

)

Ay

Table 42. Summary of residual HMW PAHs after 8 days of degradation using
consortium of the isolates
PAHs Individual | Individual | Mixture of | Mixture of .
PAH PAH + PAHs PAHs +

phenanthrene phenanthrene.

Chrysene 213502 - |12.4%01 1152 0.4 0.45 £ 0.03

Fluoranthene |22+ 0.8 0.2+ 0.3 62+03 0.02 = 0.02

Pyrene 10.6 + 0.8 : 0.7+ 0.2 6.0+ 0.8 0.2+ 004 ’

phenanthrene | - - - -

Area under curve (mAU)

40

60 80
Concentration (pg/ml)

100 120

Fig. 2. Standard curve of chrysene, fluoranthene, pyrene and phenathrene

+ Chrysene = Fluoranthene - Pyrene Phenanthreﬁe’
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Fig. 3. Chromatogram of 100 ug/ml chrysene
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Fig. 7. Chromatogram of chrysene after 8 days degradation by Ps. putida
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Fig. 9. Chromatogram of pyrene after 8 days degradation by Ps. putida P
~ (PYR = pyrene) :

Fig. 10. Chromatogram of chrysene after 8 days degradation by Ps. arvilla -
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Fig. 13. Chromatogram of chrysene after 8 days degradation by S. paucimobilis
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Fig. 14. Chromatogram of fluoranthene after 8 days degradation by S. paucimobilis
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Fig. 15. Chromatogram of pyrene after 8 days degradation by S. paucimobilis
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Fig. 17. Chromatogram of mixture of HMW PAHs after 8 days degradation
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Fig. 19. Chromatogram of chrysene after 8 days degradation by consortium
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Fig. 21. Chromatogram of pyrene after 8 days degradation by consortium
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Table 43. Molecular weight of plasmids

Group | Isolates Molecular weight of plasmids
IS paucimobilis " 128 - : 2.0
" Ps. arvilla - 2.5 : 2.0
2 Ps. putida 1128 2.5 2.0
& 8 A. anitratus 12.8 2.5 , -
S p-1 - s ' -
Ps. ~1 - - i -
. Ps. putida-1 _ - - : -
é A. anitratus-1 - - | -
E E. coli _ - - ' -
) Klebsiella - R e
8. paucimobilis /8. p-1 1128 - . 2.0
g Ps pufidafj’s. pulida-1 12.8 2.5 _ -. 2.0
k4 & | Ps arvilla/Ps-i i 2.5 e
Z’ o | Psputida/Ecoli 1128 2.5 (2.0
| é E Ps putida/ Klebsiella 12.8 2.5 .20
g é A.anitratus/A.anitratus-1 | 12.8 - 2.0
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