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| FENOLU PRZEZ SZCZEP Stenotrophomonas maltophilia KB2

Abstract: The present study investigated the degradation tiggeof growth (phenol) and non-growth
(4-chlorophenol, 4-CP) substrates, present alodeiracometabolic system. Batch experiments weréopaed
using very activestenotrophomonas maltophill€B2 strain. The methods of determining the modeiameters
describing the kinetics of changes in biomass asttl bubstrates concentrations in a cometaboliesystere
presented.
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Introduction

Phenol and chlorophenols are one of the main graipsnvironmental pollutants
because their toxicity seriously affects living @angsms, even in very small concentrations.
An example of such a compound is 4-chlorophendC®}-which is toxic, first of all, to the
nervous system causing demyelinization of nervee§itand lowering the concentration of
every neurotransmitter. 4-CP is used in industrg aemi-finished product in the synthesis
of insecticides, herbicides, preservatives, antisepand disinfectants. Information on
microbiological decomposition of 4-CP can be foumditerature, however, only very few
microorganisms are able to use 4-CP as the onlicemf carbon and energy; most often
they are transformed in cometabolic processes.

Aerobic cometabolism is a process by which a namwgr substrate is oxidized by an
oxygenase enzyme which has been synthetized byc@aonganism and designed for the
uptake of a growth substrate. The non-growth satestioes not support microbial growth,
yielding no carbon or energy benefit to the célllse rate of this cometabolic reaction may
be limited by several factors, with enzyme inhpiti depletion of reductants and product
toxicity considered the most relevant [1]. The sabpf research in the presented study was
cometabolic decomposition of 4-CP by t8&notrophomonas maltophiligB2 strain in
the presence of phenol as a growth substrate. fibieec of phenol as a growth substrate
seems to be an optimal solution since degradatathways of both substances are
characterized by a great similarity of enzymes T2je aim of the study is to present the
way of determining parameters describing kinetidsiomass growth and decomposition of
phenol and 4-CP in a cometabolic system.
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Materials and methods

Stenotrophomonas maltophili&B2 strain, coming from the collection of the
Department of Biochemistry, the Faculty of Biologgd Environmental Protection of The
Silesian University in Katowice, Poland, was oraly isolated from activated sludge
coming from waste water treatment plant in Bytonebkiowice. While researching the
phenol biodegradation process [3] the strain shoavéigh activity and resistance to high
phenol concentrations which inhibit its growth. Shwchecking its activity in 4-CP
cometabolic transformation in the presence of pheras the next stage of the research.
The strain is stored on agar slopes at the temperaf 4°C.

The experiments were carried out in Biostat B kioter (Sartorius, USA) with
working volume of 2.7 drh(the culture volume - 1.5 din The apparatus was equipped
with a temperature sensor and pH and, p@ctrodes. The research was performed at
optimal environmental conditions (pH 7, 30°C) atidrar rotations 300 rpm. The air was
supplied by external compressor and the conceoitrati dissolved oxygen was maintained
at the level of 5-7 gn>. The composition of culture mineral medium wasspreed
previously [3].

Microorganism concentration was determined by medrspectrophotometric method
(HACH-Lange, Germanyl = 550 nm). The changes of growth (phenol) and gnorwvth
(4-CP) substrates concentrations in liquid weremheined by HPLC method using Waters
chromatograph equipped with UV/VIS detector anitaibased, reversed-phase column
(Spherisorb ODS 2, pm, 150 x 4.6 mm). Mixture of methanol and 1% acatid in water
(40:60 v:v) was used as the mobile phase. The mflflew rate was 0.06 dirh™
Detection was performed at the wave length af272 nm. Before analysis samples drawn
from biostat were centrifuged, filtered (pores déen - 0.2 um) and diluted with water at
the ratio of 1 : 1. A detailed description of expents was presented in earlier studies [3].

Description of the model

The following equations provide a complete mathéraatdescription of the specific
growth rate and specific utilization rate of thewth, gy, and non-growthg, substrates
throughout the growth and decay periods [4]:

- growth substrate:

1ds, kS

9-g
Qg =—"v . = <z
X dt S )
Ksg+ S, + K_Zz
- non-growth substrate:
1dS, S
4=y = s +k)—5 @
KSC + SC + K_C
Ic
- biomass:
q
w=Y"ag ~b =y 3)



Modelling of the cometabolic decomposition of 4echphenol and phenol ... 423

where:q; - a specific utilization rate [@yh™, u - specific growth [, rate§ - substrate
concentration [gm~], X - biomass concentration -jg~], k - maximum specific rate of
utilization of substrate [gg,h™], Ks - half-saturation constant g, K, - inhibition

constant [gn], TS - growth substrate transformation yieldc-m‘l], TS - biomass
transformation capacity {a ], Y" - maximum growth yield [ggg‘l], b - decay
coefficient [HY.

Equation (2) points out that the maximum rate oh-goowth substrate utilization
depends upon two factors: the utilization ratehef growth substratey,, and the maximum
rate at which cells can transform non-growth swatetrin the absence of a growth
substratek..

The growth substrate transformation yiel®?, equals the mass of non-growth
substrate transformed per unit mass of growth satestonsumed during growth. Higher
rate of degradation in the presence of growth satests attributed to elevated levels of
catabolic enzyme activity when the growth substimfgresent.

The endogenous ternt, accounts for loss of energy reserves in the aeserf
a non-growth substrate. This parameter represkatsate of loss of cometabolic activity in
a suspension of resting cells that has not prelyiobsen exposed to a non-growth
substrate [5].

Two important stoichiometric parameters are: thseobed transformation capacity
(ch)olJs and the observed transformation yield®,ps The former is obtained by dividing -
O by

1
(b—Ymgy) 1 @
qe (T8
where T is true biomass transformation capacity. For ngstells 6y = 0) Eq. (4)
simplifies to:

(ch)obs =

T2)ope =
(T obs = b 1 5)
qc (T2
The observed transformation yield@)oss is obtained by dividingy, and qq (Egs.
1 and 2).
When there is competitive inhibition between thevgh and non-growth substrates
(Ksglobs and KsJons replaceKsg andKs, respectively, in Egs. (1) and (2), where:
1
K =Ky ——
(Ksg) s = Ksg ) (6)
Kcl

1
(Ksc)obs = Ksc S

@ (7

It is necessary to carry out a few series of expenits both on active microorganisms
and resting cells to determine constants occuirine above equations.
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Results and discussion
Phenol - alone tests

The experiments with phenol as the only sourceasban and energy for the tested
microorganisms were conducted in a batch bioredotodifferent initial concentrations of
phenol (25-500 @owin Subsm,n-ern‘g’(gg-m‘a)). During the experiments, at regular intervate t
concentrations of biomass and growth substrate determined. The experiments showed
that, at concentration exceeding ~10@m§3, phenol began to act as an inhibitor of
bacterial activity. Therefore, the Haldane’s equativas selected for assessing the dynamic
behavior ofStenotrophomonas maltophiliB2 strain grown on phenol:

1dX UmSg
I,l = oe—— Il .
X dt S2 8)

Based on the experimental data obtained in the t&#sphenol biodegradation alone,
the values of the kinetic equation parameters westimated: u, = 0.9 h%
Ksg= 48.97 g-m™>, andK,y = 256.12 g-m>. The developed kinetic equation with the mean
percentage error not exceeding 5% approximatesxperimental data (Fig. 1).
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Fig. 1. Effect of initial phenol concentration guesific growth rate oStenotrophomonas maltophilikB2 strain

Hh

The conducted experiments made it possible to uhateralso the value of the biomass
yield coefficient; the mean integral value Yfsdetermined in the range of changes of the
initial phenol concentration in the solution of 880 g-m™ was 0.65. Therefore, the
specific rate of phenol biodegradation can be esquwe as:
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Hm
_ M _ Yobs Sg
qg - - 2 (9)
Yobs Sg
ng + Sg + T

KIg

Whereﬁ = kg [ggrowlh substratégbiomasgl' h_l(gg'gx_l' h_l)]-
Under high concentration of growth substrate andthie@ absence of non-growth
substrate

u+ b) (10)

Y™ = Yops <_

Resting cell experiments

Resting cell cultures were prepared after growth lmatch reactor on a basal medium
containing phenol. When cell growth neared the ehthe exponential phase, the reactor
was stopped and the known volumes of suspendedreultere transferred to the tubes,
centrifuged, washed with a mineral solution ancntéfuged. The concentrated cell pellet
was mixed with a fresh mineral salt solution toeige the solution at demanded cell
concentration [6].

Endogeneous decay coefficient

The endogeneous decay kinetics can be expressidtasrder reaction vs. biomass
concentration, in the absence of growth and nomdireubstrates, as follows:

1dX
Ild—th—( b) (11)
This equation is commonly employed to estimate yeoastantp, by monitoring the
biomass change using resting cell experiments. SEmeilog plot of cell concentration vs
time yields a line with the slope oflf). For the tested microorganisms the value of decay

coefficient of 0.051 H was obtained.

The rate of biodegradation 4-CP

Resting cell transformation experiments were pemnat in two series:

- at constant initial cell concentratiorx’(~ 92 g-m™), with varying initial 4-CP

concentration (Fig. 2),

- at constant initial 4-CP concentratiof(= 50 Gongrowth substraidl (Je:M ), With

varying initial biomass concentration (Fig. 3).

It was observed that the concentration of 4-CP iwensediately reduced in the initial
period (~2.5-5 gm™) by substrate-assimilating resting cells. After thitial reduction, the
4-CP concentration decreased linearly but with cedurates at a higher initial 4-CP
concentration. It implies that 4-CP acts as anbimbii. Therefore, the Haldane’s model was
applied to describe the 4-CP transformation raterdsting cells ofStenotrophomonas
maltophilia KB2 strain. Because the transformation 4-CP isamnipled with cell growth,
the kinetic equation simplifies to the form:
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ds, k.X°S,
=T T sz 12
U Kyt S 425 (12)
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Fig. 2. Effect of initial 4-CP concentrations oartsformation of 4-CP by resting cells
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Fig. 3. Effect of initial cell concentrations ormtisformation of 4-CP by resting cells

In order to estimate thk, value, the initial 4-CP transformation rates wpletted
against the initial cell concentration (Fig. 4). 8ytrapolating the linear line, the value of
0.158 g-g, ~h*was determined [6].
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Fig. 5. The way of determination kf andKs. values

The influence of inhibition on the process can beted for small values of 4-CP

initial concentration. In which case the equati®8)(abridges and can be presented in the
form of:

e (13)
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Plotting the inverse of the initial 4-CP transfotioa rate (1r.) vs inverse of the initial
4-CP concentration (Fig. 5) a straight line is oi#d whose slope iKs/k. X°, and the
y-axis intercept is k¥ X°. In this way the values ok, = 0.154 gg. “h™* and
Ksc= 0.15085 gmi~can be calculated.

Next, for big values o&?, the equation (12) can be abridged to the form of:

1 1 S.
- =— —
re kX0 k.X°K,,

The slope of a straight line in the chavt, vs initial 4-CP concentration makes it
possible to estimate the inhibition constant vadye= 114.72 gm™ (not presented).

(14)

Cometabolic 4-CP transformation in the presencphanol

Two series of studies were performed. In the fiesies cultures were grown at the
initial concentration of 4-CP = 50,g1°, however, the initial phenol concentration was
changed in successive cultures within the range &0D-300 g-m‘3
(Ph/4-CP = 1;1.5;2;2.5;3;4;5;6). In the other sgriéor the constant initial phenol
concentration (75 ggn‘a), the initial 4-CP concentration was changed wittiie range of
25-100 g-m™> For the whole range of changes of Ph/4-CP, bathstsates were
simultaneously degraded and the transformation tidenot exceed 6 hours. It shows
a great activity of the tested strain. Comparingen@t concentration changes profiles
in a mono-substrate culture and in the presensamdus doses of 4-PC it was stated that
(Fig. 6) degradation time of the same initial pHedoses lengthens together with
cometabolite concentration increase. This facticasfthe competitive inhibition of phenol
biodegradation rate by 4-CP. A detailed analysiexgeriments carried out for various
growth and non-growth substrates ratios was predéntthe previous study [7].
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Fig. 6. Effect of initial 4-CP concentration on dégradation of pheno§(= 75 gm™)
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Observed growth substrate transformation yi@ld)ons

A graph of 4-CP and phenol changes during one einglture should be drawn for

each experimental point to determine the valuddj4s (Fig. 7).
The initial biodegradation rate is a straight lwbose slope determines th&%ops

value.
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The (T)oss Value, determined in such a way, changes withgf@ ratio; for high
values of the rati®/S; (= 3) (T%)ons = 0.1326 ggy ' (Fig. 8).

Observed biomass transformation capa€ity)ops

Eqation (5) indicates thal{)oss is a functions, and time. Criddle [4] suggested that
(TH)eps can be obtained by simplifying Eq. (2) g = k. for S >> Kgo S =0 and in the
absence of non-growth substrate inhibition. Howgwuerthe presented experiments, the
high concentrations of 4-CP lead to the inhibitidinerefore, ch)obs cannot be obtained
from simplified form of Eq. (2). The method of detening (T")ess and T)" values will
be presented in the next paper.

Conclusions

The kinetics of cometabolic 4-PC biodegradationSignotrophomonas maltophilia
KB2 strain, in the presence of phenol as a growtisgate, was analyzed in the presented
study.

It is necessary to determine the values of a lomoflel parameters to solve the
mathematical model equation of the process ocayirira cometabolic system. It requires
carrying out a lot of series of experiments usimghbmetabolically active microorganism
and resting cells. Moreover, the research shouldadpeed out at changing concentrations
of both substrates present in the solution as aung>xand alone.

Only then, having a set of such parameters, binditthe experimentally determined
and calculated from the model (Eqg. (1)-(4)) conitn profiles of biomass as well as
growth and non-growth substrates, it can be asdesdwther the suggested model
describes the kinetics of the process well.

References

[1] Jesus J, Frascari D, Pozdniakowa T, Danko AS. Kimetf aerobic cometabolic biodegradation of
chlorinated and brominated aliphatic hydrocarbofisreview. J Hazard Mater. 2016;309:37-52. DOI:
10.1016/j.jhazmat.2016.01.065.

[2] Arora PK, Bae H.Bacterial degradation of chlorophenols and theirivdéives. Microb Cell Fact.
2014;13:1-31; http://www.microbialcellfactories.cmontent/13/1/31.

[3] Szczyrba E, Szczotka A, Bartelmus Ggs@&zak A, Gre |, Kolarczyk A. Kometaboliczna biodegradacja
4-chlorofenolu przez szczepStenotrophomonas maltophiliasKB2. Prace Naukowe 1ICh PAN.
2016;20:137-154; www.iich.gliwice.pl.

[4] Criddle CS. The kinetics of cometabolism. Biotedhn®ioeng. 1993;41:1048-1056. DOI:
10.1002/bit.260411107.

[5] Chang WK, Criddle CSExperimental evaluation of a model for cometabolipmediction of simultaneous
degradation of trichloroethylene and methane by ethamotrophic mixed culture. Biotechnol Bioeng.
1997;56:492-501. DOI:10.1002/(SICI)1097-0290(1990B)86:5&It;492::AID-BIT3&gt;3.0.CO;2-D.

[6] Hao OJ, Kim MH, Seagren EA, Kim H. Kinetics of ploéand chlorophenol utilization by Acinetobacter
species. Chemosphere. 2002;46:797-807. DOI: 10/$0085-6535(01)00182-5.

[71 Szczyrba E, Szczotka A, Bartelmus G. Modelling efobic biodegradation of phenol by Stenotrophomonas
maltophilia KB2 strain. Proc ECOpole. 2016;10:5385DOI: 10.2429/proc.2016.10(1)057.

[8] Chen YM, Lin TF, Huang C, Lin J&Cometabolic degradation kinetics of TCE and phéydPseudomonas
putida. Chemosphere. 2008;72:1671-1680. DOI: 1&/4@hemosphere.2008.05.035.

[91 Wang Q, Li Y, Li J, Wang Y, Wang C, Wang P. Expeiital and kinetic study on the cometabolic
biodegradation of phenol and 4-chlorophenol by peyrophic Pseudomonas putida LY1. Environ Sci
Pollut Res. 2015;22:565-573. DOI: 10.1007/s11356-8374-x.



Modelling of the cometabolic decomposition of 4echphenol and phenol ... 431

MODELOWANIE KOMETABOLICZNEGO ROZKtADU 4-CHLOROFENOL U
| FENOLU PRZEZ SZCZEP Stenotrophomonas maltophilia KB2

Instytut Inzynierii Chemicznej, Polska Akademia Nauk, Gliwice
2Katedra Iynierii Procesowej, Uniwersytet Opolski, Opole

Abstrakt: Zaprezentowano model rozktadu 4-chlorofenolu prgeezzepStenotrophomonas maltophiligB2

w obecnéci fenolu jako substratu wzrostowego. Opracowaegotmodelu wymagato wykonania czterech serii
badai: biodegradacji rédnych dawek czystego fenolu, biodegradacjing@ch dawek czystego 4-CP, biodegradaciji
4-CP w obecngi fenolu przy rénym stosunku sken obu substratéw oraz biodegradacji 4-CP przez kkimor
w fazie spoczynku, indukowane wphie fenolem. Szczegdtlowo omdwiono sposoby wyzndaza
poszczegdinych parametréw rovin@pisupcych szybkéé degradacii substratéw wzrostowego i niewzrostowego
oraz przyrostu biomasy. W oparciu o stworzdraz danych obliczono m.in. state potnasycelig i Ks, state
inhibicji Ky i K, wspoiczynnik zamierania endogennego oraz wydajnét transformacyja substratu
wzrostowego w stosunku do kometabolltét

Stowa kluczowe:kometabolizm, kinetyka, fenol, 4-chlorofenol, iniaja



