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ABSTRACT

Pleurotusostreatusisawhiterot fungus capabl e of degrading many xenobiotic and recal citrant compoundsdueto their
ability to produce anonspecific enzyme system ableto catal yze the oxidation of many typesof organic compoundsincluding
textile dyes. Expression profile of 5 genesof laccase of P. ostreatusdeveloped in mediaat different pH in submerged
fermentationwasdetermined. Theinitia pH of thegrowing medium isanimportant factor for regul ating the expression of
laccase genes, having an effect on the activity and on the laccase isoenzymes number produced by P. ostreatusin SmF.
Severa studiesreported that the number of isoenzymes depend on the conditions of devel opment of P. ostreatus; expression
profilealso isconditioned to various dependent transcription factors of carbon source, nitrogen source and pH, etc.
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INTRODUCTION

Laccases(EC 1.10.3.2) areglycoproteinsclassified as multi-copper oxidases, that catalyze one el ectron oxidation of a
widerange of inorganic and organic compoundswith the reduction of oxygentowater [1]. Thewhiterot fungi have been
widely used for production of laccases production [2, 3]. It has been reported that in fungi the activity and laccase
isoenzymes number depend on environmental conditions, temperature, pH, inductors, culture conditions and medium
composition[4 - 7]. Thesefungi areeasily adapted to different growth conditionsincluding submerged cultures. 1t hasbeen
reported to degrade pollutants and phenolic compounds produced in different industries such astextiles and paper, among
others. Thisdegradation of xenobiotic compoundsisattributed mainly to enzymes phenol oxidases[8]. P. ostreatus produces
laccaseisoenzymes both congtitutive and inducible, depending on growth conditions|[4, 9]. Pamieri et al.[10] studied the
expression of two genesof laccases (Lacc 6 and Lacc 10) in P. ostreatus and observed that in the presence of copper, the
Lacc 6 gene expression wasincreased. Castaneraet al. [11] evaluated the expression profile of laccase genesfrom
different strains of Pleurotus ostreatus and they observed that the activity and expression level of these enzymeswere
dependent on the strain and the growth medium either solid or submerged fermentation. Diaz et al. [9] evaluated the
expression profileof fivegenesof P. ostreatus|accasesin submerged fermentation devel oped different initial pH, where
they observed that the expression of genesdependson theinitia conditionsof devel opment, suggesting the presence of
transcription factors activated by pH changein the culture medium. In thisstudy, the expression profile of five genesof
laccase (Laccl, Lacc4, Lacc6, Lacc9 and Lacc10) of P. ostreatus devel oped in mediaof different pH (3.5, 4.5, 6.5 and
8.5) in SmFwas determined.

MATERIALSAND METHODS
Microorganism

A strain of Pleurotus ostreatusfrom the American Type Culture Collection (ATCC 32783) (Manassas, Virginia, U.S.A.)
was used.

Cultureconditions

Mycedial plugs (4 mm diameter) taken from the periphery of coloniesof P. ostreatusgrown for 7 daysat 25°C in Petri
dishes containing potato dextrose agar were used asinoculum. A liquid medium, previoudy optimized for the production of
laccases by thisfungusin SmF, was prepared containing (in g/l): glucose, 10; yeast extract, 5; KH,PO4, 0.6; MgSO4-
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7H.0, 0.5; K_.HPO,, 0.4; CuSO,.5H,0, 0.25; FeSO,.7H.0, 0.05; MnSO,, 0.05; ZnSO,.7H,O, 0.001 [4]. Flasks of
250 ml containing 50 ml of culture medium adjusted by separated at different pH values (3.5, 4.5, 6.5 and 8.5) usng either
0.1 M HCI or NaOH were prepared. Flask were inocul ated with threemycelia plugsand incubated at 25°C for 23 days
onarotary shaker at 120 rpm [4]. Evaluations of biomass and laccases activity were carried out on samplestaken every
24 h dfter thethird day of growth. Four fermentationswere performedin triplicate. Thezymogram and expression patterns
wereobtained at 144, 168, 264, 312, 408, 504 and 528 h of fermentation.

Biomassevaluation

The biomass (X) was determined asdifference of dry weight (g/l).

Assay of biomass X = X (t) wasdone using the Vel hurst-Pear| or |ogistic equation,

dl =M 1- L X
dt X o

Wherepisthemaximal specificgrowthrateand X isthemaximal (or equilibrium) biomasslevel achieved when dX/dt=
Ofor X>0. The solution of equation 1isasfollows,

X = Ko
" 1+Ce™

Where, C=(X__ -X /X, and X =X ; theinitial biomassvalue.

Estimation of kinetic parametersin the above equationswas performed using anon-linear least square-fitting program
“Solver” (Excdl, Microsoft) [12].

Total RNA isolation and RT-PCR

A semi-quantitative RT-PCR was used to study genesexpression of laccassesof P. ostreatus. RNA wasisolated from
frozen mycelium produced at different fermentation times (see culture conditions section), usngthe TRIZOL (Invitrogen)
extraction and was spectrophotometrically quantified by determining the optical density at OD,, ... RNA wastreated
withDNAse| free of RNAse (Invitrogen) and then resuspended in 2011 of diethylpyrocarbonate-treated water,

Table 1. Specific primers of laccases genes of P. ostreatus grown at different pH initial in SmF.

Accessnumber Gene(mRNA) Sequence (5°-3")
FVI202673 Laccl FwATGGACCAATCCCTACTCCC
FM202670.1 Rv GGCATTGGGTGCTAAGATG
FVI202672 Lacca FWTGCGCCTGTACTCTCATTTG

Rv GGTAGAGACCGTGCCAATGT
AJ05018 Lacch FwCGCTTGTTTCACTCGCATTA
AJ005017.2 RVATAGTGTCGAGTCGGGATGG
234847 Lacco FwGTCTCTCCTGACGGCTTCAC
7225011 RVATACTGGGTGGAAAGATGCG
734348 Laccl0 FWACGAGCTGGAGGCTAACAAA

RvTCACGAAGCGAATAGTGACG
GU062704.1 gpd FwTCTGCGGTGTTAACCTTGAGTCGT
AB690874.1 RvVTGGTAGCGTGGATGGTGCTCATTA

http://www.ncbi.nlm.nih.gov/nuccore/ term=Ilaccases¥%20PI eurotusYeostreatus
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cDNA synthesiswasperformed using oligosdT and Moloney Murine Leukaemia virusreversetranscriptase (M-MuLV-
RT; Fermentas) according to the manufacturer’sinstructions. The RT reaction mixture product (1 pg) and 10 pmol of
specific primerswere mixed for specific PCR amplification using the Kit Accses Quick™ (PROMEGAMR), Denaturation
conditionswere 94 °C for 3min. The program included 35 cyclesof 94°Cfor 40 s, 56°C for 40 sand 72°C for 50 s.
Condtitutive expression of glycera dehyde-3-phosphate dehydrogenase (gpd) wastested ashousekeeping. For thedesign
of isoenzymelaccase specific primers(Table 1), the open primer-blast softwarewasused (http:/Aaww.nchi.nlm.nim.nih.gov/
toolg/primer-blast/index.cgi2LINK _L OC=BlastHome). The complete sequencesof laccase mRNASsreportedinthe Gene
bank were used (http://mww.nchi.nim.nih.gov/nuclectide).

RESULTSAND DISCUSSION

Growth of P. ostreatusat different initial pH in submer ged fer mentation

Fig. 1 showsthegrowth of P. ostreatusat different initial 1

0
pH.X _ values of 5.2,5.5,9.6and8.3g/l, and i values 9
of 0.006, 0.014, 0.018 and 0.02 h* at initial pH of 3.5, 4.5, = 3
6.5and 8.5, respectively wereobserved. Inthisstudy, thei o 6
valueswerearound 0.02 h* atinitial pH valuesof 6.5and @ 5
8.5. Thesevaluesweresimilar tothosereported by Téllez- & 3
Tdlezetal. [4] for thissamefungusat pH 6.0, andtothose ™ >
obtained when P. ostreatus grew in the presence of :]
ammonium sulfateasnitrogen sourceat pH of 6.5[13]. The 0 100 200 00 400 500 600

1 valuesdecreased 1.5-fold and 3-fold approx. at initial pH
valuesof 4.5and 3.5, respectively. The X, obtained at Figure 1. Growth of P. ostreatus at different initial pH; 3.5 ()
initid pH valuesof 6.5and 8'5W35around,1q% hlghq Fhan 4.5m),6.5(4), and 8.5 (@) in SmF. Error bars show mediat SD (;f
that reported for P. ostreatusgrown under similar conditions three replicate samples

[13]. The X, obtained at pH valuesof 3.5 and 4.5 was 30% lower than that obtained at initial pH valuesof 6.5and 8.5.
It has been reported that theinitial pH valuesof P. ostreatus growing mediaare between 6.0 and 6.5 [4, 13]. Diaz et al.
[7] reported that P. ostreatus produced high yields of biomassin ashort time, producing metabolitesthat modified the pH
from 3.510 6.0-6.5in anon buffered medium. Inthisresearch, thisfungus grew betweeninitial pH valuesof 3.5t08.5.

Fermentation ime (h)

L accase genes expression of P. ostreatus

Fig. 2 showsthe PCR products obtained at pH 3.5 at different times of fermentation (144, 168, 264, 312, 408, 504 and
528 h). Fivelaccase geneswereexamined. LacclO, Lacc4, Laccl and Lacct wereexpressed in nearly al thefermentation
times, however, Lacc9wasnot expressed at any time. Lacc10 and L acc4 werenot expressed at 312 and 264 h, respectively.
Laccl wasexpressed at low leve at 264 and 312 h. Lacc6 showed very little expression at 264 and 408 h of fermentation.

Theexpression profile of thelaccase genesin culturetoinitia pH of 4.5isshowninFig. 3. LaccO wasonly expressed at
144 h of fermentation. Laccl0, Lacc4, Laccl and Lacc6 were expressed at different level sduring the fermentation,
however, Lacc showed moreintensely-stained bandsthan therest of the genes.

Fig. 4 showsthe profile of laccase geneexpressionin cultureat initial pH 6.5. Inthis case, Lacc9 was not expressed,
however, Laccl0, Lacc4, Laccl and Lacc6 were expressed in all the fermentation times. The expression of Laccl0,
Lacc4, Laccl and Lacc6 increased through the fermentation. The Fig 4 showsthe profile of laccase geneexpressionin
cultureat initial pH 8.5. Lacc9 was not expressed. Lacc10 wasexpressed at |low level during thefermentation. Lacc4,
Laccl and Lacc6 wereexpressed during al thefermentation times. Lacc6 showed moreintensel y-stained bandsthan the
rest of the genes.
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Gene bp Gene bp
Lacc1 384 Lacc1 384
Laccd 265 Laccd 265
Lacch S4B Lacch S4B
acch 332 acch 332
Lace10 Lace10

203 203
apd gpd
149 149
Samplingtime 144 168 264 312 408 504 528 Samplingtime 144 168 264 312 408 504 528
Figure 2. Genes expression profile from laccases of Pleurotus Figure 3. Genes expression profile from laccases of Pleurotus
ostreatusgrown at initial pH of 3.5 ostreatusgrown at initial pH of 4.5

Gene bp Gene bp
Lacet 384 Lacet 384
Laccd 265 Laccd 265
Lacch 548 Lacch 548
Lacc9 332 Lacc9 332
Lacec10 Lacec10

203 203
gpd 149 opd 149
Samplingtime 144 168 264 312 408 504 528 Samplingtime 144 168 264 312 408 504 528
Figur e 4. Genes expression profile from laccases of Pleurotus Figureb5. Genes expression profile from laccases of Pleurotus
ostreatusgrown at initial pH of 4.5 ostreatusgrown at initial pH of 4.5
CONCLUSION

Theinitia pH of the culturemediumisanimportant factor which regul atesthe expression of thelaccase genesin additionto

having an effect on the activity and number of isoenzymesproduced. Theseresultscontributeto the understanding of the
regul ation of theexpression of thelaccase genes.
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