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EXECUTIVE SUMMARY 

EnVIronmental pollutIOn IS a global problem and the Czech RepublIc belongs among the 

countrIes where rur, water and soIl pollutIOn are lughly pronounced BIOlogIcal degradatIOn of 

hazardous compounds IS conSIdered to be a cost-effectIve and envIronmental fnendly 

approach BesIdes bactena, lIgnm-degradmg fungI have been conSIdered to be used as the 

degraders of aromatIC organopollutants However, the practICal use ofthese fungI IS retarded 

by two facts (1) only few specIes have been studIed up to now m detaIl, and (n) the baSIC 

knowledge on the mvolvement of fungal enzymes m the degradatIOn process IS not suffiCIent, 

and the role of dIfferent phYSIco-chemIcal and bIOlogIcal factors affectmg the degradatIOn of 

organopollutants under soIl condItIOns IS known only partIally That IS why the project started 

WIth a screenmg of a collectIOn of lIgnmolytic fungI for theIr abIlIty to produce lIgmnolytic 

enzymes, theIr capabIlIty to degrade selected aromatIC organopollutants (P AHs, PCBs, 

synthetIC dyes) both m lIqUId media and artIfiCially spIked soIl, and finally theIr effectIveness 

to remedIate soIl ongmated from polluted SItes Based on the screemng, a fungal stram of 

/rpex lacteus was selected as the most powerful mICroorgamsm and became a central 

research model m the last phase of the project DIfferent types of bIOlogICal tOXICIty tests 

were adopted to follow the tOXICIty changes dunng the bIOremedIatIOn process Smce a new 

bIOtechnology prospectIve for soIl remedIatIOn - compostmg - emerged dunng the tIme of 

project study, thIs method was tested under field condItIOns, too 

As a result of the project, the Czech laboratory became a recognIzed center of baSIC 

research of mIcrobial sol1 remedIatIOn It started a cooperatIOn WIth two local envIronmental 

companIes and the EarthFax Development Corp, Utah, USA The Laboratory IS consulted by 

the Czech NatIOnal Health InstItute on the evaluatIOn of SOlI remediatIOn technologIes and 

have been entrusted With the organIzatIon of the NATO Advanced Research Workshop m the 

Czech RepublIc m 2000 
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RESEARCH OBJECTIVES 

MaSSIve amounts of xenobIOtIc pollutants that have been produced by the modern mdustry 
represent a senous menace to the envIronment Many of these tOXIC and often also mutagemc 
and cancerogemc compounds, e g polycyclIc aromatIc hydrocarbons (PAHs), polychlonnated 
bIphenyls (PCBs), mtroaromatIcs, dIoxms, synthetIc dyes, chlorophenols and many other, 
perSIst m the enVIronment and, especIally contammated SOlIs and sedIments can be conSIdered 
a "tIme bomb" The number of dIscovered and registrered SItes that requrre bIOremediatIOn 
has been growmg For example, m 1998, approxImately 50 000 SItes m Germany were 
suspected to be contammated and the US EnVIronmental ProtectIOn Agency lIsted at the end 
of 1994, 40 000 uncontrolled hazardous waste SItes and 1300 NatIOnal Pnontles LISt 
(Superfund) SItes m North Amenca (sec, May et al , 1997) The Czech RepublIc belongs to 
the countnes WIth vastly polluted enVIronment, and beSIde SItes contammated due to mdustnal 
and agncultural actIVIties, also the former mIlItary bases that had been used by the SOVIet 
troops WIll reqUlre a long-term clean-up 

DIsposal of contammated matenals has become mcreasmgly dIfficult BIOremediatIOn 
IS thought to be a cost competitive alternative to the dumpmg, mcmeratIOn and chemIcal 
processes that sometImes even create new ecologIcal problems Use of mIcroorganIsms for 
clean-up of polluted soIls holds a great promIse for mexpenSIve and nondestructIve way of 
remedIatIOn, makmg pOSSIble the decontammatIOn of bulk volumes of contammated matenal 
Alexander, 1994, Aust et al 1993) The bIOremediatIOn method has been establIshed to 
explOIt mostly bactenal mIcroorganIsms (Chaudhry and Chapalamadugu, 1991) and ItS lImIts 
have been repeatedly reVIewed (Morgan and Watkmson, 1989, Providentl et al, 1993) The 
most SImple (and sometimes effiCIent) way of reductIOn of pollutants m contammated soIl IS 
the enhancement of growth and metabolIc actIVIty of autochthonous microfiora by addItIOn of 
mmeral and/or organIC nutnents, and supplymg oxygen to ensure aerobIC processes 

Lignm degradmg fungI have receIved conSIderable attentIOn for therr bIOremedIatIOn 
potentIal In nature these fungI colornze lIgnocellulOSIC matenals, playmg a role of lItter 
decomposers or they InhabIt IIvrng or dead wood causmg whIte rot of wood (that IS why they 
are commonly named whIte rot fungI) The enzymes rnvolved rn IIgnm breakdown are 
extracellular and have a low substrate speCIfiCIty These fungI have been dIscovered to 
decompose vanous recalcItrant organopollutants lIke PCBs, PAHs, DDT, dIOxms, 
chlorophenols, mtrotoluene, azo- and polymenc dyes, dIfferent pestiCIdes (Bumpus et 
al ,1985, Eaton, 1985, Bumpus and Aust, 1986, Higson, 1991, Hammel et al , 1992, JOShI and 
Gold, 1994, Bogan and Lamar, 1995, PaszczynskI and Crawford, 1995, Yadav et al 1995) 
By far most studIed lIgnrn degradmg fungal speCIes m thIs respect has been Phanerochaete 
chrysosp0rlum and out of many hundreds of speCIes possessmg lIgnmolytic actIVIty, only few 
more became research subjects ( Loske et al, 1990, Morgan et al, 1991, 1993, FIeld et al 
1992, 1993, Sasek et ai, 1993, DaVIS et al , 1993, Vyas et al 1994a,b, Boyle, 1995, Bezalel 
et ai, 1996a,b, Bogan and Lamar 1996, Novotny et al 1997, Sack and Fntsche, 1997, 
Martens and ZadrazII, 1998) From the lIsted papers It can be concluded that the 
bIOdegradatIOn abIlIty of lIgnmolytic fungI has been proven, also In the expenments when the 
fungus was mtroduced rn a contammated soIl However, the degradatIOn was uncompleted 
even under Ideal laboratory condItIOns, and the expenments WIth soIl clean-up usually took 
several months 

Ongmally the abIlIty of IIgnmolytic fungI to degrade numerous recalcItrant aromatIC 
organopollutans was attnbuted to IIgnmolytic enzymes lIgmn peroXIdase, 
manganese-dependent peroXIdase and laccase, and many of those aromatics were degraded by 
usmg Isolated lIgnrnolytic enzymes (see the lIst summanzed by FIeld et al (1993) and 
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references therem) However, several papers have been recently publIshed (Thomas et al , 
1992, Yadav and Reddy, 1993, Sack and Gunter, 1993, Yadav et aI, 1995, Novotny et 
al 1997) that put m doubt a dIrect correlatIOn between the actIvIty of lIgmnolytic enzymes 
and xenobIOtic aromatIcs and thus support conclUSIOns of FIeld et al (1993) that "other, 
unIdentIfied enzymes are ImplIcated" ThIs VIew has recently been supported also by Bogan 
et aI, 1996) who found that fluorene oXIdatIOn m VItro was a consequence of lIPId 
peroxidatIOn mediated by P chrysosporzum Mn-peroxidase DespIte the fact that the role of 
hgmnolytic enzymes m destructIOn of aromatIc pollutants has not been elucIdated completely, 
the hgmnolytic fungi undoubtedly represent powerful prospectIve tool m soIl 
bIOremediatIOn It was well demonstrated by Lamar and coworkers (Lamar et al , 1990, 1994) 
usmg moculum of P chrysosporzum and P sordida m field tnals WIth soIl polluted WIth 
pentachlorophenol and P AHs Polutant removal from the SOlI reachmg up to 90% WIthm few 
months seems very promlSlng The process usmg these fungI has been patented (e g Aust et 
al 1986, Volfova e al 1995) and few comparues mcluded the use of lignmolytic fungI for 
SOlI remediatIOn mto theIr program (Intech 180, Utah, USA (Aust and Benson, 1993) or 
Gebruder Huber Bodenrecyclmg m Germany (May et al 1997), however, the broader 
applIcatIOn has not been put to effect yet 

The use of hgnmolytic fungI for soIl remedIatIOn IS hIndered by two mam reasons 
FIrst, our knowledge of thIS process IS hmited, out of several thousands of white rot fungal 
speCIes only one ( the already mentIOned P chrysosponum) has been studIed m detail, and 
several more specIes tested only m a very mcomplete way The second problem IS the soIl 
Itself SoIl IS an extremely vanable matnx, dIverse m many aspects (chemIcal, physIcal, 
bIOlogICal) and, up-to-now, no umversally usable orgarusm or a umversal way of soIl 
remediatIOn have been descnbed because of the mfluence of many envIronmental factors 
That IS why, a partIcular procedure has to be deSIgned for each mdividual contammated SIte 
The baSIC SIX cntical envlfonmental factors controllmg m SItu bIOdegradatIOn, I e SOlI water, 
oxygen, redox potentIal, pH, nutnent status and temperature (sec, Holden and FIrestone, 
1997), should be mtegrated WIth qualItatIve and quantItatIve data about the respectIve 
pollutant(s), knowledge on autochthonous soIl microflora, and charactenstIc of the 
lIgrunolytic fungus moculum to be used (Sasek et al, 1996) Proper envIronmental condItIOns 
are of utmost Importance for growth and survIval of the mIcroorganIsms mvolved m 
bIOdegradatIOn ThIS pomt IS even more Important m the case of artIfiCIally mtroduced 
mIcroorganIsms and speCIally stressed m the case of whIte rot fungI that occupy a dIfferent 
ecologIcal ruche m nature On the other hand some authors report that Viable partIcles of 
whIte rot fungI can be found m soIl, theIr amount bemg several orders m magmtude mfenor 
to that of soIl bactena (Radke et al 1994) However, poor knowledge of capabIlIty of 
artIfiCially mtroduced whIte rot fungI to grow and survIve m SOlI eXIst An actIve fungal 
growth m the soIl to be remedIed IS Important m order that the pollutant would be removed m 
the whole volume of the soIl treated Loske et al (1990) observed lIvmg mycelIum of whIte 
rot fungI m SOlI several weeks after moculatIOn We observed the appearance of Pleurotus 
ostreatus frUIt bodIes m the decontammated field where the preparatIOn "BIOdegradm" 
(Volfova et al 1995) that mcluded straw grown mycelIUm of P ostreatus was applIed 

BIOremediatIOn process normally takes place m nonstenle soIl The bactenal flora 
present may functIOn as a negatIve factor suppressmg growth and development of the 
mtroduced fungus Radtke et al (1994) tested some pseudomonads Isolated from a 
tnmtrotoluene-polluted soIl for the antagorusm agamst growth of P chrysosporzum on agar 
plates The antagomsm depended on the nutntIOn concentratIOn and pH The study brought 
eVIdence that the fungus was mhibited by pseudomonads producmg phenazmes 

Another generally Important factor IS the avaIlabIlity of xenobIOtics to mIcroorganIsms 
grOWing m soIl The process of sorptIOn ofxenobIOtics to soIl partIcles has been recogmzed as 
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competmg wIth bIOdegradatIOn (Providentl et al , 1993) Sol1 sorptIOn of neutral, hydrophobIc 
compounds, such as PCBs and P AHs, IS dependent on sol1 orgamc content Welssenfels et al 
(1992) demonstrated that presence of great amount of orgamc carbon m soIl may result m a 
neglIgible bIOdegradatIOn of PARs HydrophobIc pollutant desorptIOn may be enhanced m 
the presence of surfactants that mcrease surface areas for contact With mIcrobIal cells ThIS 
effect need not be ensured by the addItion of a synthetic surfactant smce some of SOlI-borne 
mlcroorgamsms produce bIOsurfactants that are capable to enhance bIOdegradatIOn of 
hydrophobIc compounds (Oberbremer et al , 1990, VanDyke et aI, 1993) Further factors -
volatIlIzatIOn, mIcrobIal mcorporatIOn mto organIC SOlI matter and changes m soIl tOXICIty 
have to be also taken mto account (Kastner et aI, 1995, Eschenbach et al 1995, Kastner and 
Mahro, 1996, Zachar et aI, 1996) 

In the Czech RepublIc after polItICal changes m late 80 s, many SItes heaVIly 
contammated With dIfferent pollutants, especIally those servmg as bases for the SOVIet troops, 
were left by the prevIOUS regIme It was eVIdent that It represented a senous problem and 
several new envIronmental companIes started to be mvolved m bIOremedIatIOn technologIes 
The ratIOnale of the project was the neceSSIty of senous baSIC research background and a 
search for new mIcroorganIsms that could be used m the clean up of polluted soIls The 
mnovatIOn aspect of the project was m ItS complexIty, covenng phYSIOlogy of the degradmg 
mIcroorganIsm (enzymatIc actiVItIes, growth parameters, mteractIOn WIth autochthonous 
mlcroflora m SOlI), methods of extractIOn from polluted soIl and factors mfluencmg the 
recovery of the respectIve pollutant, and beSIdes analytIcal methods of estImatIOn, the 
bIOlogIcal tOXICIty test have been mvolved dunng the process of SOlI remediatIOn 

The research m the Czech laboratory was supported by the InstItute of MIcrobIOlogy 
smce thIs mstItutIOn covered all expendItures connected WIth the runnmg of laboratones 
(heatmg, electncIty, water supply, reconstructIOn etc) and almost all wages of both 
laboratory staff and PhD students 

METHODS AND RESULTS 

1 MaterIals & Methods 

Mlcroorgamsms Out of 39 strams belongmg to 36 dIfferent speCIes that were Isolated from 
frUIt bodIes collected m Czech forests (Sasek et al, 1998) and 30 strams belongmg to 29 
speCIes from the Culture CollectIOn of BaSIdIOmycetes (CCBAS) of the Academy of SCIences 
of the Czech RepublIc, based on the screenmg on decolonzatIOn of model synthetIC dyes, 
follOWing strams of whIte rot fungI were used m the study BJerkandera adusta, Cenpona 
metamorphosa, Daedaleopsls confragosa Jrpex lacteus, Mycoacla sp, Phellznus 
pseudopunctatus Pleurotus ostreatus Stereum rugosum and Trametes versIcolor In some 
parts of the study, Phanerochaete chrysosponum Burds , stram ME 446 (ATCC No 34541) 
was used for comparIson 

In the study of antagomsm the bactenal strams of Pseudomonas putlda, stram DSM 
8368 (Deutsche Sammlung von Mikroorgamsmen und Zellkulturen GmbH, BraunschweIg, 
Germany) and Sphzngomonas sp (gIft from Dept Biotechnol, Umversity de MinhO, Braga, 
Portugal) were mcluded 

CultivatIOn of fungi In llqUld media. Malt extract/glucose medIUm (MEG), yeast 
extract/peptone/glucose medIUm (YEPG) and a low mtrogen mmeral medIUm (TIen & 
KIrk,1988) contaImng 2 4 mM (LNMM) or 45 mM dIammomum tartrate (HNMM) as the 
mtrogen source were used Shallow lIqUId statIOnary cultures were grown m 250-ml 
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Erlenmeyer flasks contalmng 20 ml of a medIUm and kept at the correspondmg temperature 
Without shakmg 

Nommmersed lIqUId culture systems consIsted of fungal mycelIUm ImmobIlIzed on 
porous pIeces of polyurethane foam saturated WIth lIqUId medIUm and highly exposed to 
gaseous oxygen (Dosoretz et aI, 1993) Cultures were mcubated With agItatIOn m 250-ml 
Erlenmeyer flasks contammg 90 ml of culture and 1 8 g of polyurethane foam cubes 
embedded m lIqUId medIUm Aeration of cultures was eIther by paSSIve aIr dIffuSIon through a 
cottonwool stopper or by dally flushing WIth oxygen 
CultIvatIOn of Irpex lacteus for enzyme IsolatIon Jrpex lacteus was mamtamed at 4°C on 
2% malt extract agar slants The moculum was prepared by transferrmg 5 agar plugs (1 cm 
dIameter) of I lacteus grown to potato dextrose agar (PDA) mto 250 ml flasks contammg 90 
ml potato dextrose broth (PDB) and mcubated at 28°C m a rotatory mcubator at 120 strokes 
per mm After 3 days of growth the cultures were homogemzed m a Wanng blender for 05 
mm and used as moculum of the expenmental cultures (9 ml mto 250 ml flasks contaImng 81 
ml of a growth medIUm) The expenmental cultures were grown (PH 4 5, 28°C) m mtrogen 
lImIted medIUm (56 rnM glucose, 24 mM dI-ammomum tartrate) accordmg to Tlen and KIrk 
[1988] m a non-Immersed bqUId culture system, ImmobIlIzed on polyurethane foam cubes, as 
prevIOusly descnbed [Dosoretz et at, 1993], under condItIOns of free air exchange To 
momtor the effect of manganese defiCIency on LIP and MNP formatIOn, cultures were grown 
m the absence of manganese All expenments were conducted WIth at least three replIcates 
CultzvatlOn offungl In straw and soli When enzyme productIOn was determmed m straw and 
SOlI, both components m Erlenmeyer flasks were separated by gauze AeratIOn was eIther by 
air dIffuSIOn through the cottonwool plug or by dally flushmg of rubber-stoppered flasks With 
oxygen 

For SImultaneous estImatIOn of the ectIVIties of lIgmnolytic enzymes and degradatIOn 
ofPAHs or PCBs separately m straw and SOlI compartment, the tube reactor system (Novotny 
et at, 1999) was used When only degradatIOn of a pollutant m SOlI was studIed, eIther 
mIxture of straw-grown fungus With soIl or sandWIch layers of both were used (see Results) 

Growth of fungal exploratory mycelIUm mto SOlI was measured usmg SOlI columns m 
test-tubes moculated WIth a fresh straw-grown moculum at the top Length of the SOlI column 
colomzed m tIme was measured to calculate the growth rate 
Sod characterzstlcs SOlI BraunschweIg (B) IS a brown soIl havmg pH 5 3 that contains 0 8% 
of total organIC carbon and 0 08% (w/w) of Kjehldahl determmed mtrogen SoIl Prague (P) IS 
a brown SOlI havmg pH 6 4 that contains 2 7% of total orgamc carbon SoIl MIchIe (M) IS a 
former gas works soIl contammated WIth PARs (total 288 ppm) naphthalene 46, 
acenaphtylen 26, acenaphten 1 6, fluorene 14, phenanthrene 48, anthracene 14, fluoranthene 
37, pyrene 29, benzoanthracene 14, chrysene 84, benzo(b)fluoranthene 93, 
benzo(k)fluoranthene 5 6, benzo(a)pyrene 13, dibenzoanthracene 1 3, benzo(ghI)perylene 11, 
and mdenopyrene 10 ppm In addItIOn to P AHs the soIl also contams heavy metals at the 
follOWing concentratIOns Cu2+ 27, Hg2+ 025, Pb2+ 40 and Cd2

-r- <05 ppm, total nonpolar 
extractable compounds at 1400 ppm and CN 1 2 ppm 
Enzyme assays LIgmnolytic enzyme actIVItIes were estImated m the statIonary culture- and 
the nommmersed culture lIqUIds after the fungal bIOmass was removed and the filtrate 
desalted on a Sephadex G25 column In the straw/soIl cultures, the two solId phases, straw and 
SOlI, colomzed by the fungus were separated and the total amount of each of them extracted 
WIth succmate/lactate buffer After desaltmg on a Sephadex G25 column the enzyme actIVItIes 
were measured 

Llgnm peroXIdase (LIP) actIVIty was assayed With veratryl alcohol (Tlen & KIrk, 
1988), manganese-dependent peroXIdase (MnP) actIVIty was estImated eIther WIth 
3-dimethylammobenzOIc aCId (DMAB)/3-methyl-2-benzothiazolmone hydrazone 
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hydrochlonde (MBTH) as the chromogen (Novotny et ai, 1999) or by the method of 
Kuwahara et al (1984) WIth phenol red as the substrate Laccase was measured WIth 
2,2-azmobIs(3-ethylbenzo-thIazolme-6-sulfomc aCId) (ABTS) as the substrate (NIku-Paavola 
et ai, 1988) 

One umt of enzyme activIty IS defined as an activIty producmg 1 Jlmol of the product 
per mm under the assay condItIons All enzyme actIvItIes were measured at the room 
temperature 
Enzyme fractIOnatIOn and heme-protem characterIZatIOn A volume of 4 I of extracellular 
flUId was taken from cultures grown WIthout manganese on day 12 of mcubatIOn The 
extracellular flUId was concentrated 40-fold by ultrafiltratIOn, usmg a lO-kDa cutoff YM-lO 
membrane (AmIcon, Danvers, MA), centnfuged for 10 mm at 25,000 g, then dIalyzed agamst 
10 mM sodIUm acetate at pH 60 Samples were fractIOnated and analyzed for heme protem 
by anIOn-exchange HPLC, usmg a Mono Q column (PharmacIa, Piscataway, NJ) WIth a lmear 
gradIent of 10 mM to 1 M sodIUm acetate at pH 6, at a flow rate of 1 ml/mm and momtonng at 
409 nm [Dosoretz et at, 1993] SImIlar procedures were applIed to analyze the heme-protem 
compOSItIon of the culture grown WIth manganese except that extracellular flUId samples 
were taken on day 10 of growth, and a Resource Q column (PharmacIa) was used mstead of 
Mono Q column, WIth flow rate of 0 8 ml/mm Heme protems were claSSIfied accordmg to 
theIr order of elutIOn and based on actIVIty tests 
Polyacrylamide gel electrophoreSIS (PAGE) and ISO electrIc focusmg (IEF) SDS-PAGE 
was performed on slab gels contaImng 12% polyacrylamide, accordmg to Laemmh [1972], 
usmg a BIO-Rad Mim Protean II gel electrophoresIs system SDS-70 protems kit (Sigma, St 
LOUIS, Mo) was used as molecular weight marker Protems were stained With Coomassle 
BnllIant Blue G-250 AlternatIvely, protems were subjected to ImmunologIcal (western) blot 
analYSIS by applymg rabbit antIbody agamst LIP Isozyme HI of P chrysosponum and 
detectmg the antIbody weight goat-antI-rabbIt horsereddish perOXIdase The Isoelectnc pomt 
(PI) of LIP Isozymes was determmed WIth a BIO-Rad Mmi IEF apparatus (Model Ill), usmg 
broad pH range (3-10) thm-Iayer polyacrylamIde gels A broad range BIO-Rad pI calIbratIOn 
kit (Catalog No 161-1010) was used as a standard and protems were stamed WIth Coomassle 
Bnlhant Blue G-250 AlternatIvely, LIP Isozymes actIVIty was detected by actIVIty stammg 
m 50 mM sodIUm tartrate, pH 4 0 contammg 04 mM H202 and 2 mM 2,6-DMP [de long et 
at, 1992] 
DeglycosylatJon Asparagme-Imked carbohydrate was removed from the punfied LIP 
Isozymes by digestIOn WIth recombmant N-glycosidase F (PNGase F, BIOlabs, New England) 
After denatunng 10 Jlg of punfied LIP Isozymes by bOIlmg It m 05% (w/v) SDS and 1% 
(v/v) p-mercaptoethanol for 10 mm, the sample was added to 1 % (w/v) Nomdet P-40 and 50 
mM SOdIum acetate, pH 60 and mcubated for 1 h WIth 1,000 unItS ofrecombmant PNGase F 
at 37°C DIgestIOn was termmated by bOIlmg for 5 mm The sample were then subjected to 
SDS-PAGE analYSIS and protems were stamed WIth Commassle BnllIant Blue G-250 
N-termmal sequence analYSIS The N-termmal sequence of LIP Isozymes was determmed by 
automated Edman degractatIOn m an ApplIed BIOsystems ABI494 pulsed-lIqUId protem 
sequencer (Perkm Elmer), m the NatIOnal Laboratory for BIOtechnology, Israel InstItute of 
Technology, TechnIOn, Haifa, Israel 
KinetIC study of LIP Isozymes The kmetIc constants (Km and kcat) of the punfied LIP 
Isozymes were determmed from Lmeweaver-Burk plots of actIVIty profiles at each substrate 
concentratIOn Veratryl alcohol and H202 were used as substrates m the range of 100-1,000 
and 20-100 JlM, respectIvely The reactIOns were carned out at 25°C m sodIUm tartrate buffer 
(125 mM, pH 3 5), and absorbance changes, due to the formatIOn of veratryl aldehyde, were 
followed at 310 nm [TIen and Kirk, 1988] The actIVIty towards selected substItuted phenols 
was measured under the same condItIOns 
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BlOdegradatzon of PAHs In MEG statIOnary hqUId cultures, PAH removal after 2 and 4 
weeks was determmed 1 week-old cultures kIlled by autoclavmg were used as the controls 
P AHs were extracted from aCIdIfied medIUm WIth cyclohexane HPLC detectIOn was 
employed 

If degradatIOn of P AHs m sOlI was studIed, amounts of 6 g of tyndalhzed dry soIl (80 
°C for 6 h, for 3 consecutive days, 20% final mOIsture, w/w) were contammated WIth 2 g of 
stenhzed, sand spIked WIth P AHs (mitIal concentratIon of each P AH, 50 ppm), mIxed WIth a 
freshly prepared, straw-grown fungal moculum (8 g) m 100-ml Erlenmeyer flasks 2-week-old 
cultures killed by autoclavmg were used as controls P AHs were extracted usmg supercntical 
flUId extractIOn (SUPREX Prep Master/ AccuTrap/ vanflow restnctor) performed m two 
fractIOns A total sample of soIl, sand and straw was extracted, first at 400 atm, 150°C, flow 
rate 1 ml C02/mm, for 10 mm, then at 450 atm, 150°C, flow rate 1 ml C02/mm usmg 10% 
(v/v) methanol as modIfier, for 10 mm Cryogemc collectIOn was used glass beads, -20°C 
HPLC detectIOn was SImIlar as mentIOned above 

RemedIatIon of an actual contammated soIl (M) dIffered from the above descnbed 
procedure m that the soIl was not tyndalhzed, m flask the contammated soIl was sandWIched 
between two layers of the straw-grown fungal moculum Apart from untreated soIl the same 
was pretreated WIth a commercIal soya vegetable 011 
BIOdegradatIOn of dyes The follOWIng dye compounds were mcluded m the study Methyl 
Red, sodIUm salt Methyl Orange, ReactIve Orange 16, Congo Red, ReactIve Black 5, 
Naphthol Blue Black, Remazol Bnlhant Blue R, DIsperse Blue 3, Fluorescem, SOdIum salt, 
Methylene Blue, Bromophenol Blue, poly R-47, and copper (II) phthalocyarune 3, 4, 4, 
4-tetrasulfomc aCId, tetrasodium salt 

DecolonzatIOn of dyes on agar plates was evaluated usmg a SImple technIque 
(Novotny et al, 1997) when a mycehum-covered dISC cut from an agar culture of the 
correspondmg fungus was mserted m the center of an agar plate contammg 200 ppm of the 
dye Control agar plates WIthout fungal moculatIOn were always mcluded m the expenments 

DecolonzatIOn m statIonary hqUId cultures was carned out m Erlenmeyer flasks 
contammg LNMM medIum to whIch a dye was added at an ImtIal concentratIOn of 150 ppm 
InoculatIOn was WIth a gently homogemzed lIqUId culture The cultures were mcubated at 22 
°C and, m tIme mtervals, were sacnficed and the culture filtrate and fungal bIOmass were 
separated by decantatIOn and centnfugatIOn The filtrates were then dIluted WIth the fresh 
medIum for theIr absorbance values to be m the lmear mterval of the absorptIOn/concentratIOn 
calIbratIOn curves of the mdividual dyes and the absorbances were measured at the respectIve 
dye absorptIOn maxImum wavelengths (cf Amax values above) usmg an Eppendorf Analog 
Photometer IIOIM (EppendorfGeratebau, Germany) pH of the filtrates was checked before 
and after dIlutIOn to know the ShIft of pH durmg cultIvatIOn and to ensure measurmg the dye 
absorbance at SImIlar pH dunng the expenment The dye removal values were related to the 
mitIaI concentratIOn of the dyes I-week old cultures kIlled by autoclavmg were used as the 
control 

DegradatIOn of dye m soIl was performed m 100 ml Erlenmeyer flasks WIth 8 g of dry 
and tyndalhzed SOlI that was spIked WIth RBBR stock SolutIon resultmg m final RBBR 
content of soIl at 150 ~g/g The spIked soIl was mdividually treated WIth freshly prepared 
straw-grown I lacteus moculum (80 g) andlor bactenal consortIUm (Isolated from 
dye-contammated soIl m IndIa) cultIvated m the BH medIum (1 1 mlof 1,63 x 109 cfu/ml) 
RespectIve controls were prepared SImIlarly by addmg heat-killed (autoclaved) moculum An 
addItIonal control was prepared contammg contammated soIl, stenle straw and Bll medIUm 

EcotOXIClty tests The folowmg three types of tests have been employed (1) Terrestnal 
plant growth tests were performed usmg water and organIC solvent extracts of SOlI samples 
WIth each extract a filter paper was soaked and 100 seeds of dIfferent plant speCIes were 
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placed over and the germmatIOn was measured after 72 hrs (11) Daphnza magna acute 
ImmobIlIzatIOn test was carned out wIth 50 ml of SOlI water extract With 10 daphnIa mfants 
and after 24 hrs the mhIbitIOn of motIlIty was observed (m) SolId-phase mIcrobIal tOXICIty 
test mvolved addItIOn of pH mdlcator dye and BacIllus cereus culture mto the sOlI suspensIOn 
After 2 hrs mcubatIOn the change m absorbance maxIma of the dye (due to the reductIOn of 
the dye by bactena) were measured 

2. Results 
Deco[orlzatlon 
CapabIlIty of decolonzatIOn of the dyes poly R-478 and Remazol BnllIant Blue R 

(RBBR) IS consIdered to be a measure of hgnmolytic actiVIty of whIte rot fungI (FIeld et al , 
1993, Pastl & Crawford, 1991) Smce the abIlIty to decolonze the former dye has also been 
correlated wIth bIOdegradatIOn of some P AHs (FIeld et aI, 1992), the abIlIty to decolonze 
both dyes, of whIch the polymenc poly R-478 can be attacked only usmg extracellular 
enzyme actiVIties (FIeld et a1, 1993), was tested to compare the bIOdegradatIOn potentIal of 
preselected strams of whIte rot fungI (cf Sasek et aI, 1998) wIth that of I lacteus (Table 1) 
The decolonzatIOn efficIency was tested m mmeral and complex media because a stram 
usable for practIcal degradatIOn of xenobIOtics should not be "damty" to realIze ItS 
bIOdegradatIOn potentIal under a Wide range of envIronmental condItIOns The content of 
mtrogen source, that IS known to control the productIOn of lIgmnolytic peroxidases m whIte 
rot fungI was from 0002-0003% (LNMM, MEG) to 007% (YEP G) The ten preselected 
fungal strams tested could be dIVIded mto two groups, the fungI that were capable of 
decolonzatIOn under broad nutntlve condItIOns (B adusta, I lacteus, P ostreatus, T 
versIcolor, P punctatus) and those that reqmred speCIfic condItIOns (P chrysosporzum, C 
metamorphosa, D confragosa, Mycoacza sp, S rugosum) (Table 1) From the latter group, 
P chrysosporzum, C metamorphosa and S rugosum dId not decolonze the dyes m yeast 
extract-peptone-glucose (YEPG) medIUm contammg a hIgher concentratIOn of mtrogen used 
m the form of an organIC mtrogen source, whereas D confragosa showed poor decolonzatIOn 
on low-mtrogen mmeral medIUm Under smtable condItIOns, the effiCIently degradmg strams, 
e g B adusta, I lacteus, T versIcolor, P chrysosporzum, were able to completely decolonze 
the agar plate WIthm not more than 10-11 days from the moculatIOn (Table 1) 

All the strams tested grew well on both mmeral and complex agar medIa, the most 
rapId growth bemg observed With B adusta, I lacteus, T versIcolor and P chrysosporzum 
that were able to cover the whole plate With mycelIUm withm 3-4 days (Table 2) The 
capabIlIty to colomze soIl was also compared smce It IS an Important charactenstic m the case 
the fungus IS employed for soIl bIOremediatIOn I lacteus, P ostreatus and P chrysosporzum 
efficIently colomzed the stenle soIl by exploratory mycelIUm (Table 2) T versIcolor was 
capable of only a partIal colomzatIOn whereas B adusta dId not grow mto the soIl at all I 
lacteus effiCIently colomzed also nonstenle soIl, whIch mdicated ItS resIstance to mhibitory 
effects by SOlI mIcro flora (not shown) The results were confirmed when mhibitIOn of fungal 
growth by the soIl bactena Pseudomonas cepacza and Sphzngomonas sp was tested on agar 
plates by the method of Radtke et al (1994) AntIbIOtIC productIOn by bactena, e g 
phenazmes, IS belIeved to result often m such a growth mhibitIOn However, not even the use 
of phenazme mductIOn medIUm stimulatmg the productIOn of phenazmes by pseudomonads 
resulted m any mhlbitIOn of growth of I lacteus, whereas growth of P ostreatus and P 
chrysosporzum was mhibited m the presence of the above SOlI-aSSOCIated bactena The 
optImal humIdIty value for soIl colomzatIOn by I lacteus was 15-20% (w/w) (not shown) 1 
lacteus was also rather resIstant to tOXIC effects of vanous pollutants smce we observed good 
colomzatIOn of a nonstenle gas works SOlI (M) contammg a total of about 300 ppm of vanous 
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P AHs, 1 2 ppm cyarude and sIgmficant concentratIOns of heavy metals such as Cu2
+ and Pb2+ 

and of a soIl (P) artIficIally contammated WIth RBBR dye at 150 ppm (not shown) 

Table 1 DecoionzatlOn of agar medIa contammg poly R-478 or RBBR dyes (each 0 02%, w/v) dunng 
growth at 28°C 

Culture medIUm 
Fungus YEPGa MEGb LNMMc 

Dye 
PolyR-478 RBBR Poly R-478 RBBR Poly R-478 RBBR 

BJerkandera 0(7) 0(10) D (6) 0(10) 0(11) 0(17) 
adusta 
Jrpex ++ (20) D (10) 0(9) 0(7) 0(11) 0(7) 
lacteus 
Pleurotus +++ (20) 0(12) 0(19) 0(10) 0(9) 0(20) 
ostreatus 
Trametes 0(6) 0(10) 0(6) 0(7) ++ (20) 0(17) 
verslcolor 
Phanerochaete NO - (20) ND 0(6) ND 0(6) 
chrysosporzum 
Cerzporza - (20) - (20) D (8) 0(7) 0(13) 0(7) 
metamorphosa 
Daedaleopsls 0(7) ND D (7) 0(17) - (20) ++ (20) 
confragosa 
Mycoacza + (20) 0(14) +++ (20) 0(14) ++ (20) 0(14) 
sp 
Phelhnus +++ (20) 0(19) 0(11) 0(14) 0(14) 0(14) 
pseudopunctatus 
Stereum - (20) - (20) 0(13) D (17) +++ (20) 0(20) 
rugosum 
aYEPG yeast extract/peptone/glucose medIUm, pH 4 5, bMEG, malt extract/glucose medIUm, pH 45, cLNMM, 
low nItrogen mmeral medIUm CTIen & KIrk, 1988) contammg 2 4 mM ammOnIum nItrogen as the N source 
Decolonzmg actIvIty decolOrIzatIOn of one-thIrd (+), two-thIrds of the agar plate (++), almost total 
decolonzatIOn (+++), total decolOrIzatIOn wIthout any dye shade CD), ND, not determmed 

The whIte rot fungI tested dIVIded mto two dIstmct groups from the pomt of VIew of 
the effect of the type of medIUm on bIOmass YIeld In B adusta, P ostreatus and P 
chrysosporzurn, there was more than a 20-fold dIfference between the growth YIelds m MEG 
and LNMM medIa that have a roughly SImIlar content of total nItrogen and less than 2-fold 
dIfference m the carbon source contents The dIfference m bIOmass YIelds m the two media 
was much lower m J lacteus, C rnetarnorphosa and D confragosa (see below Table 4) A 
reason for such dIfferent behavIOur IS unknown 

In order to check the bIOdegradatIOn power of I lacteus, ItS abIlIty to degrade a range 
of synthetIc dyes, monoazo-, diazO-, anthraqumone-based-, heterocychc-, trIphenyl methane
and phthalocyanme dyes, was tested m both agar medIa and shallow hqUId cultures (Table 3) 
In a prehmmary test, decolonzatIon of 11 dIfferent dyes (each at 200 ppm) was tested on the 
complex MEG solId medIUm (Table 3), where the most rapId decolonzatlOn of poly R-478 
and RBBR dyes was observed (cf Table 1) All types of the dyes used were completely 
decolonzed, the slowest decolonzatIOn process takmg about 20-25 days was observed WIth 
Congo Red and Naphtol Blue Black (dIazO dyes) and WIth Methylene Blue (thIazme dye) 
(Table 3) In shallow hqUId cultures a mmeral medIUm was used mstead of MEG medIUm 
employed m the prehmmary test to aVOId absorbance by the yellOWIsh MEG medIUm that 
could mterfere With spectrophotometncal estImatIOn of dye degradatIOn The relatIve 
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decolonzatlOn values related to the ongmal dye concentratIOn of 150 ppm, that were obtamed 
m statIonary lIqUId cultures WIth selected dyes after a 2-week degradatlon, were the 
follOWIng Methyl Red (monoazo dye) 56%, Congo Red (dIazO dye) 58%, RBBR 
(anthraqumone-based dye) 93%, Cu-phthalocyanme (phthalocyanme type) 98%, and 
Bromophenol Blue (tnphenyl methane type) >99% (Table 3) Effect of the presence of dyes 
on growth was also measured Growth YIelds m shallow lIqUId cultures contammg the above 
dyes were reduced by 36-49%, the most tOXIC bemg Congo Red, Bromophenol Blue and 
RBBR (not shown) 

Table 2 Growth offungal strainS In agar media and In sterile soil at 28°C 

Fungus Culture medIUm 
MEGa LNMMD Sterile SOlI (cmJday)d 

BJerkandera adusta 3 4 0(-) 
Jrpex lacteus 3 3 039 (T) 
Pleurotus ostreatus 3 6 031 (T) 
Trametes versIcolor 3 4 022 (P) 
Phanerochaete chrysosporlum 3 3 053 (T) 
Cenpona metamorphosa 4 4 NO 
Daedaleopsls confragosa 5 6 c NO 
Mycoacla sp 5 13 NO 
Phellznus pseudopunctatus 9 8 NO 
Stereum rugosum 9 22 NO 
aMEG, malt extract/glucose medIUm, pH 4 5, bLNMM, low nItrogen mInerai medIUm (Tlen & Kuk 1988) 
contamIng 2 4 mM ammonIUm nItrogen as the N source, ND, not determIned Growth on MEG and LNMM was 
estimated on agar plates, figures refer to numbers of days necessary for coverIng the whole surface of a Petri 
dish WIth mycelIum CMycelIum covered only two-thIrds of the plate surface and stopped grOWIng dGrowth 
measured as a length of SOIl column (1 5 cm diameter) colOnIzed by exploratory mycelIum of the fungus 
grOWIng from a 2-cm layer of fresh straw-grown Inoculum MaXimal length of soIl column colomzable by the 
fungus was 6 cm Growth rate was expressed as a mean length (cm) of SOIl column colomzed per day by 
exploratory mycelIum withm 9-d penod T, fungus was able to colOnIze the whole length of the soIl column, P 
fungus colomzed only a part of the SOIl column S length, -, no growth of exploratory mycelIum In the SOIl 

Table 3 DecoloflzatlOn of synthetiC dyes by Jrpex lacteus In malt extract/glucose agar medIUm and In 

shallow stationary cultures growmg m low nitrogen minerai medIUm at 22°C 

Type DecolonzatlOn effiCiency 
Dye Complete decolor J Dye removed (% t 

(days) 
Methyl Red Monoazo 9 56 
Methyl Orange Monoazo 9 NO 
ReactIve Orange 16 Monoazo 10 NO 
Congo Red Diazo 20 58 
Reactive Black 5 Diazo 11 NO 
Naphtol Blue Black Diazo 27 ND 
RBBR AnthraqUinone-based 10 93 
Disperse Blue 3 AnthraqUinone-based 17 ND 
Fluorescem Heterocyclic 15 ND 
Methylene Blue Heterocyclic (thlazIne) 22 NO 
Bromo Phenol Blue Tnphenyl methane 12 >99 
Cu-~hthalocyanme Metal complex Cu(II) ND 98 
1, Figures mdlcate a penod from InOCulatIOn (m days) necessary to completely decolonze the agar plate containing 
MEG medIUm With a dye at 200 ppm 2Flgures refer to the portIOn of the ongInal dye concentratIOn of 150 ppm 
removed by the fungus from the low nitrogen mmeral medIUm (LNMM) durmg 2 weeks ND not determined 
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Removal of the dye from contammated SOli 

SoIl contammated WIth the synthetIc dye Remazol Bnlhant Blue R (RBBR) was 
treated mdependently WIth wheat straw-grown whIte rot fungus Irpex lacteus, a bactenal 
consortIUm Isolated from a dye-polluted soIl and a coculture compnsmg both I lacteus plus 
the bactenal consortIUm (FIg 1) 
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Figure 1 Removal of RBBR from contammated sOlI by I lacteus (a), bacterIal 
consortIum (b) and a coculture of the fungus and the bacterIa (c) 

Both I lacteus and the co culture removed RBBR (decrease m absorbency at 578 nm) 
gradually dunng the 49 day mcubatIOn tIme to 76 and 78%, respectIvely The bactenal 
consortIUm alone, however, decolounsed RBBR startmg after 14 days wIth a final RBBR 
removal of 89% Usmg controls wIth heat-kIlled moculum of the three bIOremedIatmg 
systems almost no decolounsatIOn occurred The decoloratIOn by co culture dId not show an 
mcreased RBBR removal as compared to the mdividual cultures ThIS mIght be explamed by 
the observatIon that I lacteus mhIbited growth of the bactenal consortIum 

LlgmnolytlC en7Jlmes 
LigrunolytIc enzymes have been shown to be responSIble for bIOdegradatIOn ofvanous 

recalcItrant pollutants, e g P AHs, pestICIdes, synthetIc dyes (cf reVIews CernIglIa, 1992, 
Hammel, 1995, Field et al, 1993, PaszczynskI & Crawford, 1995, etc) and thus theIr 
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synthesIS and regulatlOn m I lacteus were studIed under vanous conditlOns Compared to 
other whIte rot fungI efficIently decolonzmg poly R-478 and RBBR, I lacteus was found to 
be able to produce a hIgh level ofMnP whose productlOn, however, was very much dependent 
on the type of medlUm, and a medlUm level of laccase wruch was rather mdependent of the 
medlUm used (Table 4) As m D confragosa, the hgnmolytic enzyme productlOns m I lacteus 
were sIgmficantly hIgher m the complex MEG medlUm, compared to the mmeral medlUm 
(LNMM), even though the total mtrogen concentratlOns m the two medIa were not much 
dIfferent (approxImate respective estimatlOns based on the mformatlOn on malt extract gIven 
by the producer are 0 02 and 0 03 g Nil) In contrast LIP was not present on eIther medlUm 
(Table 4) 

Table 4 Lignmolytlc enzyme acttvltles of whIte rot fungI exhlbltmg high capacity of decolorizatIOn of 
poly R-478 and RBBR dyes growmg m shallow hqUld cultures at 28°C 

Orywelght Enzy_me activity (UIL) 
Fungus bIOmass (gIL) LIP MnP Laccase 

LNMM MEG LNMM MEG LNMM MEG LNMM MEG 
B adusta 22 744 0 0 633 95 03 07 
I !acteus 82 127 0 0 05 177 0 32 5 8 
P ostreatus 22 788 0 0 05 136 61 4 123 
T velslco!or NO NO 0 NO 230 NO 50 NO 
P chrysosponum 38 800 0 1 0 20 40 03 0 
C metamorphosa 189 201 0 0 07 1 4 1 9 02 
D confragosa 103 144 0 06 0 154 160 473 
FIgures represent maXImal enzyme actIvItIes and growth YIelds obtamed dunng a 3-week cultIvatIOn 
LIP, hgnm peroxIdase, MnP, Mn-dependent peroxIdase, LNMM, low llItrogen mmeral medIUm (Tlen & KIrk, 
1988) contammg 2 4 mM ammolllum llItrogen as the N source MEG, malt extract/glucose medIUm, pH 4 5, NO, 
not determmed 

A 20-fold mcrease m the ammomum mtrogen m the mmeral medlUm resulted m a 
consIderable mcrease of the productlOn of MnP nad laccase, accompanIed by the appearance 
of LIP actIVIty (Table 5) I lacteus IS thus able to synthetIze SImultaneously all three major 
extracellular hgmnolytic enzyme actIVIties, LIP, MnP and laccase, whIch IS rather an 
mfrequent SItuatIOn m whIte rot fungI (Hattakka, 1994) In additlOn to those actIVItIes, 
extracellular pyranose-2-oxidase and RBBR OXIdase actIvItIes (not shown), the latter bemg 
dIscovered only recently m P ostreatus (Vyas & Mohtons, 1996), were also detected m the 
extracellular flUId of shallow lIqUId cultures grown on the mmeral medlUm of Tien and KIrk 
ImmobIlIzatIOn of I lacteus m the nommmersed lIqUId culture, that may partIally mImIC 
natural growth of the fungus on lIgnocellulOSIC substrates and m P chrysosp0rlum led to 
overproductIon of LIP at excess mtrogen levels (Dosoretz et ai, 1993), resulted m decreased 
levels of IIgmnolytic enzymes, compared to the shallow statIOnary culture (Table 5) 

The enzymes were also syntheSIzed dunng growth of I lacteus on straw and m SOli, 
WIth the exceptIOn of MnP whose actIVIty was not detected m the straw and soIl cultures The 
actIVItIes of LIP and laccase extractable from the soIl coloruzed by exploratory mycelIum of 
the fungus represented one tenth of the actIVItIes extracted from the straw cultures (Table 5) 
AeratIOn With pure oxygen, compared to SImple air dIffuSIOn, reduced the productlOn of LIP 
and MnP whIle the syntheSIS of laccase was not mfluenced by the mtensity of aeratIOn 
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Table 5 Effect of cultIvatIOn condItIons on the productIOn of hgmnolytIc enzymes In Jrpex lacteus 

Type of culture (medIUm) 
Enzyme StatIOnary Nommm Straw SOIl 

(HNMM) (HNMM) U/g dry wt straw U/g dry wt soil 
U/L UIL 
AIR AIR OXYGEN AIR OXYGEN AIR OXYGEN 

LIP 70 (18) 0 0 6 (13) 34(20) 04(20) 03(28) 
MnP 970 (18) 831 (10) 527 (10) 0 0 0 0 
Laccase 36 (18) 23 (20) 26 (10) 2 (20) 28(20) 03(20) 02(24) 
FIgures represent maXimal enzyme actiVIties obtamed dunng a 20-day cultIvatIOn on lIqUid media (statIOnary 
shallow lIqUid culture, nommmersed hqUld culture) and dunng a 30-day cultivatIOn on straw or m SOlI 

(exploratory mycelium) All cultivatIOn were carned out at 28°C Numbers m parentheses mdlcate the day of 
cultIvatIOn when the maXImal enzyme actIVIty was detected 
HNMM, hIgh mtrogen mmeral medIUm accordmg to Tien & Kirk (1988) contammg 45 mM ammonium nitrogen 
as the N source, LIP, hgnm perOXidase, MnP, Mn-dependent peroXidase, ND, not determmed 

Llgmnolytlc enzyme formatlOn by I lacteus 
A tune course study of the hgmnolytIc enzyme formatIOn by J lacteus was conducted 

m a non-Immersed lIqUId culture system under mtrogen lImItatIOn condItIOns Under these 
condItIons the three IIgnmolytIc enzymes, LAC, MNP and LIP were detected (FIg 2) No 
other IIgmnolytIc enzymes were detected The formatIOn of the hgmnolytIc enzymes was 
obtamed m a temporal sequentlal mode, WIth the peak level of LAC actiVIty precedmg that of 
MNP and LIP (days 4, 7, and 11, respectIvely) AnalYSIS of the heme protem compOSItIOn m 
the extracellular flUid of I lacteus taken on day 10, usmg strong amon exchange HPLC and 
actIVIty tests revealed the presence of four MNP and three LIP Isozymes (FIg 3) The 
Isozymes were denommated MNPI-MNP4 and LIPI-LIP3 accordmg to the order of elutIOn 
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FIg 2 TIme course of hgmnolytIc enzymes actIVItIes In the extracellular flUid of J 
lacteus cultivated In the non-Immersed hqUid culture system under mtrogen lImItatIOn 
condItIon Bars IndIcate standard error 
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Fig 3 Anton exchange-HPLC fractlOnatlOn of the extracellular flUId of 10 day old 
cultures of I lacteus grown m low nttrogen medIUm under air m the non-Immersed 
hqUld culture system HPLC was performed on a Resource Q column at a a flow rate of 
o 8 mllmm with a hnear gradient of sodIUm acetate (10-1000 mM) at pH 6 and 
momtormg at 409 nm 

For the punficatIOn of LIP Isozymes, I lacteus was cultIvated In manganese-free 
medIUm In order to repress the formatIOn of MNP As eVIdenced from the heme proteIn 
profile obtaIned for extracellular flUId of day 12 of growth, USIng strong amon 
exchange-HPLC (FIg 4), the three LIP Isozyme were the domInant heme proteIns whereas no 
MNP actIVIty was detected In addItIOn, an unknown heme peak. denomInated A, lackIng LIP, 
MNP and MIP actIVIty, was also oberved The speCIfic actIVItIes obtaIned for the punfied 
Isozymes LIPI-3 were 782, 80, and 120 U/mg and the RZ factor 20, 25, and 25, 
respect! vely 
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FIg 4 Amon exchange-HPLC fractIOnatIOn of the extracellular flUId of 12 day old 
cultures of I lacteus grown m manganese free-low mtrogen medIUm under aIr m the 
non-Immersed lIqUId culture system HPLC was performed With a lInear gradient of 
sodIUm acetate (10-1000 mM) at pH 6 and momtonng at 409 nm on a Resource Q 
column (top), at a a flow rate of 0 8 ml/mm, or on a Mono Q column (bottom), at a flow 
rate of 1 ml/mm Insert dIsplays SDS-PAGE of the punfied LIP Isozymes Protem 
stammg was done WIth Coomasle BnllIant Blue G-2S0 

The phYSIcal propertIes of the Isolated Isozymes were determmed (Table 6) The 
molecular weIghts of LIPI-LIP3 determmed by SDS-PAGE were found to be 41, 41, and 44 
kDa, respectIvely Each lane resulted m only one band for each Isozyme, mdicatmg a hIgh 
degree of punficatIOn Removal of the N-Imked carbohydrate of the punfied enzymes WIth 
N-glucosidase resulted for each smgle protem m a molecular mass of 393 kDa for LIP 1 and 
LIP2 and 41 8 kDa for LIP3, mdicatmg a carbohydrate content of 4-5% by weIght, wluch IS m 
agreement With that of other fungal peroxldases The pI values of the three Isozymes 
(LIPI-LIP3) were estImated by gel IEF and found to be 50,49, and <4 6, respectIvely Only 
one band of actIVIty was obtamed for each of the mdividuailsozymes after stammg the gel for 
peroXIdase actIVIty WIth DMP 
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The optIcal absorptIOn spectra for the LIP3 Isozyme was determmed The absorptIOn 
spectra of the natIve LIP3 exlu.btted a Soret maxImum at 407 nm and vIsIble bands at 503 nm 
and 634 run (FIg 5) AddItIOn of 40 eqUIvalent (120 )lM) of HzOz to natIve LIP3, led to the 
formatIOn of compound III, With a Soret maxImum at 413 nm and a vlSlble bands at 545 nm 
The absorptIOn spectra of a LIP-cyanIde complex exhIbIted a Soret maxImum at 360 and 422 
nm and a VIsIble band at 530 nm SImIlar results were obtamed for the other LIP Isozymes of 
I lacteus The absorptIOn maxImum obtamed for eIther natIve LIP, H202-oxidized LIP and 
LIP-cyamde complex resulted very sImIlar to those obtamed for LIP of P chrysosponum 
[Warllsm and Gold, 1990] 

Table 6 PhYSical properties of lignm peroxidase Isozymes from [ lacteus 

Isozyme Mr(KDat pIb GlycosylatlOnC(%) 

LIP 1 41 50 42 (393) 

LIP2 41 49 42 (39 3) 

LIP3 44 <46 49 (41 8) 

aMolecular weight (Mr) was determmed by SDS-PAOE and protem stammg with Coomassle 
Bnlhant Blue 0-250 bIsoelectnc pomt (pI) was determmed by IEF gel electrophoresIs and 
protem stammg wIth eIther wIth Coomassle Bnlhant Blue 0-250 or bv actIVity stammg With 
DMP "Degree of glycosylatlOn was determmed by removal of the N-Imked carbohydrate of 
the punfied enzymes with N-glucosidase followed by SDS-PAOE Numbers m brackets 
represent the Mr In kDa upon deglycosylatlOn 
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FIg 5 Optical absorptIOn spectra of LIP3 Isozyme from [ lacteus Compound III was 
obtatned by the additIOn of 40 eqUivalents of H202 to native LIP The LIP-cyamde 
complex was obtamed by the additIOn of 5 mM potassIUm cyamde to native LIP In all 
cases, LIP concentratIOn was 3 /lM m 100 mM acetate buffer at pH 6 Insert shows a 
magnIficatIOn ofthe VISible range of the spectrum 

The N-termmal ammo aCId sequence of the three LIP Isozyme of I lacteus was 
determmed (Table 7) As can be observed by companng the N-termmal ammo aCId sequence 
of the LIP Isozymes from I lacteus wIth those reported for LIP Isozymes of other whIte-rot 
fungI, a low homology IS eVIdent 
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Table 7 Companson of the ammo aCId N-tenmnaI sequence of LIP Isozymes 
from I lacteus wIth those reported for selected LIP Isozymes 
produced by other white-rot fungi 

LIP Isozyme N-termmal sequence 

I L - LIPI V-N-P-G-G-G-R-F-V-K-N-A-A-A3 

I L -LIP2 V-N-P-G-G-G-R-F-V-K-N-A-A-A3 

I L - LIP3 V- ?_?-G- D-G-R-T-V-K-N-A-A3 

PC-H2 V-A-C-P-D-G-V-H-T-A-S-N-A-A-C-C-Ab 

B A -LPO-2 V -A-C-P-D-G-K-N-T -A-I-N-A C 

TV -LPI2 V-A-C-P-D-G-V-H-T-A-T-N-A-A-C-C-Qd 

3ThIS work 
b Adapted from Reddy] 
CAdapted from KImura, at al 
d Adapted from Johansson at al 
AbbrevIatIOns I L , Jrpex lacteus P L ,P chrysosporzum B A , BJrkandera adusta 
TV, Trametes verslcolor 

The pH dependence m the oXIdatIon of veratryl alcohol by LIP3 Isozyme was studIed 
(FIg 6) The hIghest rate ofveratryl alcohol OXIdatIOn was observed at around pH 22 whereas 
only neglIgIble actIVIty was measured at pH 4 5 and above 
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Fig 6 pH-actiVity profile of LIP3 Isozyme from I lacteus Assays were done at 25°C 
condItIOns 10 125 mM sodIUm tartrate buffer 

The kmetic parameters of LIP Isozymes was determmed at pH 3 5 and 25°C WIth 
H20 2 and veratryl alcohol as substrates (Table 8) The catalytIC propertIes of LIP Isozymes, as 
expressed by kcat and Km values, were SImIlar among them, and m the same range of those 
prevIOusly publIshed for LIP Isozymes from P chrysosp0rlum strams BKM-F and INA-12 
[Farrell et al, 1989, Glumoff et al, 1990, RothschIld et al, 1997] LIke most fungal 
peroxidases, LIP Isozymes from I lacteus OXIdIzed veratryl alcohol and a vanety of 
substItuted phenols tested m the reactIOn, displaymg, m general, a preferentIal reactiVIty for 
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veratryl alcohol as the electron donor (Table 9) The reactivIty towards the dIfferent substrates 
were SImilar among the three Isozymes GUaIcol and 2,6-dImetoxhyphenol whIch were 
reported as efficlent substrates for LIP from P chrysosp0rlum and B boss55, resulted much 
less reactIve toward LIP Isozymes from I lacteus 

Table 8 CatalytiC properties of pUrIfied LIP Isozymes from I Lacteusa 

Isozyme 
Km-VA(f.lM) Km - H20 2 (J.lM) kcat (s ) 

LIP 1 3264 ± 45 166 ± 0 3 178±26 

LIP2 2338 ± 6 I 152±02 149 ± 39 

LIP3 3155±83 136±01 20 9± 6 2 

aKinetiC parameters were determined from InItIal velOCItIes LIP Isozymes 
were Incubated at 25°C III sodIUm tartrate buffer (125 mM, pH 35) Km 
Mlchaehs- Menten constant, kcat turnover number per second, V A veratryl 
alcohol 

Table 9 RelatIve activity ofhgnm peroXidase Isozymes of I lacteus on selected substituted phenols 

Substratea ')..b (nm) Be (mM I cm I) RelatIve actiVItyd (%) 
LIP I LIP2 LIP3 

Veratryl alcohol 310 3900 100 100 100 

2,6-Dimethoxypheno I 468 27500 45 52 41 

Hydroqumone 247 21028 77 87 64 

GuaIacol 465 12100 19 22 18 
aSubstrate concentratIOn was I mM, pH was 3 5 and temperature 25°C III all cases bWavelength for 
maximum absorbance of the product/substrate of oXIdatIOn at which the course of the reactIOn was 
followed In each case CExtlntlOn coeffiCient of the product/substrate of OXIdatIOn by whIch the course 
of the reaction was followed In each case dRelatlve activIty IS the percentage of actiVIty for each 
substrate In respect to veratryl alcohol 

PAH degradatIOn 
The abIlIty of I lacteus to remove three- and four-nnged P AHs from the complex 

MEG medIUm was compared WIth those of B adusta, P ostreatus, T verslcolor and P 
chrysosp0rlum All P AHs tested were present sImultaneously In shallow lIqUId cultures each 
at a concentratIOn of 25 ppm The removal rates by I lacteus of all P AH tested, both after 2 
and 4 weeks, were supenor to those by other fungI The degradatIOn of anthracene was 
accompanIed by an accumulatIOn of anthraquInone, much more maSSIve than In other fungal 
orgarusms tested (FIg 7) In the case of fluorene, the removal rate by I lacteus was 
comparable to the rate observed WIth P ostreatus, but was slIghtly lower than the rates 
measured With B adusta, T verslcolor and P chrysosp0rlum The evaluatIOn of phenanthrene 
removal was complIcated due to a maSSIve dIsappearance of the compound In heat-kIlled 
control systems suggests losses by volatIlIzatIOn or IrreverSIble sorptIOn that obscured a 
pOSSIble weak degradatIon of phenanthrene SInce the abIlIty of P ostreatus and T verslcolor 
to remove and metabohze phenanthrene has been rather well documented (cf Sack & Gunther 
et al, 1997, Bezalel et al , 1996b) 
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Figure 7 DegradatIOn of P AHs III hqUid medIUm by selected whIte rot fungI 
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The capabIhty of removal of the above P AHs by the actIOn of I lacteus was also 
tested m artIficIally contammated soil at 50 ppm The removal rates by the fungus after 3 
months for anthracene, fluoranthene and pyrene were 49, 25 and 52% of the ongmal amount, 
respectIvely (Table 10) In thIs case, however, no anthraqumone accumulated Compared to 
the removal from hqUId medIum, also a net removal by the fungal culture of 37% of the 
spIked amount of phenanthrene was observed (Table 10) AddItIOn of cultures of 
Pseudomonas putzda and Sphzngomonas sp dId not have any effect, the bactena dId not 
degrade the PARs and dId not contnbute to degradatIOn of PARs by I lacteus (FIg 8) 

Table 10 Removal ofPAHs from artIficIally spIked soIl by Irpex lacteus at 26°C dunng 3 months 

Removal ofPAH (%)1 ± S D (%i 
Phenanthr Anthracene (Anthraq 3) Fluoranthene Pyrene 

Total removal 75 ± 10 98 ± 32 (6 ± 19) 61 ± 8 89 ± 23 
Heat-killed control 38 ±4 49 ± 8 (6 ±4) 36± 7 37 ±4 
Removal by fungus 37 49 - 25 52 

Iper cent of the ongmal amount of PAH used for contammatlOn (400 J.lg/6 g soIl) = 100 % 2Relatlve 
stabdard deVIatIOn 3Per cent of the ongmal amount of anthracene used for contammatIOn Expenmental 
condItions 6 g soIl (0 W ) + 2 g sand + 4 g straw m 100-ml ErIenmeyers, moculatIOn WIth the fungus 
grown on straw, SOIl humIdity 20 % (w/w), temperature 26°C, aeration by air dIffuSIOn, 5 rephcates, 
duratIOn 3 months 
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The P AH-degradatlOn efficIency of I lacteus, both mdividually and m combmatIOn 
wIth P putlda, m an actual PAH-contammated soIl (sOlI M - see Matenals and Methods) was 
analysed after 5 weeks of mcubatIOn penod The soIl was contammated With a number of 
P AHs With concentratIOn range between 20 to 150 ppm At the end of 5 weeks of mcubatIOn 
I lacteus and the coculture sIgmficantly degraded phenanthrene, anthracene, pyrene and 
fluoranthene (10 to 60%) The decrease m the concentratIOn of P AHs was not observed where 
mdividual bactenal culture was applIed The current expenment IS stIll runmng and the final 
analysIs Will be completed after 3 months 

In the same expenment, ecotoxiCIty tests of soIl samples, both before and after 
remediatIOn, were carned out Both heat-kIlled control and untreated SOlI samples were tOXIC 
to mustard (Brasslca sp) seeds (100% mhIbition of seed germmatIOn) and Daphma magna 
(100% mortalIty rate), whIle the SOlI samples treated With I lacteus and the coculture were 
found to be sIgmficantly less tOXIC « 30% mhIbitIOn of seed gemllnatIOn and 0% mortalIty 
rate respectIvely) At the termmatIOn of the expenment the solId-phase mIcrobIal tOXICIty test 
has been be mcluded 

Expenments dealmg wIth the study of bIOdegradatIOn, volatIlIzatIOn and sorptIOn of 
PCBs and P AHs usmg tube-reactor system are not mcluded m thIs report bemg detaIled 
descnbed m the Annual Report for 1997 

FIeld experiment - compostmg and appizcatlOn ofwhlte rotfungl. 
SOlI used m thIS expenment ongmated from a former aCCIdentally contammated SIte 

due to an 011 spIllage Smce the content of PAHs was low, the concentratIOn was mcreased 
through artIfiCial spIkmg A pIle of 500 kg of soIl screened through a SIeve of 08 mash was 
contammated WIth anthracene, phenanthrene and pyrene m a followmg way 10 kg of dry, 
nver sand (gram SIze < 2 mm > 0 5 mm) was gradually sprayed With a 4 5 lItre of acetone, m 
whIch all above anthracene, phenanthrene and pyrene (25 g each) were dIssolved The 
contammated sand was transferred to decontammatIOn field and gradually mIxed With 500 kg 
of soIl usmg a small excavator The final concentratIOn of each P AH m soIl was 50 ppm 
Compostmg 450 kg of contammated soli was mIxed (usmg an excavator) With 2000 kg of a 
mIxture of raw matenals obtamed from a mushroom compost producmg company (so called 
"green substrate") Dunng the second mIxmg, water (300 lItre) was contmuously added tIll 
optImum compost humIdIty At the end, a pIle about 2 m hIgh was made and covered WIth a 
perforated black plastIC fOIl to allow aeratIOn but keep hIgh temperature and humIdIty In 
week mtervals the pIle ""as spread out over the decontammatIon place, evaporated water 
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added and the pIle was rebUIld agam ThIs way of compostmg corresponds to a prolonged 
"phase I" of the fermentatIOn of mushroom substrate The fermentatIOn process possessed 
typIcal feature of a proper compostmg - temperature course mSIde the pIle (first four weeks 
65°C, next 3 weeks gradually ceasmg down), changes m structure and color of straw partIcles 
(yellow straw turns dark browmsh and was partIally decomposed), sIgmficant loss of orgaruc 
matter and contmuous decrease of manure smell The concentratIOn of all three P AHs 
gradually decreased throughout the compostmg and at the end of the process It represented 
only about 10% of ongmal amount, m the 2nd week of the treatment a sIgmficant 
accumulatIOn of anthraqumone was detected as a result of anthracene metabolIsm (FIg 9) 
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Applzcatzon oj whlte rot Jungl 20 kg of above descnbed contammated soIl was mIxed WIth 20 
kg of straw grown whIte rot fungus A layer 20-25 cm was made mSIde a wooden frame, the 
surface mOistened and covered WIth a whIte, perforated plastIC foIl The expenment was 
checked m week mtervals, If necessary the surface was mOistened but not mIxed Growth of 
fungal mycelIum was observed VIsually WIth Pleurotus ostreatus fruIt bodIes started to form 
after 6 week treatment demonstratmg good phYSIOlogIcal state of the .fungus However, the 
removal of P AHs was not found sIgmficant because the expenment was mfluenced by the 
dIsappearance of the polyaromatics both from the treatment fields and control SOlI matenal 
probably due to some phYSIco-chemIcal factors That IS why the expenment was repeated 
under green house condItIOns WIth Irpex lacteus WIthIn 7-week-treatment the removal of all 
the 3 P AHs was m the range of 60-70%, and the sIgmficant anthraqumone accumulatIOn was 
observed dunng the first week of the expenment 

IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER 

Impact of the project on the research and realIzatIOn of bIOremediatIOn m the Czech RepublIc 
has been dIverSIfied BaSIC research results of the project WIll mfluence the evaluatIOn of the 
effectIveness of mdividual soIl remedIatIOn treatments by descnbmg all necessary steps that 
should precede the field tnals The findmg of volatIlIzatIOn of some P AHs PCB congeners 
demonstrated neceSSIty of health protectIOn regulatIOn both under laboratory and field 
expenments 
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PractIcal Impact of the project was the selectIOn of a whIte rot fungus Jrpex lacteus 
whose phYSIOlogy and bIOchemIcal propertIes have been only margmally studIed It has been 
reported to be an effiCIent source of extracellular cellulase-, xylanase-, D-galactanase-, and 
aCId RNase- actIvIties (Kanda et aI, 1985,1989, Tsumuraya et aI, 1990, Watanabe et aI, 
1995) and tested as a IIgrun degrader (Capelan & ZadraZIl, 1997) The bIOdegradatIOn 
abIlIties of J lacteus are practICally unknown smce only bnef mformatIOn has been publIshed 
so far documentmg the removal of PCP from artificially-contammated soIl and ItS bmdmg 
mto humIC matenals by the bIOchemICal activIty of the fungus (Lestan & Lamar, 1996, 
Ruttimann-Johnson & Lamar, 1997) Our growth expenments charactenze I lacteus as a 
robust lIgmnolytic fungus capable of good growth on both synthetic medIa and m soIl, ItS 
capabIlIty of efficIent colomzatIOn of nonstenle SOlI, where competitIon WIth autochthonous 
soIl microfiora IS occurrmg, WhIch IS Important from the pomt of VIew of possIble 
applIcabIlIty to soIl remedIatIOn, when the growth of fungus m the whole volume of soIl IS a 
prereqUIsIte of quantItatIve removal of the xenobiotic 

Dunng the course of the project usmg analytIcal eqUIpment purchased from the grant, 
one PhD and one MSc student realIzed theIr dIssertatIons and ffio PhD student started theIr 
research Students and research workers of the Czech laboratory got a traImng m IsraelI 
laboratory and partIcIpate m top SCIentIfic meetmgs As a result of the project, the Czech 
laboratory became a recogruzed center of basIc research on rrncrobIaI soIl remedIatIOn It 
started a cooperatIOn With two local envIronmental compames and the EarthFax Development 
Corp, Utah, USA The purpose of collaboratIOn wIth Czech companIes IS the scale-up of the 
remediatIOn of P AH polluted soIls, the goal of collaboratIOn wIth the ErthFax Development IS 
mtroductIon of fungal technology mto Czech RepublIc The Laboratory IS consulted by the 
Czech NatIonal Health InStitute on the evaluatIOn of soIl remedIatIOn technologIes and have 
been entrusted With the organIzatIon of the NATO Advanced Research Workshop m the 
Czech RepublIc m 2000 In connectIOn wIth the project, an mternatIOnal cooperatIOn wIth the 
Umversity of Regensburg, Germany, and the Umversity of Grenoble, France has developed, 
both supported by the Mmistry of Education of the Czech RepublIc and ItS correspondmg 
partners m Germany and France, respectIvely DuratIOn of both projects IS 3 years, first 
project deals wIth decolonzatIOn of synthetIc dyes, the second wIth P AH degradatIOn 

PROJECT ACTIVITIES/OUTPUTS 

1 Meetmgs attended and held/or entzre project 

a) 8th IUMS Congress, Jerusalem, Israel, August 1996 
b) Mim-Symposium on BIOsorptIOn and MIcrobIal DegradatIOn V, Prague, Czech RepublIc 
December 1997 
c) In SItu and On-SIte BIOremediatIOn, The Fourth InternatIOnal SymPOSIum, New Orleans, 
USA, Apnl 1997 
d) NATO Workshop, Jesemk, Czech RepublIc, August 1997 
e) MintSymPOSIum on BiosorptIOn and MIcrobial DegradatIon V, Prague, Czech RepublIc, 
November 1997 
f) Second InternatIOnal SympOSIUm BIOsorptIOn and BIOremedIatIon, Prague, Czech 
RepublIc, July 1998 
g) SIXth InternatIOnal MycologIcal Congress, Jerusalem, Israel, August 1998 
h) Workshop der V AAM-Fachgruppe MykologIe, Fnednch-SchIller-Umversltat Jena, 
Germany, October 1998 
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1) SIlver JubIlee of the MycologIcal SocIety of IndIa & ASIan MycologIcal Congress, 
InternatIOnal SymposIUm on TropIcal Mycology, Umversity of Madras, IndIa, January 1999 
J) MimsymposIUm on BIOsorptIOn and MIcrobIa DegradatIOn VI, Sec u ChnudImI, Czech 
RepublIc, March 1999 
k) In SItu and On-SIte BIOremedtatIOn, The FIfth InternatIOnal SymposIUm, San DIego, 
ColIforma, USA, Apnl 1999 

2 Tralmng 

1) Two SCIentIsts from the Czech laboratory (A Kubatova and C Novotny) spent a two 
months trammg stay m MIGAL m the fall 1996 to learn laboratory solId-phase cultIVatIOn 
technIques and carry out m Vltro and m VlVO bIOdegradatIOn expenments 

11) In 1998 trammg of two coworkers of Czech laboratory m MIGAL (P Erbanova 8 weeks, 
C Novotny 2 weeks) was dIrected to the study of productIOn ofhgrunolytic enzymes m 
the model fungus Irpex lacteus on hgnocellulosic substrate and m soIl It enabled to take 
over mto Czech laboratory the methods routmely used m MIGAL laboratory for 
estImatIOn of specIfic actIvItIes ofmdividual enzymes of the lIgmnolytic complex 

lll)In March 1999 C Novotny partIcIpated one week on PractIcal Trammg Course on 
Toxk.lts m Besse, France, that was partIally supported from the grant The reason of the 
stay was gettmg the expenence WIth the ToxkIt method of bIOlogIcal tOXICIty tests 

3 PublIcatIOns 

l) In revlewedJournals 

Kubatova A, Matucha M, Erbanova P, Novotny C, Vlasakova V , Sasek V InvestIgatIOn 
mto PCB bIOdegradatIOn usmg umformly 14C-Iabelled dichlorobiphenyl Isotopes EnVIron 
Health Stud 34 325-334, 1998 
Sasek V , Novotny C , Vampola P Screenmg for effiCIent organopollutant fungal degraders 
by decolonzatIOn Czech Mycol 50 303-311, 1998 
Novotny C , Erbanova P , Sasek V , Kubatova A , CaJthaml T , Lang E , Krahl J , Zadrazil F 
Extracellular OXIdatlve enzyme productIOn and P AH removal m SOlI by exploratory 
mycelIum of whtte rot fungI BIOdegradatIon 00 1-10, 1999 
Krcmar P, Kubatova A, Votruba J, Erbanova P, Novotny C, Sasek V DegradatIOn of 
polychlonnated bIphenyls by lIgmnolytic enzymes of Phanerochaete chrysosponum 
produced m perforated plate bIOreactor World J MicrobIOI Blotechnol (m press) 
Matucha M, Bubner M, Kubatova A, Erbanova P, Uhltfova H, Novotny C, Sasek V 
MethodIcal aspects of applIcatIOn of 14C-Iabellmg m ecologIcal research Acta Umv 
Carolmae 1999 (m press) 
Kubatova A, Erbanova P, Volakova I, Nerud F, Sasek V PCB congener selectIve 
bIOdegradatIOn by the whIte rot fungus Pleurotus ostreatus m contammated SOlI 
Chemosphere (m preparatIOn) 
C Novotny, P Erbanova, T Cajthaml, M Bhatt, N Rothschtld, C G Dosoretz, and V Sasek 
Irpex lacteus, a whIte rot fungus applIcable to water and SOlI bioremediatIOn Appl MlcrobIOI 
Biotechnol (m preparatIOn) 
N Rothschtld, C Novotny, V Sasek and C G Dosoretz Ligrunolytic enzymes of the fungus 
Irpex lacteus (Polyporus tuhpzforae) IsolatIOn and charactenzatIOn of lIgmn perOXIdase 
Appl EnVIron MICrobiol (m preparatIOn) 
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u) Proceedmgs 

Sasek V ,Novotny C, Erbanova P, Bhatt M, CaJthaml T, Kubatova A, Dosoretz C, Rawal 
B, MolItons H P SelectIOn of lIgmnolytic fungI for bIOdegradatIOn of organopollutants 
Proceedmgs of the In Situ and On-Site BIOremedIatIOn, The Fifth InternatIOnal SymposIUm, 
ApnI19-22, San Diego, ColIfornIa, USA,1999 (m press) 
Kubatova A , Erbanova P Factors affectmg the evaluatIOn of long-term PCB bIOdegradatIOn 
m soIl by whIte rot fungi, pp 141-146 m Baveye Ph, Block J -C- Goncharuk V V (Eds) 
BIOavrulabilIty of organic xenobIOtics m the enVironment - PractIcal consequences for the 
enVironment NATO ASI Senes, Kluwer PublIshers, 505 pp, 1999 (m press) 

c) Lectures or posters on sClentific meetmgs wlth publzshed abstracts 

Sasek V , Novotny C , Erbanova P SelectIOn of hgmnolytlc wood -rot fungal strams based 
on decolonzatIOn of poly R-478 and remazol bnllIant blue R (RBBR) dyes Abstr p 73, 8th 
IUMS Congress, Jerusalem 1996 
Erbanova P , Novotny C , Kubatova A , CaJthaml T , Sasek V Companson of the abilIty of 
vanous whIte rot fungi to degrade PCBs and P AHs m soIl Abstract pp 49-51, 
Mim-SymposIUm on BIOsorptIOn and MiCrobial DegradatIOn V, Prague, November 24-28, 
1997 
Kubatova A , Erbanova P , Matucha M , Sasek V Effect of PCB sorptIon and volatilIty on 
biodegradation expenments m soIls Abstract pp 21-22, Mmi-SymposIUm on BIOsorptIOn and 
MiCrobial Degradation V, Prague, November 24-28, 1997 
SaSek V , Novotny C, Erbanova P , Kubatova A, CaJthaml T Fate of PCBs and P AHs 
dunng theIr degradatIOn by whIte rot fungI m SOlI Abstract pp 32-33, Mim-SymposIUm on 
BIOsorptIOn and Microbial DegradatIOn V, Prague, November 24-28, 1997 
Cajthaml T , Kubatova A, Erbanova P, Pacakova V ApplIcatIOn of supercntlcal flUId 
extraction (SFE) m the study of bIOdegradatIOn m soIl Abstract P 4-2, 2nd InternatIOnal 
SymposIUm BIOsorption and BIOremedIatIon, Prague, Czech RepublIc, July 12-17, 1998 
Novotny C, Erbanova P CaJthaml T, Kubatova A, Bhatt M, Dosoretz C, Rawal B, 
MolItons H P, Sasek V Irpex lacteus, a whIte rot fungus (WRT) With sIgmficant 
bIOdegradatIOn potential Abstract L 3-12, 2nd InternatIOnal SymposIUm BIOsorptIOn and 
BIOremedlatIOn, Prague, Czech RepublIc, July 12-17, 1998 
Sasek V , Novotny C , Erbanova P , CaJthaml T , Kubatova A Removal of P AHs and PCBs 
from contammated SOlI by whIte rot fungI Abstr p 87 m Abstracts of the 6th Internat Mycol 
Congr , Jerusalem, Israel, August 23-28, 1998 
Sasek V , Novotny C SoIl bIOremedlatIOn usmg whIte rot fungI strong and weak pomts 
Abstr p 23 m Workshop der V AAM-Fachgruppe MykologIe, Fnednch-Scruller - Umversltat 
Jena, 8 -9 October 1998 
Sasek V ,Novotny C ,Erbanova P, Bhatt M, CaJthaml T, Kubatova A, Dosoretz C, Rawal 
B, Mohtons H P SelectIOn of hgmnolytlc fungI for bIOdegradatIOn of organopollutants 
Abstr B6 m In SItu and On-SIte BioremediatIOn, The FIfth InternatIOnal SympOSIUm, Apnl 
19-22, San DIego, ColIfornIa, USA 1999 
Novotny C , Sasek V , MolItons H P BIOdegradace aromatickych uhlovodlku a syntetlckych 
barviV houbami aktIvne rostoucimi v tekutych medllch a v pude Abstr p 18 m VI rocmk 
MmisympOZIa 0 bIOSOrpCICh a bIOdegradacich a III rocmk semmate BIOdegradace, Sbornlk 
sympozIa, Sec u Chrudimi 8 -11 bfezna 1999 
Novotny C , Rawal B , Bhatt M , Patel M , Sasek V , Mohtons M Fungal degradation of 
synthetIC dyes Abstr pp 44-46 m SIlver Jubilee of the MycologIcal SOCIety of India & ASIan 
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MycologICal Congress, InternatIOnal SympOSIUm on TropIcal Mycology, Umversity of 
Madras, India, 20-22 January, 1999 

lV) DlssertatLOns 

Kubatova A OptImIzatIOn and applIcatIOn of analytIcal methods m bIOdegradatIOn studIes of 
polychlonnated bIphenyls (PCBs) 1m Czech! PhD-thesIs, Faculty of SCIence, Charles 
UmversIty, Prague 1997 
Cajthaml T ApplIcatIOn of analytIcal methods m the study of P AH degradatIon 1m Czech! 
Ms-thesIs, Faculty of SCIepce, Charles UmversIty, Prague 1998 

PROJECT PRODUCTIVITY 

The project was from the begmnmg planned With the aim to get maxImum from the 
study of phYSIOlogy of whIte rot fungI and theIr pOSSIble applIcatIOn m sOlI remediatIOn All 
the mam parts were fulfilled as It was ongmally proposed The problem raised wIth the 
mtroductIOn of bIOlogICal tOXICIty tests We lost the tIme trymg to mtroduce, as the first test, 
the method mvolvmg lummescence bactena Smce the target compounds (PARs and PCBs) 
are practICally water msoluble, we dId not succeeded to overcome thIS factor That IS why m 
the last runnmg expenment we are usmg another solId-phase mIcrobial tOXICIty test based on 
a speCIfic enzymatIC actIVIty of Baclllus cereus whtch reduces a pH mdicator dye (resazunn) 
ThIS method had not been known m the tIme when the project was prepared On the other 
hand we mcluded the treatment of contammated soIl by compostmg that was not ongmally 
mvolved m the program 

FUTURE WORK 

The work started and developed dunng thIS project Will contmue The Czech laboratory wIll 
prolong the work on the basIs of the grant of the Grant Agency of the Czech RepublIc 
"Companson of the effectIveness of lIgnmolytic fungI-assIsted mIcrobial remedIatIOn of 
polluted sOlIs With the method of compostmg" for the penod 1998-2000 All analytIcal 
eqUIpment purchased dunng the AID grant Will be used m the forthcommg research work 
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