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2,'1,5 trichloropliunoI{2.'l,S TrCP) formed significant amount.s of hc.xaclilorodibcnzodio>:in(H6CDD) when 
treated cnzymaticaily with horseradish peroxidase, culture solution of Phancrochaetc chrysosporium or diluted 
whey. In acklition the results using Phanerochaete chrysosporium show considerable formation of chlorinated 
dioxins at a naiurai peroxidase tare. Ptiroxidase activity is a good measure lo estinmtc the formation of dioxins 
from 2/f ,5-TrCP. Competivo reactions observed in whey can reduce the formation by orders of magnitude. 

Introduction 

Peroxidases are common enzymes in nature. They have a low substrate specifily and a high redox-potential. 
Pero:cidase catalysed reactions are characterized by free radicalic substrate intermediates, which may react in a 
variety of wny.s. 
Peroxidases are involved in biogenic polymerizations reactions, such as the formation of lignin. Also, the inilial 
degradation of the lignin-polymer by white- and brownrotting fungi is peroxidase catalysed (D1LL,KBATHE 
EPEUN;1988/ lftiiDL'R;I988). In animals peroxidases function in antimicrobial defense systems (SEYMOUR ET 
AL;198^). 
OBERG ET AL. (1989) and SVENSOS ET AU(1989) demonstrated in vitro the formation of PCDD/F in the presence of 
peroxidases and 2,'1,5 tricldorophenol. 

The ;iim of our rescarcli was to demonstrate biogenic formation of PCDD/P, in H complex biological peroxidase 
producing .system acting on 2,4,5 TrCP. Supporting experiments with horseradish peroxidase were conducted to 
analyse the influence of low cn2yme activities, and the effect of substrate concentration on PCDD/F formation. 
This paper presents results of well defined experiments similar to 6berg's and Svenson's, but with step by step 
reduced peroxidase activities, and varied substrate concentrations. Secondly, we describe the results of experiments 
with two biogenic peroxidase containing media: culture filtrate of Phanerochaete chrysosporium and whey. 

Kxperimental/Methods 

AlLfiSnfidlOants were done with 250ml measuring flasks at room temperature. The 2,'1,5 TrCP used was purified 
until no PCDD/F could be detected (detection limit). Hydrogen peroxide was used to start the reaction either after 
dissolving 2,4,5 TrCP and horseradish peroxidase in buffer solution, or after the addition of an aquoous 2,4,5 TrCP 
solution to n biogenic peroxidase containing media. The concentration of 2.4,5 TrCP was determined with 
HPLC/UV at 222nm before and afler the reaction. 
All samples were cleaned up on an Alox-coloumn and concentrated to a final volume of 20 - lOOul. The samples 
were quantified with a labelled ^̂ C PCDD/F standard mixture. The measurements were conducted using a GC/MS 
(HP5370-ULTRAI ;25m/HP5970). 

ExpcHmcnts with horseradish peroxidase 
The experiments were performed with 2.0U/ml, 0.2U/ml, 0.02U/ml and 'o.005U/ml (U^Pyrogallol Units) 
peroxidase. Tlie assays were buffered with 0.01 molar 2,2 dimcthylsuccinate at pH 4.0. 
After the reaclion the samples (250ml) were alkalinized (three pellets NaOH) and shaken three times with 80ml 
n-hexan/dichloromcthane (80/20vol.%), Tlie extract was filtered through sodium sulphate and concentrated with a 
rotar>' evaporator to n volume of 1 - to 2ml. 

Experiments with culture filtrate of Phanerochaete chrjsosporlum 
ThecuhuTc was cultivated using the methods oi KmK ET AL.{1978) and 2/TZ£tSflEflG£fl(;987). The cultures were 
buffered at pII 4 with 0.01 molar 2,2 dimethylsucclnate. Tlie peroxidase activity of the culture solution was 
determined using a modified enzyme test (GAIJ^ZZI ETAL; 1986; 1989} with chloropromazinehydrochloride as the 
electron donor. Tlie test was calibrated with horseradish peroxidase. 
At the; point of higliest enzyme activiiy the cultures were harvested and combined. The mycel was seperaicd from 
the culture solution with a steel net. For experiments only the filtrate was used. 
The chemical analysis followed the procedure above with one modification: The addition of 20ml sodium chloride 
during the extraction. 
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Kxperlmcnts with \\hcy 
Tresh milk was precipatcd with concentrated hydrochloric acid at ph 4.5. After centrifuging tlie supernatant liquid 
M-as filtered with a folded filter. The pH was set to pH 5.5 with 15% sodium hydroxide solution. Tliree aqueous 
L!ilutions were used (80, 20 and 4 vol.%) for the experiments. 'ITie peroxidase activity was determined with a tost 
using guaiacol(Putter; 1974). This test was calibrated with horseradish peroxidase. 
For extraction saturated sodium oxalate solution (100ml) was added to the whey (250ml). This .solution was shaken 
Ihree limes wilh 300ml ether/n-hexan (66/33vol.%). After that the organic fraction was shaken three times witli 
100ml of 1% sodium hydroxide solution, filtered through sodium sulphate and concentrated to a volume of 1 - 2ml. 
The clean-up and measurement was conducted as described above. 

Results 

SUM(H6CD0J (O txfng/?60inll 

r 

^efoî iOasa activity fi.i.'2'.0.ivt 

Figure 1: Correlniion between petoxidn.in activiiy and fanned Dioxins 
fOl?,TSmBOL: Lorscrftdish pctoTdiiiscSTAjisniBOL: filtrate Pfaanerocbaele clir>-sosporiurn.5C(I.£:doublc logarilhic 
AisCISS.t: peroxidase activity(U/250ml).O«OOT/(r£: (SUM(H6CDD))smn hcxachlorijiatcd dioxins(ng/2S0ml). 
|2,4,5 TrCP): 20ppm.[H2Ojl: 70ppai(28ppm at 5U/250ml)Volume; 250ml.pH: 4.0. 

Figure 1 shows that Ihe amount of hcxachlorinated dioxin(H6CDD) formed, correlated with the squareroot of the 
peroxidase activity. Biogenic samples wilh culture filtrate of Phanerochaete chrysosporium formed H(6)CDD at the 
s.ime level as experiments with pure enzyme. 

SUUIH6COOI [ng/250ml} 

I 
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i 'lput 2: Conelntion between 2.4.5 TK:Pconcenlralion andSUMfH6CnD) 
SCuLE: \meAiABSasu: (2.4,5 TiCP)(rpm).OROm/(7I: SUM(H6CDD)(ng/230inl). 
Peroxidase activity: 5U/250ml.(H2O2l: 70ppm (28ppin al 20ppm 2,4.5 TrCP).Volume: 250ml.pH:4.0. 

Figure 2 shows the influence of the concentration of 2,4,5 TrCP on the formation of H6CDD at a peroxidase activity 
of 5 U/250ml. The formaiion of HCCDD is limited by the supply of 2,4.5 TrCP up to a concentration of 20-40ppin. 
The reduction of substrate in this experimenl was smaller than 20%. 
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L it^iirc 3: (':firt,.'Uitian licc.i'cc.n h\ilroi;enpernxide cancendutiou and StlMffl^CPD). 
.Vili/..:: Iini-3r,'l/«cvs.v.i: (Il^f.ljKppnO.Oxrav.i?!;: SljM(ll('iC,'DDKng/250inl).Peroxidase .icli^ily: .'iU,/250ml. 
|J,'I..'> T](.l ' |:?n|ii. i i i.Vijl i imc: .'jOiEil.pIl: 4.0. 

N(ijjn;tlly Un; SI;CI;;IKI peroxidase substrate is hydrogen peroxide. Tlie figure sliow.s lh.it Ihe amount of H6CDD 
t'orirjcd [̂  inde[jcnder.t of tlic ainoiinl of hydrogen peroxide in the concentration range used in this study. 

PCOD/I. Invxumli 

l..,i 

H0% ooioxioar.d 
Ti(}0(.'y250"i> 

BHJHGCOD 

riJucctJc 

i . ^ PSCUD 

• • F'5CDF 

rij;iirt! 4: RekitUm bctwt\'n:--^-hcvCi)ncciviauon Qniijonnarion of PCDD/F^ and compotison of (he fommt'iQn of 
PCDD/f' hi't}K'Ctin \vhc\- anii har.<:iirocli.̂ h i>eio.xi(hse. 
SCA! tV- discrctc/lintJr^I/^\0^•J|•.^: wlicy concentriHiaii(vol.%),in brjckcis: jKroxidJSC aclivity(U/?JOinI), and activity of horseradish 
[icr(jxid,i;;c(U/'2.̂ 0nilJ.Ow.W/i7y:'5:1'ruiii the basis to tlic 10|); concentration pcntac]ito(ihatcd furans and dioxins, and 
licx.icliltjiinjiicd Inrans iuni dioxiiis(iic/25()ml). Volume: 2f̂ 0m\.llORSF.R.-U}lsi!PF.HOX}D.̂ SF.: [11202]: 70[>pm.(2,4,5 TrCP]: 
•-Mjpprn.pllrl.D. 
Wlirv: [2,4,5 TiC;i'|: .lOppni.llIjOjJ: 70p|)iii.i)H: .<i.5. 

Whey is also a pi^rcjxidase coni;nnirig medium which fornu:d PCnO/I- ' in the presence of 2,4,5 TrCP and hydrogen 
pci oxide, but the yit*-ld based on the peroxidase activity wii,s much less than with pure enzyme experiments. 
Competivc reactions weie likely responsible for these rcsuhs: The concenlralion of 2,4,5 TrCP was held constant 
while the whey was ililuted The amount of PCDD/F increased from 80% whey to 20% whey. 
Also there wi-ic j;reat differences with regard to tlie share between ])entachIorinated and hexachlorinated isomers. 
The experiments at pH 4 showed that WdCDDIV are the predominant PCDI.^/F formed. However, in whey at a pH 
of 5.5 dechlorinated [:t;nta isomers were predominant. IIe[)tachlorinated or octachlorinated substitution was not-
found. 
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Discussion 

'iliis paper shows that peroxidase containing biogenic systems are able to combine suitable chlorinated compounds 
-.0 I'CDD/h". On the one hand low levels ot enzyme aaiviiyf-f;GI//{£: 1) were able to dimeriie 2,4.5 TrCV, but on Ihe 
oilier hand high peroxidase aclivities(-F/Gy/!i''#) did not necessarily produce high amounis of PCDD/F if compelive 
reactions were significant. 
In both cases the formation of biogenic dioxins could be explained with peroxidase activity alone. 
Peroxid.ises need hydrogen peroxide as a second substrate. In these experiments wc added enough so that il was 
present in excess. In order for the peroxidase reaction to proceed in nature, the biogenic systems have naturally to 
produce a sufficient level of hydrogen peroxide. 
To csiimate the importance of biogenic dioxin sources it is necessaiy to find relevant peroxidase systems anil 
relevant substrates. It is also importani to unprove the methods describing the peroxidase activity of non-liquid 
media. 
It was shown lhat xenobiolics can be degraded by Phanerochaete chrysosporium (liVMPHS KTAl̂ ; 
l9li5:19S9/MlLESKlETAl.:1989). Examinations by ByMTOSCT/iLfiPSj; demonstrated the degradation of 2,3,7,8-
TCDD ill a culture of Phanerochaete chrysosporium. Many examinations accentuate the importance of this fungus. 
For possible commercial decontamination applications (MESSNERETAL;1988) the possibility of biosynthesis of toxic 
compounds should be considered before employing this technique. 
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