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Abstract t 

Testss were conducted on four aromatic carbonylic compounds and their corresponding 

reducedd derivatives, possible substrates and products of a biotransformation for toxicity 

againstt the white-rot fungus Phanerochaete chrysosporium. The bacterium 

PseudomonasPseudomonas putida, which has been proven to be a good test organism for the 

investigationn of toxic effects, was used as a primary screen. For both P. chrysosporium 

andd P. putida, all ketones showed a higher toxicity than their corresponding alcohol-

derivatives.. Within one chemical group a direct correlation between the hydrophobicity 

(logPP values) of the compounds and their toxicity was observed. Furthermore, all tested 

compoundss also caused an isomerization of cis to trans unsaturated fatty acids in P. 

putida,putida, a mechanism by which this bacterium adapts its membrane to toxic 

environmentall  influences. Toxicity of aromatic carbonylic compounds in an established 

biotransformationn system with Phanerochaete chrysosporium can be estimated by 

calculatingg the corresponding logP values of the substrates and potential products. P. 

putidaputida can be used to test the toxicity of aromatic ketones to the basicdiomycete P. 

chrysosporium. chrysosporium. 
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Introduction n 

Theree is an increasing demand for the synthesis of optically pure chemicals. Chiral 

alcoholss are interesting intermediates for the pharmaceutical, agrochemical and food 

industries.. Traditionally, these compounds are produced by using kinetic resolution 

methods.. In this method often an unwanted isomer is formed which has to be 

recycled.. Biocatalysts are well known for their high stereoselectivity. Using a 

prochirall  ketone in combination with a biocatalyst seems therefore a more efficient 

andd environmentally friendly method. 

White-rott basidiomycetes might be useful biocatalysts since they contain an extensive 

reductivee enzyme system (Tuor et al. 1993; Reddy et al. 1998; Schoemaker et al. 1989, 

1994)) and are relatively resistant to toxicity (Barr et al. 1994; Bumpus et al. 1985). 

Enantioselectivee reduction of a substituted fluoro ketone to the corresponding alcohol by 

thee white-rot fungus Phanerochaete chrysosporium has been described (Bemardi et al. 

1990).. Recently it was demonstrated that white-rot fungi have outstanding reductive 

enzymess for the problematic biocatalytic conversion of aromatic acids into the 

correspondingg aldehydes and alcohols (Hage et al. 1999). 

Toxicityy of aromatic compounds may hinder a successful scale-up at the substrate 

concentrationss necessary for economic conversion. Aromatic compounds and organic 

solventss are toxic to cells in an rather unselective manner. The main target for the 

toxicityy of organic compounds to bacterial and eukaryotic cells is the cell membrane 

(Heipieperr et al. 1994; Sikkema et al. 1995). The compounds partition preferentially 

inn membranes causing an increase in membrane fluidity^hich is leading to a non-

specificc permeabilization. This loss of metabolites and irons, causes an inhibition of 

cellularr growth or even cell death (Heipieper et al. 1991, 1994; Sikkema et al. 1994, 

1995).. Cell toxicity can also be expected for aromatic carbonylic compounds. 

Thiss study examines the use of P. chrysosporium as biocatalyst in the byconversion of 

aromaticc compounds in more detail. Specifically, it examines the toxicity of different 

organicc compounds, belonging to the group of aromatic carbonylic compounds and all 

partt of the substrate spectrum of white-rot fungi (Hage et al. chapter 4), and their 

correspondingg reduced derivatives (figure 3.1) to Phanerochaete chrysosporium. 

PseudomonasPseudomonas putida was used as a primary test organism, having previously been 

provenn as a test system for the toxicity of other organic compounds like aliphatic 

alcoholss and phenols (Heipieper et al. 1995). 
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Figuree 3.1: Chemical structures of the investigated carbonylic compounds and their corresponding reduced 
derivatives. derivatives. 

Materialss and methods 

Micro-organismsMicro-organisms and culture conditions 

PseudomonasPseudomonas putida S12 was previously isolated as a styrene-degrading organism 

(Hartmanss et al. 1990). The strain was cultivated in a mineral medium as described by 

Hartmanss et al. (1989) with 15 mM glucose as sole carbon source. Cells were grown in 

1000 ml shake cultures in a horizontally shaking water bath at 30 °C. 

PhanerochaetePhanerochaete chrysosporium was obtained from the type collection of the Division of 

Industriall  Microbiology, Wageningen Agricultural University, The Netherlands. The 

strainn was maintained on 2% malt agar slants at 4 °C. For growth experiments cells were 

cultivatedd in a nitrogen-limited medium containing 2.4 mM ammonium tartrate as 

nitrogenn source and 10 g l"1 glucose as carbon source, as described by Kirk et al. (1978). 

Pellett cultures were grown in 11 Erlenmeyer flasks containing 500 ml medium under air 

atmospheree at 38 °C at an agitation speed of 150 rpm. 

GrowthGrowth experiments with Pseudomonas putida SI2 

Ann inoculum from an overnight culture (5 ml) was transferred to 100 ml fresh medium. 

Afterr 3 hours of exponential growth the toxins were added. Cell growth was measured 

byy monitoring the turbidity (O.D.560nm) of cell suspensions using a spectrophotometer. 

forr * 

"CH20H H 

CO O 
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GrowthGrowth experiments with Phanerochaete chrysosporium 

5000 ml medium were inoculated with 104 conidiospores per ml medium. The cultures 

weree inoculated for 1 day before the toxins were added. After two days of growth in the 

presencee of the toxins cell growth was measured by determining the dry weights of the 

cultures.. Therefore, the pellets were harvested by filtration through a paper filter. The 

weightt was determined after they had been dried at 80 °C for 12 h. Growth rates of all 

culturess were calculated using the dry weight of control cultures (no addition of toxins) 

DeterminationDetermination of growth inhibition 

Growthh inhibition caused by toxins was calculated by comparing the differences in 

growthh rates \i (h~') between intoxicated cultures with that of a control culture as 

describedd by Heipieper et al. (1995). The growth inhibition of different concentrations of 

toxinss is defined as the ratio of the growth rates u (h"1) of toxin-treated and control 

cultures.. The experiment was carried out in triplicate. 

LipidLipid extraction and transesterification 

Cellss of 100-ml suspensions of P. putida were centrifuged 2 h after addition of the toxic 

agentss and washed with phosphate-buffer (50 mM, pH 7.0). The lipids were extracted 

withh chloroform/methanol/water as described by Bligh and Dyer (1959). Fatty acid 

methyll  esters were prepared by a 15 min incubation at 95 °C in boron 

trifluoride/methanoll  using the method of Morrison and Smith (1964). The fatty acid 

methyll  esters were extracted with hexane. 

DeterminationDetermination of fatty acid composition 

Fattyy acid analysis was performed using GC (capillary column: CP-Sil 88; 50 m; 

temperaturee program from 160 to 220 °C; FED). The instrument used was a CP-9000 gas 

chromatographh (Chrompack-Packard). The fatty acids were identified with the aid of 

standards.. The relative amounts of the fatty acids were determined from the peak areas 

off  the methyl esters using a Chromatopac C-R6A integrator (Shimadsu, Kyoto, Japan). 

Replicatee determinations indicated that the relative error (standard deviation/mean) x 

100%% of the values was 2-5%. The trans/cis ratio of unsaturated fatty acids was defined 

ass the ratio between the amounts of the two trans unsaturated fatty acids (16:1 trans, 

18:11 trans) and the two cis unsaturated fatty acids (16: Ids, 18: lew) of this bacterium. 
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Results s 

Thee hydrophobicity of the investigated compounds was determined to get an overview 

off  their toxic potential. This is usually expressed as a logP value that gives the 

partitioningg of a compound over an octanol/water two-phase standard system (Saito et 

ahah 1993; Heipieper et ah 1994). The logP values were calculated according to the 

hydrophobicc fragmental constants, as given by Rekker and de Kort (1979) 

Tablee 3.1 Relation between the hydrophobicity of several organic compounds, their toxicity towards P. 
putidaputida S12 and P. chtysosporium, respectively, and their effect on the trans/cis jatio of unsaturated fatty 
acidss in P. putida S12 

Phanerochaete Phanerochaete 
PseudomonasPseudomonas putida S12 chrysosporium 

Organicc compound log P inhibition trans/cis Inhibition 

50%a(mM)) 50b(mM) 50%a(mM) 
2-hydroxyacetophenone e 

2-hydroxy-11 -phenylethanol 

acetophenone e 

11 -phenylethanol 

2-chloroacetophenone e 

2-chloro-11 -phenylethanol 

33 -chloropropriophenone 

3-chJoro-ll  -phenyl-1 -propanol 

1.25 5 

1.70 0 

1.72 2 

2.18 8 

2.48 8 

2.93 3 

3.01 1 

3.46 6 

n.d.c c 

20.0 0 

8.0 0 

13.0 0 

1.5 5 

3.0 0 

0.5 5 

1.9 9 

n.d.c c 

22.0 0 

9.5 5 

11.8 8 

1.5 5 

3.1 1 

0.8 8 

2.0 0 

n.d.c c 

11.5 5 

3.3 3 

7.9 9 

0.7 7 

2.7 7 

0.4 4 

1.3 3 

aa Concentration which caused 50 % growth inhibition of/3, putida S12 and P. chrysosporium cells. 
bb Concentration which caused an increase in the trans/cis ratio of unsaturated fatty acids to 50% of the 

maximumm trans/cis level reached at saturating concentrations of the toxin. 
cc Not detected (this compound was not commercially available). 

Fromm these calculations (table 3.1), the possible range of toxicity was estimated 

accordingg to the correlation between toxicity (50% growth inhibition) and logP received 

forr 10 organic solvents by Heipieper et ah (1995). Since the experiments for these 

data/formulaa had been examined with P. putida cells, the decision was made to 

investigatee the toxicity of the compounds first in a system using these bacteria as test 

organism.. Therefore, cells of P. putida were grown in a mineral medium with glucose as 

energyy and carbon source. The growth rate u of the cells was about 0.55 h"1, which 

correspondss to a doubling time (to) of about 1 h 20 min. Toxins were added at different 

concentrationss during the exponential growth phase. The organisms continued to grow 

exponentially,, but at reduced growth rates. One experiment lasted 6 hours. 

46 6 



ToxicityToxicity of aromatic carbonylic compounds 

1200 -r 

:=  100 
o o 
g g 
II 80 
o o 

 60 

|| 40 
o o 
o>> 20 

0 0 
00 5 10 15 20 

concentrationn (mM) 

Figuree 3.2 The effect of acetophenone , 2-chloro-acetophenone (A), 3-chloro-propiophenone , 
1-phenylethanoll  (O), 2-chloro-1 -phenylethanol (A) and 3-chloro-l-phenyl-1-propanol (D) on growth 
off  Pseudomonas putida S12. 

Thee growth rate after the addition of the toxin to exponentially growing cells is given 

relativee to a control without the toxins. 

Figuree 3.2 shows the growth inhibition caused by the ketones and alcoholic compounds. 

Forr all measured derivatives it was demonstrated that the ketones were always more 

toxicc than their corresponding alcoholic compound. The data are presented in table 3.1. 

Withinn each chemical group (ketone or alcohol) the toxicity increased with an increasing 

hydrophobicityy (logP) 

Afterr these results for P. putida, growth experiments were performed with P. 

chrysosporiumchrysosporium using the same concentration range of every compound which had been 

foundd to be toxic for P. putida. One experiment lasted 3 days because of the much 

slowerr growth rate of the fungi under these conditions. Figure 3.3 shows the growth 

effectss of acetophenone and 1 -phenylethanol, and contrasts this with the results for P. 

putida.putida. To this fungus, the ketones were more toxic than the alcohols, and compounds 

withh higher hydrophobicity showed a greater toxicity. As shown for acetophenone and 1-

phenylethanol,, all chemicals tested showed a slightly higher toxicity towards the fungus 

thann to the bacterium (table 3.1). One of the adaptive mechanisms is the recently 

observedd isomerization of cis to trans unsaturated fatty acids in strains of the genera 
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Figuree 3.3: The effect of acetophenone , ) and 1-phenylethanol (0 ,G) on the growth off. putida S12 
)) and P. chrysosporium . The growth rate after the addition of the toxin to exponentially 

growingg cells is given relative to a control without the toxins. 
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Figuree 3.4: Effect of acetophenone ) and 1-phenylethanol (O) on the translcis ratio of unsaturated fatty 
acidss in P. putida S12. The toxins were added to the cells 2 hours before the lipids were extracted to 
analyzee the fatty acid composition. 
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PseudomonasPseudomonas (Keweloh and Heipieper 1996). The isomerization of the double bond is a 

reactivee mechanism of these bacteria to adapt rapidly to high concentrations of toxins 

(Heipieperr et al. 1992). It has been shown in several studies that the intensity of the 

isomerizationn correlates with the concentrations of the applied compounds (Heipieper et 

al.al. 1994, 1995). Figure 3.4 shows the trans/cis ratios of Pseudomonas putida cells after 2 

hourss of incubation in the presence of different concentrations of acetophenone. A 

relationshipp was observed between the concentration of the toxin and the increase in the 

trans/cis.trans/cis. For all compounds a maximum value of trans/cis ratio was seen, which 

resultedd in a certain range (trans/cis ratios between 0.5 and 0.6) and which was specific 

forr each compound. The results for 7 investigated compounds are listed in table 3.1 in 

orderr of their increasing logP values for each of the two investigated chemical groups. 

Tablee 3.1 also presents the concentrations of the compounds which caused a 50% growth 

inhibitionn for both P. putida and P. chrysosporium, and those causing a half-maximum 

increasee in the trans/cis ratios of P. putida. In figure 3.5 the measured LD 50 values are 

plottedd against the logP values calculated for the compounds. There are obvious 

differencess between the two organisms tested, and also between the two chemical 

groups.. The fungi are more sensitive to all compounds than the bacteria, and the 

ketoness are more toxic than the alcohols 
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Figuree 3.5: Correlation between the hydrophobicity, given as the logP values, and the inhibitory 
effectss on the growth of both P. putida S12 ( « , 0) and P. chrysosporium ) of the investigated 
carbonylicc compounds ( , ) and their corresponding alcohol derivatives (<0,D). Growth inhibition is 
presentedd as the 50% cone inhibition concentrations. For the names of the applied organic compounds 
seee Table 3.1. 
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Discussion n 

Thee procedure using P. putida presented in this paper has one obvious advantage: while 

aa toxicity test with P. chrysosporium took at least 3 days, one with P. putida needed only 

aboutt 5 up to 6 hours. The measurement of cell growth of the bacterium using the O.D. 

alsoo has the advantage of continuous control of the experiments. A promising result is 

thatt the toxicity of this group of organic compounds can also be estimated by calculating 

thee logP values of the chemicals. A quantitative structure-toxicity relationship (QSTR) 

betweenn the hydrophobicity of organic solvents and their toxic potential has often been 

describedd for different organic compounds and with different test systems (Liu et al. 

1982;; Beltrame et al. 1984; Oikawa et al. 1985; Saito et al. 1993; Heipieper et al. 1995). 

However,, this needs to be tested for each new group of organic solvents. Furthermore, it 

iss dependent on the organisms and culture conditions. This is demonstrated by the 

differencess in toxicity relationship between the carbonylic compounds and their reduced 

derivativess (figure. 3.5). It is interesting that only the ketones tested match the toxicity 

curvess seen previously for other organic compounds with P. putida, whereas the 

correspondingg alcohols show a lower toxicity than expected. This can be explained by 

cellularr reactions causing a detoxification of the compounds by entering the cells. 

Thesee experimental results suggest that toxicity is a main problem for the 

establishmentt of a biotransformation system of the investigated group of organic 

compounds.. One solution would be to screen not only for organisms able to peform a 

biotransformation,, but also for ability to adapt to higher concentrations of these 

compounds.. The fact that all compounds caused an isomerization of cis to trans 

unsaturatedd fatty acids in the membranes of P. putida is an indication that these 

compoundss induce/activate the stress response mechanisms of micro-organisms 

(Heipieperr et al. 1994, 1996). These results also demonstrate the advantage that 

possiblee products of a biotransformation wil l be less toxic to the cells than the 

correspondingg substrates. Another solution would be to work with immobilized cells. 

Itt has been observed that immobilized cells show an increased tolerance to toxic 

organicc solvents, like e.g. phenols, than free cells (Heipieper et al. 1991). Successful 

immobilizationn of P. chrysosporium in bioreactors has been described (Linko et al. 

1986;; Willerhausen et al. 1987; Feijoo et al. 1994). The main advantage of the 

methodd described in this paper is the opportunity to estimate the toxicity of any 

derivativee in an established biotransformation system with P. chrysosporium through 

thee calculation of the corresponding logP values. 
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