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A B S T R A C T

The research has been concerned with the detoxification of 

organotin biocides in the field of timber preservation. The 

effects of different fungi from the ecological succession 

associated with wood decay and also chemical mimic systems 

have been examined in order to elucidate the molecular 

mechanisms involved.

Organisms were grown in liquid culture in the presence of an 

organotin biocide (bis(tri-n-butyltin)oxide (TnBTO)) and 

detoxification was measured using a variety of techniques 

including a bacterial spore germination bioassy together with 

paper and silica-gel chromatography to separate butyltin species; 

and atomic absorbtion spectrophotometry and scanning densitometry 

to quantify tin levels. Two physiological parameters were 

examined to determine the response of the organism: mycelial

dry weight throughout the growth curve and free-radical/peroxidase 

production which was measured via an ethylene assay using a 

gas chromatograph. Dry weight data indicated a tolerance 

towards TnBTO by organisms unable efficiently to detoxify 

it (especially primary colonising fungi). Ability to detoxify 

correlated with free-radical/peroxidase production and the 

White-rot organisms were the most efficient.
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Chemical systems were designed to investigate hydroxyl free- 

radical (OH*) attack and free-radical cation attack. A free- 

radical may be defined as a chemical species having an unpaired 

outer shell electron. In addition, an enzyme isolated from 

one of the White-rot decay organisms and thought to initiate 

free-radical cation attack, was tested for its ability to 

detoxify TnBTO. In order to gain more information concerning 

the molecular mechanism of attack; a range of tributyltin 

compounds having a wide variety of attached anionic groups 

were synthesised and tested in the above systems (electron 

spin resonance and gas chromotography are proposed as additional 

tools to identify radical intermediates and breakdown products 

from the single electron oxidation/other free-radical mechanisms 

postulated). A group of new tributyltin compounds having a 

common structural feature were identified as being more stable 

than tributyltin compounds currently in commercial use.

The interaction of TnBTO with the wood substrate was also 

investigated by refluxing with wood cell wall constitutent 

compounds and evidence of possible acid cleavage or free-radical 

attack was found. Other possible mechanisms of organotin 

detoxification in the field of timber preservation are also 

discussed. In addition, the new compounds identified as having 

a potentially increased stability were tested for their fungicidal 

properties using a modified wood block test and were found to 

be equivalent in toxicity to TnBTO. The new compounds were 

also found to be more stable than TnBTO in a liquid culture 

system against a range of fungi.
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1 I N T R O D U C T I O N

1.1. Literature review

1.1.1. Organic solvent timber preservation systems and the decay hazard 

The standard method of application of organotin based wood 

preservatives for the treatment of joinery in the United 

Kingdom is by a double-vacuum impregnation of the chemicals in 

an organic solvent solution in a treatment plant. Timber 

treated by this method is used in out-of-ground-contact 

end-use situations. In the United Kingdom organotins have 

become the preferred basis for wood preservatives for exterior 

joinery such as door and window frames. The development of 

organic solvent formulations has been comprehensively 

reviewed by Richardson (1970), who described simple solutions

of 0.5% TnBTO in petroleum solvents such as white spirit or 

kerosene as being suitable for dip and double-vacuum joinery 

treatments.

The impregnation of machined joinery timber (millwork) is 

normally carried out when all wood working operations have 

been completed. In this way the best protection of 

the joinery timber or timber components is obtained by 

creating an "envelope" of treatment. Impregnation of machined 

joinery timber is normally undertaken with a non-polar 

light organic solvent preservative.
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Unlike water, non-polar organic solvents cause no swelling 

of the cell walls in the treated timber and machined joinery 

timber may, therefore, be impregnated with suitable organic 

solvent based preservatives without any risk of changes of 

the shape or dimensions of the timber in connection with 

the impregnation and re-drying.

The need for such protection of exterior joinery has been 

recognised for many years and is necessary due to the 

increasing use of non-durable soft-wood species in relatively 

high hazard situations (e.g. lower corner joints of window 

frames). Clearly, attention should be placed upon exclusion 

of moisture from the joints as well as upon preservative 

treatment of the wood itself.

Before the Second World War, the timber imported into the 

United Kingdom contained a high proportion of heartwood and 

because of this possessed a high degree of durability against 

fungal decay normally encountered in buildings situated in 

temperate climates (Watson, 1970). Since the Second World 

War, however, the proportion of sapwood in parcels of softwood 

timber (chiefly Scots Pine) for construction, imported into the 

country has increased, resulting in a more favourable environment 

for the activity of wood destroying organisms. Allied to this 

has been the decrease in section size of many timber building 

components, thus increasing the chances of structural failure 

as a result of decay or insect attack.

The colonisation and decay of out-of-ground contact exterior 

joinery has been studied using a series of L-joint trials 

on treated Scots Pine sapwood by Carey (1982 and 1983).
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A pattern of colonisation was observed similar to that of the 

ground contact situation, i.e. the following sequence:

Bacteria, followed by Primary Moulds and Blue Stain fungi, 

Soft-rot fungi, then, Basidiomycetes (White-rots and Brown-rots) 

followed by Secondary Moulds. It was reported that the 

progress of this sequence was delayed rather than prevented 

by 1% TnBTO treatment.

Serious consideration of measures to control decay in joinery 

timber in the United Kingdom began as early as 1965 when 

discussions took place between the Forest Products Research 

Laboratory, Princes Risborough; the British Wood Preservers’ 

Association and the British Woodwork Manufacturers’ Association, 

leading to a Technical Note for the preservative treatment 

of exterior softwood joinery (F.P.R.L., 1967). This proposed, 

in the light of American experience (Lance, 1958) that the 

minimum preservative treatment for pine window joinery 

should be a three minute immersion in an organic-solvent 

preservative. The Technical Note was subsequently revised 

to require that the preservative should:

a) have an initial toxicity to fungi equivalent to 

that of a 5% pentachlorophenol (P.C.P.) solution

b) have a suitable penetrating power

c) be applied by specified processes.

Requirements for the treatment of spruce and hemlock were 

also included in the revision. More general recommendations 

embracing other joinery timbers were published by the British 

Standards Institution (1970) and were quoted in the 1971 revision 

of B.S. 1186: Part 1 but preservative treatment was not made

mandatory.
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In 1969 the National House Builders' Registration Council 

(later renamed the National House Builders' Council), (N.H.B.C.), 

to which most private sector builders subscribe, made preservative 

treatment mandatory for softwood window joinery of houses 

constructed by its members.

In 1971 the Property Services Agency (within the Department 

of the Environment) made mandatory its 1968 recommendation 

for preservative treatment of all exterior joinery used in 

buildings for which it has responsibility. Later (1975) 

the N.H.B.C. extended its specification to include external 

softwood non-flush doors. At various times a number of 

local authorities, have also specified preservative treatment 

for window joinery.

The N.H.B.C. call for a minimum one minute immersion but 

generally treatments now employ either a three minute immersion 

or a double-vacuum process which gives a higher standard of 

treatment. In the United Kingdom, facilities for joinery 

treatment by immersion and by double vacuum have grown 

rapidly over the past twenty years. Double vacuum processes 

were first developed in the United States and Gill (1959) 

demonstrated their advantage not only in terms of increased 

preservative loadings but also in terms of greater throughput 

of treatment, lower labour costs, cleaner, safer working 

areas and a reduced over-absorption. Ideally a preservation 

process for the treatment of machined building timber components 

should satisfy the following requirements (Watson, 1970):
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1. The preservative should give protection against 

all forms of biological breakdown which are likely 

to be encountered in the service environment.

2. Treatment should be permanent so as to ensure a 

long maintenance-free service life.

3. The process should be fully controlled in order that 

a specified standard of treatment can be achieved.

4. Particularly in the external joinery field, the 

presence of water repellents as an aid to dimensional 

stability is desirable in addition to avoiding the 

creation of an environment allowing fungal attack.

5. The treatment itself should not induce dimensional 

changes.

6. The surface of the timber should be free from excess 

solution immediately after treatment.

7. The treated timber should be compatible with 

ancillary materials such as glue, paints, glazing 

compounds, etc.

8. The treatment should not give rise to health hazards.

Organotin (TnBTO) based organic solvent wood preservatives 

in current commercial use have, therefore, been carefully 

formulated to conform as far as possible to the above factors.
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1.1.2. Organotin compounds

1.1.2.1. Development

Despite the wide use as fungicides of organotin compounds in 

wood preservation (Evans and Hill, 1981) recent studies and 

reviews have cast doubts on their longer-term stability in the 

presence of some chemical and biological degradation factors.

Van der Kerk and Luijten (1954) first proposed the use of 

organotin compounds in wood preservation and found optimal 

activity with tributyltin derivatives, which have been in 

commercial use especially in the United Kingdom and Scandinavia 

for approximately 25 years. TnBTO and to a lesser extent 

tris(tribultlytin)phosphate and tributyltin naphthenate have 

all found use in modern organic solvent based wood preservative 

formulations.

The low aqueous solubility (ca. 0.001% w/v) of the majority of 

tributyltin compounds has precluded their application in water-based 

formulations. One way to overcome this problem has been to 

emulsify TnBTO with a quaternary ammonium salt, thus, producing 

a water-dispersable concentrate (Evans and Hill, 1981). Alternatively 

there is a series of discrete, watersoluble tributyltin compounds: 

the tributyltin alkanesulphonates: Bu3Sn0S02R (Blunden et.

al., 1978; Blunden and Chapman, 1978 and 1982; Shioyama 

et.al., 1976). Tributyltin ethanesulphonate has one of the 

highest solubilities in water (ca. 3% w/v). Preliminary 

investigations into its suitability for timber preservation 

have been carried out by Hill ej:. aJL. , (1983).

11



1.1.2.2. Chemical Composition and Properties

Organotin compounds include those which have at least one 

Sn-C bond. The majority of organotin compounds, including 

those of industrial importance, have only a single tin atom 

in the molecule and this atom carries four tetrahedrally 

arranged substituents. These compounds might formally be 

conceived as being derived from Snlfy and since the 

covalent Sn-C bond resembles the C-C bond much more than 

the Sn-H bond, it appears better to regard organotin compounds 

as derived from R^Sn (R = hydrocarbon group) where one or 

more R groups may be replaced by other substitutents X 

(halogen,-OH,-OR, -SH, -SR, -00CR, -0-SnR3, -NR2, etc.) 

(Bokranz and Plum, 1975). The compounds are divided into 

tetra, tri, di and mono organotin compounds, depending on 

the number of Sn-C bonds, i.e. of substituents R:

R^Sn R3SnX R3SnX3 RSnX3

such a classification has the following practical purposes:

1. Tetraorganotin compounds are used as starting materials 

for the manufacture of tri, di and mono organotin 

compounds.

2. The number of substituents R combined with Sn is vitally 

important for the properties of the compounds.
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For example, the solubility in organic solvents of compounds 

with X = halogen tends to increase, R R4 and the solubility 
in water tends to decrease R -> R4.

In addition, the above division is advantageous for the 

industrial use of organotin compounds. All compounds of 

the R3SnX type, for example, have a high biocidal activity 

while organotin compounds used to stablise PVC belong exclusively 

to the types R2SnX2 and RS11X3 (Bokranz and Plum, 1975).

TnBTO ((Bu3Sn)20) is produced industrially almost exclusively 
by comproportionation of tetraorganotin compounds with tin 

tetrachloride (Bokanz and Plum, 1975) to produce tributyltin 

chloride which is subsequently converted to the oxide.
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1.1.2.3. Industrial Use

Triorganotins have enjoyed widespread usage as biocides in 

textile protection, wood protection, antifouling paints, biocidal 

paints, biocidal plastics, molluscicides, disinfectants, plant 

protection, insecticides and slimicides in the paper industry. 

Additionally, its ultimate breakdown product is inorganic tin 

which has extremely low toxicity (Blunden and Chapman, 1982) 

possibly because, at physiological pH, the metal does not react 

and the oxides are insoluble and so is not generally considered 

to be an environmental pollutant. Notwithstanding this, however, 

organotin compounds in common with other biocides are under 

increasing attack from environmental pressure groups particularly 

their use in anti fouling paints for boats in closed water 

systems.

The degradation of an organotin compound may be defined as 

the progressive removal of the organic groups attached to 

the tin atom (Sijpestein et.al., 1969; Ascher and Nissim,

1964; and Barug, 1981):

R^Sn R3SnX R2SnX2 RSnX3 SnX^.

TnBTO can, therefore, be regarded as an environmentally 

acceptable preservative in the context of timber preservation.

The ’ease of breakdown' factor however, conflicts with the 

increasing demand for more effective/stable organic solvent 

based preservatives to give long term protection. Imsgard 

et.al., (1985) have shown that tributyltin naphthenate 

performs better than TnBTO in field exposures, thus, implying 

a role for the attached anionic group in determining the 

susceptibility of tributyltin compounds to degradation.
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1.1.3. Degradation of tributyltin compounds

1.1.3.1. Sn-C bond stability

Blunden and Chapman (1982) have listed five processes leading 

to Sn-C bond cleavage:

- Ultra-violet irradiation (U.V.)

- Biological cleavage

- Chemical cleavage

- Thermal cleavage

- Gamma irradiation

Gamma irradiation and thermal cleavage are not, however, 

applicable in the case of timber preservation since gamma 

irradiation is negligible at the Earth's surface, whilst 

Zuckerman et.al., (1978) have indicated that the Sn-C bond 

is stable at temperatures up to 200°C.

The U.V. induced decomposition of TnBTO has been studied by 

Chapman and Price (1972) and Klotzer (1977) under a variety of 

conditions of temperature, irradiation intensity and on different 

substrates. Klotzer and Thust (1976) found the relative 

rates of breakdown of tributyltin chloride and TnBTO to be 

similar, while dibutyltin dichloride broke down faster than 

dibutyltin oxide. These studies were, however, not concerned 

with breakdown products or mechanisms. U.V. degradation of 

TnBTO has also been reported by Komora and Popl (1978) and 

Woggon and Jehle (1975).
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1.1.3.2. Metabolic reactions

The most important metabolic reaction of alkyltin detoxification 

in the field of timber preservation is likely to be biological 

oxidation: a metabolic process also of prime importance in the 

biodegradation of lignin in the ligno-cellulose complex (Harvey 

et.al., 1985).

The majority of experiments that have been designed to trace 

the biochemical steps in trialkyltin degradation have utilized 

microsomal preparations from mammalian liver mitochondria 

(Casida et.al., 1971; Fish et.al., 1975; and Kimmel et. 

al., 1977). The metabolic pathway postulated for mammalian 

trialkyltin dealkylation suggests that it is dependent on a 

cytochrome P-450 monooxygenase enzyme system (Fish et.al.,

1976). The mechanism depends on reduced nicotinamide 

adenine dinucleotide phosphate (NADPH) as the essential 

co-factor in the presence of oxygen, and causes the 

hydroxylation of a carbon-hydrogen bond in the alkyl chain. 

Carbon-hydrogen bond reactivity is directed by the carbon-tin 

sigma electrons (Krusic and Kochi, 1971; Kawamura and Kochi,

1972 and Lyons and Symons, 1972) and in the case of tributyltin 

compounds the hydroxy-dibutyltin compound is formed preferentially 

(Fish et.al., 1976), and is unstable and breaks down to 

form much less toxic derivatives.

Barnes et.al., (1973) showed that labelled triphenyltin 

acetate was broken down to inorganic tin and carbon dioxide 

in non-sterile soil. Since the breakdown did not occur in 

sterile soil it was concluded that degradation was due to 

microorganisms.
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Suess and Eben (1973), Barug and Vonk (1980) and Blair (1975) 

have also demonstrated breakdown of tributyl and triphenyl tin 

compounds in soil due to the action of microorganisms. In addition, 

Sheldon (1978) reported the breakdown of labelled TnBTO 

in soil to occur faster under aerobic than anoerobic conditions.

1.1.3.3. Ligno-cellulose degradation by fungi

The literature regarding the fungal degradation of the ligno- 

cellulose complex in wood has concerned itself mainly with 

the diffusable oxygen species derived from White-rot fungi, for 

example, hydroxyl free-radicals (Forney et.al., 1982; Bes 

et.al., 1983; Faison and Kirk, 1983; Kutsuki and Gold,

1983; Gold et.al., 1983 and Kutsuki et.al., 1983), superoxide 

anions (Bes et.al., 1983; Faison and Kirk, 1983) and singlet 

oxygen (Bes et.al., 1983; Gold et.al., 1983; Kutsuki 

et.al., 1983). In addition, following the isolation of a 

lignin-degrading H2O2 dependent oxygenase (Tien and Kirk,
1984; Kuwahara et.al., 1984 and Gold et.al., 1984) attention 

has been focused on the influence of enzyme-bound active 

oxygen species (Shimada et.al., 1984). The enzyme exhibits 

a broad specificity and will catalyse C -C bond cleavage 

in addition to hydoxylation of various organic groups.

Harvey et.al., (1985) have proposed that oxidation of the 

substrate by initial one electron transfer to yield free-radical 

cation intermediates provides a unifying explanation for 

the variety of reactions catalysed by the lignin degrading 

enzyme.
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1.1.3.4. TnBTO degradation by fungi

Wood decaying Basidiomycete fungi are in general very sensitive 

to TnBTO. Bravery et.al., (1975), Henshaw et.al., (1978)

Barug (1981), and Orsler and Holland (1982), however, have 

all demonstrated tolerance and a facility for degradation 

of TnBTO by the Brown-rot fungus Coniophora puteana and the 

White-rot fungus Coriolus versicolor.

Bravery et.al., (1975) used electron microscope studies of 

TnBTO treated beech blocks attacked by versicolor and 

suggested that the preservative was dispersed by extra-cellular 

secretions from the fungus and absorbed into the hyphae.

This process left the cell wall vulnerable to attack by new 

hyphae. Henshaw et.al., (1978) observed C. versicolor to 

be a more efficient detoxifier of TnBTO than other fungi 

using treated wood blocks as a substrate. In addition,

Barug (1981) observed C. versicolor to be a more efficient 

detoxifier of TnBTO in liquid culture than other fungi.

Soft-rot fungi have been shown to exhibit a tolerance to TnBTO 

by Sutter (1980) using Phialophora species and Barug (1981) 

using Chaetomium globosum (and also some bacterial strains).

Carey (1980) and Dudley Brendell and Dickinson (1982) demonstrated 

TnBTO detoxification by the blue-stain organism Aureobasidium 

pullulans. Orsler and Holland (1982) have also demonstrated 

TnBTO degradation in culture filtrates of Sistotrema brinkmannii; 

a Basidiomycete that does not degrade wood cell wall constitutents.
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The fungi cited above are all known to be wood colonizers so 

any tolerance to TnBTO or ability to degrade TnBTO is of 

significance.

The colonisation of out-of-ground-contact timber containing an 

organotin fungicide has recieved attention in recent years:

Carey (1982 and 1983) demonstrated a pattern of colonization 

similar to that of the ground contact situation. The effect 

of TnBTO was to delay progress of the colonization sequence 

and to eliminate Brown and White-rot fungi as the dominant 

flora.

Jermer et. al., (1983b) isolated a wide range of microorganisms 

from samples taken from window frames treated with TnBTO after 

five years in service. Hill et. al., (1984) also isolated a 

variety of organisms from TnBTO treated pine stakes over a 12 

month period including Ĉ _ puteana, C. globosum, and A_j_ pullulans.

1.1.3.5. TnBTO/Wood Substrate Interactions

The breakdown of tributyltin compounds in wood in the 

absence of biological factors is of great significance to 

their preservative performance. TnBTO is a reactive compound 

and readily forms TBTX compounds with acids, where X is the 

anion (Williams, 1973). Wood contains natural phenolic and 

acidic extractive constituents and it is possible that in 

treated wood the anions of these compounds replace the 

oxide radical. In addition, it is possible that reactions 

occur between the preservative solution and the wood substrate 

resulting in a degree of debutylation hence, detoxification of 

the tributyltin compound.
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Williams (1973) demonstrated that measurable quantities of 

dibutyltin derivatives were formed in Scots Pine only six 

months after treatment. Henshaw et. al., (1978) also 

demonstrated in situ degradation of TnBTO in treated Scots 

Pine window joinery both five years and seven and a half 

years after treatment. The earlier investigation showed 

that TnBTO degraded to di- and monobutyltin compounds and 

that the resistance of the wood against decay decreased.

The later investigation of the same windows showed increased 

degradation of TnBTO with only 15-35% of the remaining 

organotin compounds consisting of TnBTO. Jermer et. al., (1983b) 

showed that forced solvent evaporation by kilning Scots Pine 

following double vacuum treatment had a considerable influence 

on losses of tributyltin naphthenate (TBTN) fungicide

In addition, it was shown that TBTN breaks down in freshly 

treated wood. Jermer et. al., (1985) tested the efficacy of 

various procedures for accelerated ageing of organotin based 

wood preservatives in treated Scots Pine. Keeping TnBTO 

treated samples in a heating cabinet at 70°C, for five 

weeks caused considerable breakdown of the preservative.

Of great significance to the performance of the organotin 

preservatives in practice is the observation of breakdown of 

tributyltin compounds in wood in the absence of biological 

factors (Williams, 1973, Henshaw et. al., 1978; Beiter 

and Arsenault, 1981; Edlund et. al., 1982 Jermer et.al.,

1983; Edlund et.al., 1985 and Jermer et.al., 1985).
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Orsler and Holland (1984b) have identified several potential 

free-radical sources in treated timber: preservative formulations 

(impurities/water repellents/cosolvents), wood and wood 

extractives and surface coatings (organic solvent wood preservatives 

migrate into the paint film where U.V. initiated free- 

radicals such as singlet oxygen can be formed).

Henshaw et. al., (1978) concluded that some modification of 

the preservative (and perhaps also of its degradation products) 

takes place in contact with the wood. Hill (1984) also used 

Mossbauer spectroscopy to examine any tributyltin-wood substrate 

interactions and concluded that they may occur. . In addition,

Hill et:. aJ^., (1983) have observed possible changes to the 

structure of the water soluble tributyltin ethanesulphonate 

when impregnated into wood blocks, again using Mossbauer 

spectroscopy. Smith et:. al., (1977) and Ruddick and Ingram 

(1983) have used Mossbauer spectroscopy in an attempt to 

determine the nature of the organotin compounds after their 

introduction into timber; results, however, were inconclusive. 

Richardson (1970) has suggested that the preservative action 

may be due to a chemical blocking by tributyltin groups of 

the vulnerable hydroxyl groups in the terminal 1- and 4- 

positions of the cellulose chains. Smith jet. al., (1977) 

suggested from their work that the tin is present in the 

wood as a polymeric organotin carbonate, and also discussed 

the further possiblity of a hydrogen bonding interaction 

betwen this material and the wood cellulose.
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1 . 1 . 4 . Conclusions

- Organic solvent preservation systems currently in use 

in the United Kingdom generally involve a double 

vacuum impregnation of joinery components using a 

TnBTO solution

- Treatment with TnBTO is necessary due to the increasing 

proportion of non-durable sapwood in joinery components; 

and TnBTO has been shown to have toxic properties 

against a wide range of organisms associated with the 

colonisation and decay of exterior joinery.

- TnBTO is readily available, has low mammalian toxicity 

and conforms to many end-use related requirements

of joinery (e.g. comparability with glues, paints, etc.).

- Evidence exists to illustrate the ability of certain 

organisms both to colonise treated timber and degrade 

the tributyltin compound(s)/wood substrate.

- Evidence suggests that free-radical reactions are 

involved with these degradation processes and also with 

non-biological degradation of tributyltin compounds in 

freshly treated timber (which increases with time).

- Evidence suggests that the anionic group associated with 

tributyltin compounds has an effect in determining their 

susceptibility to degradation.
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2. E X P E R I M E N T A L

The main objective of the work was to examine the mode of

action of organotin biocides in the field of timber preservation with

emphasis on detoxification mechanisms.

Immediate experimental objectives were to evaluate the ability of 

a range of wood colonizing fungi to detoxify TnBTO in liquid growth 

media in addition to investigating the detoxifying role of free- 

radical species and enzymes. Further objectives were set to determine 

the molecular mechanism(s) of detoxification of a range of 

tributyltin compounds under varying conditions with a view to 

controlling the process in the field of commercial organic solvent 

timber preservation.

Since a variety of experimental techniques involving different 

materials and methods were employed in this study the work is 

described in a series of self-contained units within the overall 

framework of the thesis.

2.1. Assay of fungi for TnBTO inactivation in stationary liquid

culture.

The objective was to evaluate the ability of a range of wood 

colonizing fungi to inactivate TnBTO (since this is the most 

commonly used organotin fungicide for timber preservation in 

the U.K.) in order to identify differences between organisms 

and determine the most efficient organism.

The following parameters were investigated:
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Mycelial dry weight - in order to determine the growth phase 

(primary or secondary) of the fungus during the growth period; 

and also to determine the effect of TnBTO relative to controls.

Glucose levels in the growth medium - a glucose assay was 

carried out on control culture filtrates (no TnBTO) in order 

to monitor the depletion of glucose in the growth medium 

and, thus, act as a further indicator of the growth phase of 

the fungus (secondary metabolism is switched on by depletion 

of carbon and nitrogen sources (Leatham and Kirk, 1983)) 

and to illustrate metabolic differences between fungi.

TnBTO inactivation - the ability of a fungus to reduce levels 

of TnBTO in the growth medium was of prime importance in 

selecting fungi for further study in order to determine the 

mechanisms involved.

2.1.1. Materials and methods

2.1.1.1. Preparation and sampling of liquid cultures

a. Test organisms (see Section 2.1.3.1.)

The 4 test organisms used were:

Coriolus versicolor strain 28A PRL (White-rot)

Coniophora puteana strain H E  PRL (Brown-rot)

Phialophora fastigiata strain S6A PRL (Soft-rot) 

Aureobasidium pullulans strain S9E PRL (Blue-stain)

(Cultures originated from the Building Research Establishment 

Princes Risborough Laboratory (PRL), Aylesbury, Bucks, U.K.).
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b Preparation of liquid culture media: (see Section 2.1.3)

Medium for Coriolus versicolor:

The medium was modified from that of Fahareus and Reinhammer 

(1967) and was made up in 0.001 M 2.2 dimethyl succinic acid 

buffer; pH being adjusted to 4.5 using 20% KOH.

Compound per litre buffer

Glucose 20 g
Ammonium tartrate 0.2 g

Thiamine 100 g

KH2PO4 1 8
Mg2HP04,12H20 0.2 g
Trace Element solution 10 ml

The trace element solution was made up as follows:

Compound per 100 ml of buffer

CaCl2 2H20 0.01 g

FeS04 7H20 0.01 g

MnS04 4H20 0.001 g

ZnS04 7H20 0.001 g

CaS04 5H20 0.002 g

Each compound being made up separately as 100 ml solution, 

then all solutions were mixed and made up to 1 litre with 
distilled water.
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Medium for Coniophora puteana, Phialophora fastigiata and

Aureobasidium pullulans:

The medium was modified from that of King (1966) and was made 

up in 0.001 M. dimethyl succinic acid, pH being adjusted to

4.5 using 20% K0H.

Compound per litre buffer

Glucose 20 g

Ammonium tartrate 0.2 g

Thiamine 1.0 mg

KH2P04 1.5 g

MgS04 7H20 0.5 g

CaCl2 0.1 g

H3 BO3 570 ug

FeCl3 6H20 242 ug

CaCl2 6H20 40 ug

CaS04 5H20 60 ug

MnCl2 4H20 30 ug

(NH4)^ M07 022 4H20 20 ug

ZnS04 7H20 310 ug

c. Addition of medium to medical flats

50 ml of appropriate growth medium was added to 300 ml medical 

flats which were then autoclaved at 121 °C for 15 minutes.
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d. Addition of TnBTO

TnBTO was added to the appropriate medical flats to give 

final concentrations of 5.0 ppm and 2.5 ppm TnBTO.

Addition was carried out under aseptic conditions and 

the TnBTO was added, dissolved in acetone (10% ’Tween’

80 a surfactant ), to aid solubility the final acetone 

concentration in the growth medium being 0.4%.

e. Inoculation

Inoculation of medical flats with the test organisms,

(following addition of TnBTO) was performed under aseptic 

conditions. Eight, 1 cm agar discs covered in 2 week old 

mycelium were added per medical flat.

f. Incubation

The medical flats were then incubated in a horizontal position, 

with their tops partially unscrewed, in a constant temperature 

room at 22°C.

g. Sample times

Samples were taken at 2, 10 and 30 days after inoculation.
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h. Mycelial dry weight measurement

Individual cultures were filtered using Whatman No. 1 filter 

papers which had been previously weighed. The filtrates 

were stored at -20° C, prior to a TnBTO inactivation bioassay 

and a residual glucose assay. The filter papers plus 

residue were dried at 60°C for 12 hours, then reweighed 

and dry weights for each culture calculated. A correction 

factor for dry weight of the agar discs was used in the 

calculation.

i. Glucose Assay

An assay for residual glucose was carried out on control 

culture filtrates (without TnBTO). A spectrophotometric 

method was utilised which was developed within the Plant 

Technology Section of the Department of Pure and Applied 

Biology, Imperial College, London (Palmer, 1984).

The following reagents were used:

Glucose oxidase grade 1 lyophilised : 200 units of 

activity/mg (G.O.D.)

Peroxidase grade 11 lyophilised : 100 units of

activity/mg (P.O.D.)

4 - Aminophenazone (4 - APA)

Phenol

Phosphate buffer 0.1.M., pH 7.0 

in the following volumes:
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3.9 ml 4 APA 33 mg/lOOml buffer

3.9 ml Phenol 100 mg/lOOml buffer

1.0 ml Phosphate buffer

20 ul G.O.D.

20 ul P.O.D. 5 mg/ml 500 u/ml in H2O 
2.5 mg/ml 500 u/ml in H2O

20 ul sample to be analysed* (from 3 combined control 

culture filtrates (i.e. no TnBTO) per organism).

*Samples were boiled for 5 minutes before analysis to inactivate 

any interfering enzymes.

A blank was then set up as follows, in order to calibrate 

the spectrophotometer.

Blank - replace 10 ul sample with 10 ul growth medium

Calibration - replace 10 ul sample with 5, 10, 15, 20 ul of 

1% glucose.

After mixing the reagents the following procedure was carried

i) Mix thoroughly using a vortex mixer for ten seconds,

ii) Incubate in water bath at 37°C for 15 minutes,

iii) Repeat i) and ii).

iv) Read absorbance against blanks at 505 nm in the 

spectrophotometer.

minus glucose

out:
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2.1.1.2. TnBTO inactivation bioassay

The method was developed from the Bacillus subtilis spore 

germination bioassay of Sutter (1980) which gives a measurement 

of toxicity of a toxin sample to Bacillus spores. The sample 

is placed in a well, cut in an agar surface which has been 

seeded with spores which is then incubated to reveal clearing 

zones in the agar which are proportional to toxin concentration. 

Aseptic technique was used throughout. Vegetative cells of 

Bacillus subtilis var. niger were obtained from the Bacteriology 

Group in the Department of Pure and Applied Biology, Imperial 

College, London.

a. Preparation of B.subtilis var. niger spore suspension

Vegetative bacterial cells were inoculated onto dextrose 

tryptone agar slopes in test-tubes, at 37°C.

Dextrose Tryptone Agar:

per litre distilled water

D-glucose 5.0 g
Tryptone 10.0 g
Agar 3 12.0 g

7 hours after inoculation cells were washed off the slopes 

using 1 ml sterile distilled water per tube. This cell 

suspension was used to inoculate the medical flat sporulation 

medium in the medical flats.
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The sporulation medium was made up as follows

per litre distilled water

Nutrient Agar 3.125 g

MnS04 4H2O 0.03 g

k 2h p o4 0.25 g

Agar 3 12.00 g

The cultures for sporulation were incubated at 37° C for 

7 days, with their tops partially unscrewed. 20 ml of 

sterile distilled water was then added to each sporulating 

culture in order to remove the spores.

The spore suspensions were centrifuged at 4000 rpm for 10 

minutes and the supernatant discarded. The pelleted 

material was washed and centrifuged 3 times with sterile 

distilled water and finally re-diluted in an appropriate 

volume of sterile distilled water to give a final concentration 

of 20 x 107 spores ml-*, measured using a haemocytometer.

This suspension was stored at 4° C for up to six weeks.

b. Preparation of agar plates

Spore suspension was added to nutrient agar at 70° C. to 

give a concentration of 0.5 ml spore suspension per 100 

ml sterile nutrient agar. 20 ml aliquots of this mixture 

were pipetted into 85 mm petri dishes.

Whilst setting, the petri-dish tops were left slightly 

raised to allow condensation to escape; dishes were then 

stored at 4°C.

31



3 methods were tested in order to achieve optimal TnBTO 

diffusion and hence optimal clearing zones of bacterial 

spore germination; since a larger clearing zone 

enables more accurate measurement of TnBTO inactivation.

Trial methods of TnBTO addition:

i) Adding 0.1 ml TnBTO sample to 1 cm diameter wells, 

cut in the agar.

ii) Adding 0.1 ml TnBTO sample to a 1 cm antibiotic 

assay disc on the agar surface.

iii) Adding 0.1 ml TnBTO sample to 1 cm glass fibre

filter paper discs which were then placed on the 

agar surface.

TnBTO sample pre-diffusion times of 16 and 48 hours (at 

4°C) were also compared using the antibiotic assay 

disc method.

c. TnBTO diffusion trials:
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d. Final bioassay method

Six, 1 cm wells were cut in each plate and 0.1 ml of 

culture filtrate was pipetted into the appropriate well. 

There were three replicates from each culture.

The plates were then left at 4°C for 48 hours to allow 

diffusion of TnBTO into the agar. The plates were then 

incubated at 30°C for 24 hours to induce bacterial spore 

germination.

Where clearing zones developed, due to presence of TnBTO 

they were measured across two perpendicular diameters and 

a mean value calculated.

A calibration of clearing zone diameter with TnBTO 

concentration was carried out using the same method.
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2.1.2. Results

a. Dry weight

Following the technique described in Section 2.1.1.1. h. 

results summarised in Table 1, Figs. 1, 2, 3, 4 and 5 were 

obtained.

Control samples (without TnBTO) showed the following 

trend in dry weights:

A. pullulans P” versicolor >■ Pĵ  fastigiata puteana

C. versicolor and P̂ _ fastigiata did not differ significantly 

but were significantly less than pullulans and significantly 

greater than puteana at p = 0.05.

Considering the dry weight response of individual organisms in 

the presence of 2.5 and 5.0 ppm TnBTO:

C. versicolor controls showed significantly greater mean dry 

weights on all sample days except day 2. Mean dry weights were 

greater at 2.5 ppm TnBTO but this was not significant at p = 

0.05. (Fig. 2).

C. puteana controls showed greatest mean dry weights but were 

only significantly greater than the 2.5 ppm values at day 2. 

Control values were significantly greater than 5.0 ppm values 

on all sample days (Fig. 3).

A. pullulans controls showed significantly greater mean dry 

weights on all sample days except day 2. Mean dry weights at 

2.5 and 5.0 ppm TnBTO did not differ significantly (Fig. 4).
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P . fastigiata controls showed significantly greater mean dry

weights on all sample days except day 2. 
at 2.5. and 5.0 ppm TnBTO did not differ 

(Fig. 5).

Mean dry weights 

significantly
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Organism
Initial
(TnBTO)
(ppm)

Dry weight (mg) ± S.E.
Day 2 Day 10 Day 30

C. versicolor 5.0 16.00 ± 4.76 18.40 ± 2.55 21.43 ± 2.09
2.5 19.60 ± 1.45 30.57 ± 4.09 45.63 ±- 6.94
0 33.25 ± 1.75 143.00 ± 6.97 199.50 ± 11.50

C. puteana 5.0 5.14 ± 0.30 6.88 ± 1.58 22.21 ± 4.07
2.5 10.45 + 0.43 17.75 ± 2.90 64.13 + 3.99
0 13.65 ± 1.35 62.30 ± 4.65 66.55 ±  3.15

A. pullulans 5.0 12.63 ± 3.13 19.15 ± 4.64 99.70 + 6.21
2.5 20.80 ± 2.36 19.70 1 2.89 106.73 ± 1.56
0 21.75 ± 3.85 358.00 ± 11.60 424.10 ± 0.00*

P. fastigiata 5.0 21.03 + 0.12 53.57 ± 5.18 98.73 ± 11.17
2.5 26.35 ± 4.25 57.57 t 4.15 96.10 ± 5.10
0 27.00 ± 0.00 125.00 + 8.00 190.75 ± 14.09

* only one replicate for this sample

Table 1. Table of mean dry weights (plus standard errors)
from 3 replicate medical flats per TnBTO concentration 
per sample day, (2 replicates per TnBTO concentration 
per sample day for controls without TnBTO).
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b. Inactivation bioassay

Following the technique described in Section 2.1.1.2.c. the 

results are summarised in Table 2, Fig. 6. in respect of the 
selection of the optimum method of introducing the TnBTO into 

the agar seeded with bacterial spores together with length of 

diffusion time required to produce the largest clearing zones.

A pre-diffusion time of 48 hours in wells cut in the agar, 

resulted in largest clearing zones.

Following the technique described in Section 2.1.1.2.d. the TnBTO 

clearing zone calibration curve data is summarised in Tables 3a 

and 3b and Fig. 7a and b. The fungal culture filtrate clearing 

zone data is summarised in Table 4 and the % inactivation of 

TnBTO by the fungi is summarised in Table 5 and Fig. 8 and 9.

In the case of the 2.5 ppm TnBTO cultures, C. versicolor 

showed the most rapid inactivation, followed by puteana,

A. pullulans and P. fastigiata cultures, which were equally the 

least efficient inactivators (Table 4, Figure 8).

In the case of the 5.0 ppm TnBTO cultures, C. versicolor 

showed the most rapid inactivation. puteana and A^ pullulans

showed intermediate levels and P^ fastigiata cultures showed 

the least efficient inactivation (Table 5, Fig. 9).
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[TnBTO] 
(ppm)

Clearing zone diameter (mm) ± S.E.
Wells Glass Fibre 

Discs
Antibiotic 
Assay Discs

16 hr pre-diffussion 
Antibiotic 
Assay Discs

6.0 21.52 ± 0.12 19.03 ± 0.18 18.17 ± 0.09 17.93 ± 0.14
4.5. 19.73 ± 0.10 18.13 ± 0.30 17.58 ± 0.18 16.55 ± 0.09
3.0 18.01 ± 0.07 17.27 + 0.08 16.49 ± 0.05 14.87 ± 0.09
1.5 16.93 ± 0.11 16.53 ± 0.31 14.58 ± 0.10 13.41 ± 0.02
0.5 14.24 ± 0.22 14.08 ± 0.05 13.78 ± 0.02 12.90 ± 0.04

Table 2. Table of results, from subtills spore germination 
bioassay trials, comparing methods and pre-diffusion 
times. In all cases except where stated, pre-diffusion 
was for 48 hours at 4°C. This was followed by 24 hours 
incubation at 30°C. Means of 8 replicates for each 
method per TnBTO concentration (plus standard errors).
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[TnBTO]
(ppm)

Clearing Zone Diameter 
(mm) ± S.E.

Correlation coefficient r

6.0 23.44 ± 0.36
r = 0.986

4.5 20.50 ± 0.14 d.f. = 4
p 0.001

3.0 18.56 ±  0.23
1.5 17.09 ±  0.03
0.5 13.97 ± 0.12

Table 3a. Table of mean clearing zone diameters (plus standard
errors) from the subtilis spore germination bioassay 
calibration for 2 and 10 day inactivation samples.
(3 replicates per TnBTO concentration).
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[TnBTO]
(ppm)

Clearing Zone Diameter 
(mm) ± S.E.

Correlation coefficient r

6.0 24.18 ±  0.11
r = 0.922

4.5 22.22 ±  0.04 d.f. = 4
p 0.01

3.0 21.38 + 0.06
1.5 18.15 + 0.10
0.5 12.24 + 0.02

Table 3b, Table of mean clearing zone diameters (plus standard
errors) from the subtilis spore germination bioassay 
calibration for the 30 day inactivation samples 
(3 replicates per TnBTO concentration).
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Fig. 7a.

<uaoN

Fig. 7a & 7b. Graphs of mean clearing 
zone diameter from the 
15. subtilis spore germination 
bioassay for calibration of 
2 , 1 0  (7a) and 30 (7b) day 
inactivation samples. (Plus 
95% confidence limits) .
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Organism
Initial
[TnBTO]
(ppm)

Clearing zone diameter (mm) ± S.E.
Day 2 Day 10 Day 30

C .versicolor 5.0 18.79 ± 0.39 13.95 ± 0.15 0
2.5 16.13 ± 0.58 0 0
0 0 0 0

C. puteana 5.0 19.29 ± 0.60 17.39 ± 0.17 13.96 ± 0.11
2.5 17.34 ± 0.53 15.42 ± 0.24 0
0 0 0 0

A. pullulans 5.0 19.42 ± 0.32 18.01 ± 0.23 13.98 ± 0.44
2.5 17.81 ± 0.14 16.86 ± 0.36 0
0 0 0 0

P. fastigiata 5.0 19.37 ± 0.69 19.66 ± 0.14 15.73 ± 0.09
2.5 17.44 ± 0.13 17.44 ± 0.11 13.85 ±- 0.12
0 0 0 19.51 ± 0.10

Controls 5.0 2.23 ± 0.11 22.02 ± 0.12 20.41 ± 0.70
2.5 19.95 ± 0.12 19.75 ± 0.11 17.20 ± 0.27

Table 4. Table of mean clearing zone diameter (plus standard
errors) from the subtilis spore germination bioassay 
from 3 replicate medical flats per TnBTO concentration 
(from the liquid culture TnBTO inactivation experiment).
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Organism
Initial
[TnBTO]
(ppm)

% Inactivation
Day 2 Day 10 Day 30

C. versicolor 5.0 38 90 100
2.5 58 100 100

C. puteana 5.0 31 49 97
2.5 12 60 100

A. pullulans 5.0 27 47 97
2.5 0 22 94

P. fastigiata 5.0 30 28 79
2.5 8 8 99

Table 5. Table of % Inactivation (estimated from calibration
curves : Figs. 7a and 7b) for each organism and TnBTO 
concentration.
No organism controls showed zero inactivation.
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c. Residual glucose

Following the technique described in Section 2.1.1.1.i. 

the results are summarised in Table 6 a and Fig. 10a 

in respect of calibration of the glucose assay. Tables 6 b 

and 6 c and Fig 10b summarise the fungal culture filtrate 

glucose assay data.

Extra-cellular glucose levels fell throughout the 30 day 

growth period. This reduction was greatest in the case 

of pullulans and least in the case of puteana.

C. versicolor and P^ fastigiata are similar up to day 3; 

levels are lower in the case of P.fastigiata at day 1 0  but 

similar for both organisms at day 30.
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ul of 1% Glucose 
in assay cuvette

Absorbance 
(O.D. units)

Correlation
coefficient

r

5 0.230

1 0 0.435 r = 0.998COii•mh•

15 0.599 p 0 . 0 0 1

2 0 0.857

Table 6 a. Table of spectrophotometric absorbances 

from the glucose assay calibration 

experiment.
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ul of 1 % glucose per assay cuvette

Fig. 10a. Glucose assay calibration for

spectrophotometric assay method.
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Organism Absorbance (O.D. units) ± S.E.
Day 1 Day 10 Day 30

C. versicolor 0.621 ± 0 . 0 1 0 0.657 ±  0.032 0.335 ± 0.023
C. puteana 0.655 +0.029 0.677 ±  0.001 0.518 ±0.001
A. pullulans 0.134 ± 0.002 0.302 ± 0.011 0.091 ± 0.005
P. fastlgiata 0.619 ± 0.025 0.464 ± 0.026 0.341 ± 0.006

Table 6 b. Table of mean absorbances (plus standard errors) 
for control samples (without TnBTO),
2 replicates per organism per sample day.
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Organism % Glucose remaining
Day 1 Day 10 Day 30

C. versicolor 73.3 77.5 38.5
C. puteana 77.0 80.0 61.0
A. pullulans 15.5 35.5 1.3
P. fastigiata 73.0 54.5 40.0

Table 6 c. Table of residual glucose (estimated from 
calibration curve : Fig. 10a.) for each 
organism and sample day.

- 52 -



100 -

0 8 16 2 0  

Time (days)
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2.1.3 Discussion

2.1.3.1. Discussion of methods

The 4 organisms used have all been linked with either tolerance 

of TnBTO or the ability to detoxify TnBTO. Henshaw et. al.,

(1978) showed Coriolus versicolor to perform a more complete 

detoxification (in terms of di- and mono-butyltin derivatives) 

in treated pine blocks, than Coniophora puteana (which did, 

however, show the ability to detoxify TnBTO). In addition,

Orsler and Holland (1972) showed Ĉ. versicolor culture filtrates 

to perform a more complete detoxification than C_. puteana culture 

filtrates. Bravery et. al., (1975) in electron microscope 

studies of TnBTO treated beech blocks attacked by C_. versicolor 

suggested that the preservative was dispersed by extracellular 

secretions from the fungus. Phialophora fastigiata and Aureobasidium 

pullulans have both been shown to demonstrate a tolerance for 

TnBTO by Sutter (1980) and for Dudley-Brendell and Dickinson (1982) 

respectively.

The present study, therefore, served as an opportunity to confirm 

observations by previous workers and a useful comparison of 

all four organisms under similar experimental conditions.

Growth media for the different organisms were modified

(see methods Section 2.1.1.1.b) in order to standardise carbon

and nitrogen concentrations and also the buffering agent.
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Clearly, growth conditions should be as similar as possible 

when comparing the parameters measured in this study and this 

is the reason for carbon, nitrogen and buffering agent 

standardisation. It was felt, however, that growth media 

for different fungi should be based on published media for the 

different fungi concerned in order to ensure good primary 

growth conditions by recognising the differing requirements of 

fungi having different metabolisms. Ĉ. versicolor was, therefore, 

grown on a different medium to the other three fungi used 

(see methods Section 2.1.1.1.b).

A. pullulans and ]?. fastigiata were grown on the same medium as 

that published for Ĉ. puteana. This decision was taken due to 

the absence of suitable alternative liquid media for these organisms 

It must be remembered, however, that due to carbon, nitrogen 

and buffer standardisation, all growth media were very similar.

The sample times of 3, 10 and 30 days were designed to 

include primary metabolism, the transition from primary to 

secondary, and secondary fungal metabolism; this was found 

to be the case. It was necessary to measure the given parameters 

at these times since the metabolism of a fungus is likely to 

differ over the period, thus giving further information about 

the most efficient period of TnBTO inactivation to be used 

as a starting point for mechanistic studies.
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The TnBTO concentrations were designed to be approximately 

intermediate between the minimum inhibitory concentrations 

and the toxic limits of the organisms tested and were arrived 

at following preliminary trials. The minimum inhibitory 

concentration is defined as the minium concentration of TnBTO 

that will cause a reduction in growth relative to controls.

The toxic limit is defined as the highest concentration of 

TnBTO at which the organism can survive. The final 

concentrations used in this study were, therefore, thought 

to be appropriate levels at which to study the metabolic 

responses of the organisms to TnBTO.

Stationary liquid culture was considered to provide the 

optimum conditions in which to study a possible inactivation 

of TnBTO via extracellular agents; due to the ease of toxin 

addition and extraction to/from a liquid, the ease with which 

extracellular agents can be measured, and also the ease by 

which fungal dry weights could be measured by simply filtering 

and drying mycelia.

Barug (1981) has postulated that TnBTO exists as the hydroxide 

in aqueous liquid culture. Guard et. al., (1982), however, have 

proposed that in seawater tributyltin compounds exist in an 

equilibrium between the hydrated tributyltin cation, tributyltin 

chloride, bis(tributyltin) carbonate and tributyltin hydroxide; 

so the presence of dissolved salts may give rise to further 

compounds. Blunden and Chapman (1986) have concluded that under 

normal environmental pH conditions, tin compounds, RnSnX^_n 

(n = 0-3), will exist in aqueous solution as simple neutral 

hydroxides.
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The bioassy trials led to a relatively rapid, quantitative 

method by which inactivation could be measured. Clearly, 

any apparent drop in toxicity to bacterial spore germination 

in the bioassay must be referred to as inactivation since 

a decreased clearing zone simply tells us that there is less 

TnBTO in the sample. It may, indeed, have been detoxified 

but on the other hand may be simply withdrawn from the medium 

in some way. Orsler and Holland (1984a) have demonstrated the 

very low rate at which TnBTO diffuses through agar; and have 

used the fact to suggest the unsuitability of a similar bioassay 

method to the one used in the present study as a method of 

quantifying residual TnBTO levels in wood blocks placed on the 

agar.

One of their conclusions is that inhibition zones are due to 

TnBTO vapour and hence are proportional to the amount of TnBTO 

available for evaporation.

This, clearly, is restricted in a treated wood block but is 

not a problem if a well system is used to house the TnBTO 

sample as is the case in the bioassay method used here.

It is questionable, however, whether such sharply defined and 

regular clearing zones would be obtained if spore germination 

inhibition was due only to TnBTO vapour. Diffusion of the 

TnBTO sample through the agar seems probable.
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2.1.3.2. Discussion of results

Dry weight data (Table 1, Fig 1, 2, 3, 4 and 5) is not 

necessarily an accurate estimation of mycelial growth and any 

increases in dry weight after the onset of secondary metabolism 

at approximately day 1 0  in this study (due to nitrogen depletion :

Leatham and Kirk (1983)) may be due, in part, to polysaccharide 

production (Leisola et. al., 1982; Blumenthal, 1976) and this 

can often occur in stationary liquid cultures as an ’extraceullar 

mucilage1. The extracelluar glucose assay (Tables 6a, b and c,

Figs 10a and b) shows evidence to support this view, since, 

the organism having the greatest dry weights under the experimental 

conditions: A. pullulans, also shows the most rapid extracellular

glucose depletion. Conversely, the organism having the lowest 

dry weights under the experimental conditions: C. puteana,

shows the least rapid extracellular glucose depletion.

Figs. 2, 3, 4 and 5 clearly illustrate the inhibitory effect of 

TnBTO in the growth medium, on dry weight of all four organisms.

In all cases the reduction was greater at 5.0 ppm but this 

was rarely significant at p=0.05. The pattern of inhibition 

was similar in the case of Ĉ _ versicolor, A. pullulans and 

P. fastigiata (Figs. 2, 4 and 5). In the case of C. puteana, 

however, the presence of TnBTO at 2.5 ppm resulted in a significant 

dry weight inhibition at 10 days but by 30 days the dry weight 

was not significantly different to that of the control. Dry 

weight inhibition at 5.0 ppm remained significant. There are 

two major differences, therefore, in terms of dry weight in the 

way in which C. puteana behaved under the experimental conditions.
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Firstly, dry weights at 2.5 and 5.0 ppm TnBTO were significantly 

different at day 30 and the 2.5 ppm sample dry weights were not 

significantly different from the controls. Secondly, control 

dry weights were very low compared to the other organisms.

These facts suggest that puteana may not be able to grow as 

well as the other organisms under the experimental conditions 

or this apparent reduction may be due to lack of extracellular 

polysaccharide production. The ability of the 2.5 ppm samples 

to equal control dry weights at 30 days suggests an ability to 

grow normally at this level of TnBTO under the experimental 

conditions. At day 10, however, the TnBTO at 2.5 ppm was causing 

a significant reduction in dry weight. This dry weight data must, 

therefore, be considered further, in the light of the inactivation 

data.

The bioassy trials showed wells to be the most efficient 

diffusion method (Table 2, Fig. 6 ). This is possibly due to 

adsorption of TnBTO onto the filter paper discs or may be simply 

an effect due to the surface area of agar available for the toxin 

to diffuse into.

All the fungi showed an ability to inactivate TnBTO (Table 5,

Figs. 8 and 9). Inactivation was extensive for all cultures 

after 30 days. In the case of the 2.5 ppm TnBTO cultures (Fig. 8 ),

C. versicolor showed much more rapid inactivation than the 

other organisms. The same was true at 5.0 ppm TnBTO (Fig. 9).

- 59 -



It is interesting to note, therefore, that even though percentage 

inactivation was measured to be 1 0 0 % at day 1 0  for versicolor 

in 2.5 ppm TnBTO cultures, their dry weights did not rise to 

those of the controls over the following 2 0 days (inactivation 

could, clearly, involve either detoxification or adsorption/ 

absorption of the butyltin compound onto the mycelium).

This result implied that there is a clear difference between 

’ability to inactivate’ and ’ability to increase in dry weight 

in the presence of TnBTO’. This is further illustrated by 

A. pullulans and fastigiata which have the highest dry weights 

in the presence of both tributyltin concentrations (Table 1,

Figs. 4 and 5) but showed the lowest level percentage inactivation 

(Table 5, Figs. 8 and 9). C. puteana gave intermediate percentage 

inactivation data at 2.5 ppm TnBTO (day 10) but was otherwise 

very similar to Â _ pullulans and fastigiata. The result at 

2.5 ppm TnBTO when viewed in the light of the puteana dry 

weight data (Fig. 3) shows what might have been expected of C. 

versicolor i.e. a high inactivation at day 1 0 , followed by 

increase in dry weight up to control levels at day 30. This, 

clearly, did not occur in the case of versicolor and, hence, 

indicates a difference between the metabolisms of the 

White-rot and Brown-rot under the experimental conditions.

One of the main results of this study has been the high efficiency 

of TnBTO inactivation by the White-rot, versicolor, coupled 

with an illustration of the difference between ’ability to 

inactivate’ and 'ability to increase in dry weight in the 

presence of partially inactivated TnBTO' thus indicating differences 

in metabolism of the fungi examined.
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2.2 Assay of fungi for extra-cellular free-radical/peroxidase

production in stationary liquid culture

The objective was to evaluate the ability of a range of wood 

colonizing fungi to produce free-radicals/peroxidase in a 

liquid culture medium. This objective was set following the 

postulation of Orsler and Holland (1984b) that free-radicals 

act in the degradation of tributyltin compounds. In addition, 

the methodology was developed from recent work (Kutsuki and 

Gold, 1983 and Fourney et. al., 1982) concerned with identifying 

chemical agents responsible for the biodegradation of the 

ligno-cellulose complex, using the White-rot fungus, Phanerochaete 

chrysosporium. There was, clearly, the need for further investigation 

in this area using other wood colonizing organisms - especially 

ligno-cellulose degraders (White-rot fungi) - with a view to 

considering possible common degradation mechanisms that 

micro-organisms may use. Section 2.1. established that a White-rot 

(C. versicolor), a Brown-rot (Ĉ . puteana), a Soft-rot (P. fastigiata) 

and a Blue-stain (A. pullulans) all had the ability to inactivate 

5.0 and 2.5 ppm TnBTO in stationary liquid culture. It was, 

therefore, decided to assay cultures of these organisms (under 

the same growth conditions as in Section 2.1) for free-radical/ 

peroxidase and, thus, compare the organisms in the light of 

data from Section 2.1. This was carried out with a view to 

determining whether the TnBTO inactivation measured in Section 2.1 

may have been due to detoxification by free-radicals/peroxidase.

In addition, it was necessary to measure dry weight of the 

cultures in order to obtain a growth curve and, hence, determine 

whether any free-radical/peroxidase production was associated
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with primary ro secondary metabolism. It was also decided

to measure veratryl alcohol production in the cultures; following 

the observation that lignolytic cultures of chrysosporium 

produced this chemical (Harvey, 1984) and that it may be involved 

in a reaction chain resulting in the biodegradation of the 

ligno-cellulose complex, initiated by an enzyme produced by 

_P. chrysosporium.

2.2.1. Materials and methods

a. Test organisms: (see Section 2.2.3.1.)

The 6 test organisms used were:

*Phanerochaete chrysosporium ATCC 24725 (White-rot)

Coriolus versicolor 28A PRL (White-rot)

Coniophora puteana 11E PRL (Brown-rot)

Gleophyllum trabeum 108E PRL (Soft-rot)

Phialophora fastigiata S6A PRL (Soft-rot)

Aureobasidium pullulans S9E PRL (Blue-stain)

^Obtained from the Plant Biochemistry group of the Department 

of Pure and Applied Biology, Imperial College, London.

b. Preparation of liquid culture media: (See Section 2.2.3.1.)

The medium for Phanerochaete chrysosporium was based on the 

formula described in Kirk et.al., (1978):
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Compound per litre buffer

Glucose

Ammonium tartrate

Thiamine

KH2 PO4

MgS04 7H20

CaCl2

2 0 g 

0 . 2  g

1  mg

2 . 0  g

0.5 g

0 . 1  g

buffer: 0.001 M. 2.2. dimethyl succinic acid.

Plus, 10 ml of the following mineral solution per litre of 

medium:

Compound per litre bu

Nitrilotriacetate 1.5 g
Mg S04 3.0 g
Mn SO4 0.5 g
Na Cl 1.0 g
FeS0 4 7H20 0.1 g
Ca SO4 0.1 g
Zn SO4 0.1 g

**Ca Cl2 0.082 g
Cu SO4 5H20 0 . 0 1 g
A1 K (S04 ) 2 0 . 0 1 g
h 3 b o 3 0 . 0 1 g
Na Mo O4 0 . 0 1 g

pH was adjusted to 4.5 with 20% KOH.

**Ca Cl2 was omitted due to the formation of the insoluble 

sulphate in the trace element solution.

Ca Cl2 is present in the main medium.
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The medium for Coriolus versicolor was based upon that

described in Section 2.1.1.1.b. The only difference being the 

buffer which, in this case was: 0.1 M. Citric acid/sodium 

citrate buffer solution (pH 4.5) (See Section 2.2.3.1.).

The medium for Coniophora puteana, Phialophora fastigiata and 

Aureobasidium pullulans was the same as described in Section 

2.1.1.1.b. The only difference being the buffer which, in 

this case was 0.1 M. Citric acid/sodium citrate buffer solution 

(pH 4.5) (See Section 2.2.3.1.), except in the case of C. puteana 

which was grown in exactly the same way as King (1966), 

i.e. initial pH adjusted to 5.0 using 4N~NaOH.

Medium for Gleophyllum trabeum:

The medium was modified from that of Jennison et.al., (1955) 

and was made up in Citric acid/NaCl buffer pH 4.2 as follows:

12.5 g. Citric acid monohydrate 

390 ml 0.1 ml/1 HC1 

120 ml 1.0 ml/1 NaOH

made up to 1 0 0 0  ml with distilled water
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Compound per litre buffer

Glucose 2 0 . 0 8

Ammonium tartrate 0 . 2 8

k h 2 p o 4 1.5 8

MgS04 7H20 0.5 8

Thiamine HC1 1.0 mg

Trace element concentrate 0.1 ml

Trace element concentrate: 

Compound

h 3 bo 3

CuS04 5H20 

FeS04 7H20 

MnS04 4H20 

Me 03

ZnS04 7H20

per litre distilled water 

0 . 0 1  mg 

0 . 0 1  mg 

0.05 mg 

0 . 0 1  mg 

0 . 0 1  mg 

0.07 mg

Addition of medium to medical flats

This involved the addition of liquid growth medium into 300 ml 

medical flats as described in Section 2.1.1.1.c.

The only difference being the addition of only 45 ml of 

medium in the case of chrysosporium (instead of 50 ml) 

due to the use of fungal spores as an innoculum added in a 

5ml suspension.



d. Inoculation

Sproes of Phanerochaete chrysosporium (see Section 2.2.3.1.) 

were used to inolculate the medical flats used to grow 

P. chrysosporium , the spores were produced as follows:

Phanerochaete mycelia were inoculated onto a 2% malt agar 

slope in a medical flat which was incubated upside down at 

30°C for 1 week.

Method of inoculation:

Spores were washed off using 15 ml distilled water with 

vigorous shaking. Aseptic technique was used throughout.

The spore suspension was then filtered through 3 layers of muslin 

and a spore count made using a haemocytometer. An 

appropriate dilution was made in order to produce an inoculation 

spore concentration of 2.5 x 10^ spores ml"!, 5 ml of which 

was added per medical flat.

Inoculation of Coriolus versicolor, Coniophora puteana, 

Gleophyllum trabeum, Phialophora fastigiata and Aureobasidium 

pullulans was carried out by placing agar discs covered in 

mycelia into the liquid growth medium in the medical flats as 

described in Section 2.1.1.1.e.

The only difference being the use of 4 instead of 8 inoculation 

discs per medical flat.
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e. Incubation

Incubation of ]?. chrysosporium was carried out by 

placing the medical flats (containing spores and growth medium) 

on their sides with their tops partially unscrewed as described 

for other fungal liquid cultures in Section 2.1.1. The only 

difference being that P̂. chrysosporium was incubated at 40° C 

instead of 22° C (see Section 2.2.3.1.).

Incubation of C. versicolor, (3. puteana, G. trabeum,

_P. fastigiata and A. pullulans was carried out, again, by 

placing the medical flats on their sides with their tops partially 

unscrewed (as described in Section 2.1.1.1.f.) at 22° C.

f. Sample times

Samples were taken at 3, 7, 10, 13, 17, 20, 24 and 28 days 

after innoculation.

g. Ethylene assay

At the given sample times the screw tops on the medical flats 

in which the cultures were growing were replaced by airtight 

rubber suba-seals (previously boiled to prevent spontaneous 

evolution of ethylene) c<-keto - methiolbutyric acid (KTBA) 

at 4mM final concentration was then injected into the liquid 

culture.

67



Control samples having no KTBA and samples having KTBA 

plus the free radical quencher, thiourea at 1 0  mM final 

concentration were prepared as follows:

i) liquid culture + H2 O + KTBA (added last)

ii) liquid culture + H2 O + H2 O (added last)

iii) liquid culture + thiourea + KTBA (added last)

Samples were then incubated at 30° C for 1 hour.

The concentration of ethylene produced from the reaction of 

KTBA in the extra-cellular medium was monitored directly 

using a Pye Unicam 104 gas chromotagraph. 1 ml samples 

from the enclosed gas spaces above the cultures (culture 

headspace) were injected into the chromotograph, equipped with 

a 1 litre column of Poropak N (50-80 mesh) and a flame ionisation 

detector. Operating conditions were: column 45°C, detector 

45°C, nitrogen (carrier gas) flow 1 ml second-1 and hydrogen 

flow rate 1 ml second-^.

The chromatograph was linked to a chart recorder and ethylene 

concentration was measured by comparing peak sizes with 

those produced by a known standard concentration.

h. Mycelial dry weight measurement

This was carried out by filtering off the mycelia and drying at 

60° C as described in Section 2.1.1.h.
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i. Veratryl alcohol assay by Thin Layer Chromatography (T.L.C.)

Sample preparation:

In order to prepare samples, culture filtrates (stored at

-20°C) were thawed at 4°C and 20 ml from each filtrate

was passed through a 0.22 urn Millipore cellulose acetate filter.

1 0  ml of chloroform was then added to each filtrate sample 

in a separating funnel which was vigorously shaken for 30 seconds. 

The aqueous and chloroform phases were then allowed to separate 

and the chloroform (lower phase) collected and stored at -20°C.

The standard used in the work was 3, 4 dimethoxybenzylalcohol 

96% (veratryl alcohol). Standards were prepared by diluting 

in choroform.

1 ml aliquots of stored filtrates extracted in chloroform 

were concentrated by evaporating to dryness, over a waterbath 

at 65°C and dissolving in 20 ul chloroform. This concentrate 

was then loaded onto a thin layer chromatography (T.L.C.) plate.

In order to undertake the T.L.C. Assay (Lundquist and Kirk, 1978) 

silica gel T.L.C. plates were used; the solvent being 

benzene: ethyl acetate, 3:1. After running, each plate was 

air dried and sprayed with cone. H2 SO4 : formaldehyde mixture,

9:1. The plate was then oven dried at 140°C for 3 minutes.

Rf values from the T.L.C. Assay were determined for samples 

and standards, which were compared.
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2.2.2. Results

a. Dry Weight

Following the technique described in Section 2.2.1.h., 

results summarised in Table 7 and Figs. 11a and b were 

obtained in respect of mycelial dry weight.

A. pullulans showed the greatest dry weights throughout the 

time course. versicolor showed very low dry weights up to 

1 0  days; rate of dry weight increase then rose rapidly and 

after 28 days versicolor showed the second highest dry 

weights. Pĵ  chrysosporium and P̂ _ fastigiata showed intermediate 

dry weights. trabeum and Ĉ _ puteana showed the lowest dry

weights, with the exception of versicolor day 1 to day 13.

b. Extracellular free-radical/peroxidase production

Following the technique described in Section 2.2.l.g., results 

summarised in Table 8 and Fig. 12 were obtained in respect of 

extracellular free-radical/peroxidase production.

Significantly greater levels of ethylene were present in the 

headspace of closed P_̂  chrysosporium cultures, following the 

addition of KTBA. Ethylene levels above versicolor cultures 

were greater than those above A^ pullulans and P^ fastigiata which 

were negligible. Levels tended to rise over the first ten days 

to reach a steady maximum value (within 95% confidence limits) 

over the following 18 days. Control cultures (without KTBA) showed 

negligible ethylene levels.
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Time Mean Dry weight (mg per culture) t S.E.
(Days) C. versicolor P. chrysosporium C. puteana G. trabeum A. pullulans P. fastigiata

3 29.9 ± 2.5 79.0 ± 8.4 26.1 ± 1 . 0 42.8 ± 1.0 124.0 ± 13.7 63.8 ± 5.0
6 41.5 ± 8.7 102.1 ± 8.3 48.7 ± 5.1 54.9 + 8.3 137.3 ± 14.5 123.3 ± 12.9

1 0 18.3 ± 5.8 138.2 ± 3.6 45.4 + 4.0 64.2 i 6.1 207.4 ± 6.7 145.3 ± 2.4
13 32.5 ± 9.3 146.3 ± 15.4 52.3 ± 3.7 75.3 ± 2.4 229.6 + 8 . 6 159.4 ± 5.8
17 87.7 ± 9.2 188.1 ± 8 . 1 78.2 ± 4.1 91.0 ± 7.2 435.6 ± 17.8 168.3 ± 10.0
2 0 110.0 ± 7.0 175.9 ± 8.5 67.6 ± 12.6 83.7 ± 6.2 267.1 ± 21.4 165.8 ± 8 . 6

24 106.0 ± 1 2 . 0 137.1 ± 2.8 73.0 ± 14.5 71.0 ± 9.5 397.5 ± 16.7 170.5 ± 9.1
27 167.0 ± 17.0 179.1 + 12.0 62.6 ±  4.9 69.1 ± 6 . 8 383.2 ± 12.8 166.8 ± 6 . 2

Table 7. Table of mean dry weight per culture (plus standard errors) of each organism, 
throughout the 27 day time course.
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Figs. Via & b. Graph of mean mycelial dry weights for each
organism, with time (plus 95% confidence limits).
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Time Mean CoH/, production (nm per culture) ^S.E.

(Days) C. versicolor P. chrysosporium C. puteana G. trabeum A. pullulans P. fastigiata

3 2.10 ± 0.47 10.03 ± 2.10 1.30 ± 0.15 0.76 ± 0.00 1.30 ± 0.16 0.76 ± 0.05

6 6.99 ± 0.46 115.02 ± 3.13 1 . 8 6  ± 0 . 2 1 2.27 ±  0.57 0.47 ±  0.09 0.51 ±  0.13

1 0 6.27 ± 0.14 84.17 ± 7.09 3.27 ±  0.82 3.96 ±  0.45 0.48 ± 0.12 0.36 ± 0.00

13 9.14 ± 0.99 158.67 ± 11.62 1 . 8 8  ± 0.27 7.38 ± 1.51 0.55 ±  0.14 0.41 ±  0.00

17 14.74 ± 2.05 103.95 ± 12.86 1.45 ± 0.09 7.59 ± 0.30 0.73 ± 0.00 0.74 ± 0.00

2 0 8.54 ± 1.04 123.03 ±  9.53 1.48 ±  0.14 5.63 + 0.68 0.74 ± 0.00 0.74 ± 0.00

24 9.52 ± 1.04 80.55 ± 9.53 0.95 ± 0.14 5.99 ± 0.68 0.41 ± 0.00 0.83 ± 0.00

27 9.37 ± 1.31 54.09 ± 10.21 0.90 ± 0.13 9.66 ± 1.19 0.41 ± 0.00 0.41 ±  0.00

Table 8 . Table of mean ethylene production per culture (plus standard errors),

from 3 replicates, of each organism, throughout the 27 day time course.
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Fig. 12. Graph of the 3 highest ethylene producers, with
time, following the addition of KTBA to stationary 
liquid cultures. (Mean values plus 95% confidence 
limits)

V_. chrysosporium ___ __  . __
C. versicolor ----------__
G. trabeum _____  . __
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c. Veratryl alcohol data

Following the technique described in Section 2.2.1.i., results 

summarised in Table 9 were obtained in respect of fungal production 

of veratryl alcohol.

Veratryl alcohol was found in nearly all samples but levels 

varied considerably between organisms. puteana produced

the lowest levels and chrysosporium produced the highest 

levels of veratryl alcohol.

C. versicolor showed a 10 fold increase in veratryl alcohol 

production at day 6 , then constant levels until day 24 (2 

times increase) and day 27 (2.5 times increase).

P . chrysosporium produced no measurable levels of veratryl 

alcohol up to day 3 but by day 6 , had produced 6 times the 

maximum levels produced by Ĉ _ versicolor. Levels increased 3 

times at day 13 and then fell 5 times at day 24.

C. puteana produced unvarying trace levels throughout the time course.

G. trabeum produced no measurable levels of veratryl alcohol 

until day 13 and produced its maximum level at day 20. The 

following two samples at day 24 and day 27 had no measurable 

levels. The maximum level was produced on day 20 and was the 

same as that produced by C_̂  versicolor on day 27.

A. pullulans showed low levels from the first sample at day 3, 

increasing 5 fold at day 13. Thereafter, levels alternated 

between 2.5 and 5.0 (% veratryl alcohol in the sample loaded x 10“5).

P . fastigiata showed a similar trend to pullulans except 

that the increase was more gradual; the same maximum levels 

were achieved.
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Time
Quantitiative Veratryl Alcohol Assessment (% V.A. in sample loaded x 10 ^)

(Days) C. versicolor P. chrysosporium C. puteana G. trabeum A. pullulans P. fastigiata

3 0.5 0 . 0 0.5 0 .0 1 . 0 1 . 0

6 5.0 150.0 0.5 0 .0 1 . 0 1 . 0

1 0 5.0 150.0 0.5 0 .0 1 . 0 1 . 0

13 5.0 500.0 0.5 5.0 5.0 2.5

17 5.0 500.0 0.5 5.0 2.5 1.5

2 0 5.0 500.0 0.5 25.0 5.0 5.0

24 1 0 . 0 1 0 0 . 0 0.5 0 .0 2.5 5.0

27 25.0 1 0 0 . 0 0.5 0 .0 5.0 5.0

Table 9 . Table of quantitive veratryl alcohol (V.A.) assessment with time for each organism. 

Each value is a mean of two identical replicates.

R.f = 0.2 in benzene: ethyl acetate, 3:1 solvent.

There are 0.1157 mg veratryl alcohol in 100 ul of 1 x 1 0 “5 % veratryl alcohol solution. 

(N.B. G^ trabeum T.L.C. plates showed several bands of differing R.f. values and 

colours in addition to the purple veratryl alcohol band. There were traces at

day 3 which increased in intensity throughout the time course).



2.2.3 Discussion

2.2.3.1. Discussion of methods

Growth media for the different organisms were modified from the 

published formulas on which they were based in order to standardise 

carbon and nitrogen concentrations. Some of the time course 

experiments were, however, carried out earlier in the project 

than others, hence the different buffering system employed, to 

the standard 0.001 M 2.2. dimethylsuccinic acid, in some 

cases. This was chosen as a standard buffering agent in order 

to coincide with growth media in published work concerned with 

liquid fungal culture experiments in the field of ligno-cellulose 

degradation.

It was decided to introduce two further orgamisms: The White-rot,

P . chrysosporium and the Brown-rot, G_L trabeum; in order to 

provide more extensive evidence of any White-rot/ Brown-rot 

differences under the experimental conditions. chrysosporium

was chosen as a test organism due to its use in similar assays 

by previous workers (Kutsuki and Gold (1983) and Fourney et. 

al., (1982) in an attempt to determine extracellular agents 

responsible for lignin degradation). The opportunity existed, 

therefore, to compare the organisms tested for 'ability to 

inactivate TnBTO' in Section 2.1; with P. chrysosporium in 

terms of extracellular free-radical/peroxidase production and 

veratryl aclohol production. This would, therefore, provide 

clues as to whether the inactivation measured in Section 2.1. 

could be due to detoxification by free-radical/peroxidase since
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these have been linked to White-rot degradation of the ligno- 

cellulose complex by Kutsuki and Gold (1983) and Fourney et. 

al., (1982). The possibility exists that any microbial mechanism 

for lignin degradation could also bring about the debutylation 

of trybutyltin compounds due to the wide ariety of organic 

groups that have to be attacked in order to bring about lignin 

degradation.

G. trabeum was chosen as a result of the work of Kirk et. al., 

(1975) who demonstrated similarities between Ĝ _ trabeum and 

White-rots in terms of lignin biodegradation. It was interesting, 

therefore, to compare G. trabeum with the other organisms in this 

test. P_̂  chrysosporium growth medium was standardised but 

inoculation was via spores and incubation was at 40°C (Kirk, 

et.al., 1978).

Both P_̂  chrysosporium and G. trabeum were treated differently

to the other organisms. G_•_ trabeum had a slightly different 

growth medium (but had standardised carbon and nitrogen 

concentrations) and P_̂  chrysosporium was inoculated differently, 

had a slightly different growth medium (but had standardised 

carbon and nitrogen concentrations) and was incubated at a 

higher temperature. Clearly, growth conditions should be as 

similar as possible when comparing the parameters measured in 

this study and this is the reason for carbon and nitrogen 

standardisation. It was considered, however, that growth media 

and incubation temperatures should be based on published details 

for the different organisms concerned to ensure good primary 

growth conditions by recognising the differing requirements of 

organisms having differing metabolisms. Comparisons between 

the different organisms in this study were made, therefore, on
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the assumption of good primary (initial) growth of all organisms 

before the standardised limited carbon and nitrogen levels were 

depleted. The seven sample days were designed to evenly cover 

the 28 day growth period.

Stationary liquid culture was considered to provide the optimum 

conditions in which to study extracellular production of possible 

detoxifying agents, due to the methodology of the ethylene assay 

and also the ease by which fungal dry weights could be measured.

The ethylene assay was developed from the methods of Fourney et.al.,

(1982) and Kutsuki and Gold (1983) and the veratryl alcohol T.L.C. 

assay was the same as that used by Lundquist and Kirk (1978).

There is some uncertainty concerning the specificity of KTBA in 

its reaction with the hydroxyl free-radical (OH*)to produce ethylene. 

This follows criticisms of the specificity of methional (3- 

methiolpropionaldehyde) (a similar molecule to KTBA) in the

same reaction (Pryor and Tang, 1978). The work of Fourney et.al., 

and Kutsuki and Gold assumed that KTBA was reacting with OH* 

only. Such an assumption is not made in this study but neither 

is the possiblity ruled out.

KTBA has three reactive groups; a thiomethyl group, a Keto acid 

and a carboxy acid group:

H H H 0 OH
| | 1 II /

H - C - s - c - c - c - C

H
1
H H \

It is possible that the breakdown of KTBA can follow 

several different pathways, leading to a variety of products.
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Controls in this experiment showed that hydrogen peroxide was 

not capable of breaking down KTBA to ethylene on its own. In 

addition, Nicholls (1985) has shown that hydrogen peroxide 

will not cause the formation of a radical from veratryl alcohol 

without a White-rot peroxidase type enzyme present, in addition 

to the fact that the enzyme can attack KTBA as a substrate directly, 

with the formation of ethylene. There is also the possibility 

that this enzyme may utilise hydrogen peroxide as a substrate 

directly resulting in the formation of OH*:

h2o2

Fe3+

OH* + OH 

---» Fe4+
compound II

A variety of molecular interactions occurring in the liquid 

culture/KTBA system can, therefore, lead to ethylene formation; 

many of which could also lead to TnBTO detoxification.

Furthermore, Kutsuki and Gold (1983) showed hydrogen peroxide 

(H2 02), superoxide (02 ) and singlet oxygen (^02) to be ineffective 

at generating ethylene from KTBA. Also Pryor and Tang (1978) 

showed that even though alkoxy radicals also react with methional, 

their reactivity was only 10% that of OH*. There is considerable 

evidence, therefore to suggest that extracellular OH*/peroxidase 

type enzyme production is being assayed by the above method.
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Clearly the possibility of extracelluar production of other 

free radicals of oxygen, and their possible involvement in 

detoxification mechanisms cannot be ruled out, OH*, however, 

is by far the most reactive of those previously mentioned.

An alternative assay for OH* exists, via the decarboxylation 

of benzoate with the release of radioactively labelled CO2  

(Sagone, et. al., 1980). The ethylene assay was used in preference 

to this method due to the ease by which it could be employed, 

the availability of materials and equipment and also the fact 

that the effects of intermediate radical cations and the enzyme 

are unknown on benzonate. The ethylene assay, therefore, in 

this case can be considered to be an assay of fungal derived 

TnBTO detoxifying agents.

The purpose of the veratryl alcohol assay was to determine 

whether it was produced by all the organisms; if it was produced, 

when it was first detected and also to give an indication of 

relative levels to provide a guideline for more accurate methods 

of quantification, in the event of it proving to be of metabolic 

importance in relation to TnBTO detoxification.
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2.2.3.2. Discussion of results

Problems in the interpretation of exactly what 'dry weight' 

comprises, have been previously discussed (see Section 2.1.3.1.). 

Dry weight trends for the organisms tested were similar to 

those obtained in Section 2.1.2.1. A. pullulans showing the 

highest dry weights and C. puteana,the lowest. The other 

Brown-rot: (5̂  trabeum, also had low dry weights throughout the 

time course, thus suggesting a similar pattern of growth by 

both Brown-rots under the experimental conditions.

Ethylene levels (following the addition of KTBA) in the closed 

headspace above the cultures differed greatly between the various 

organisms (Table 8 , Fig. 12). Ethylene levels above P . 

chrysosporium cultures were by far the highest. The next 

highest levels were above versicolor cultures, again suggesting 

a similar metabolism of the two White-rots; although P. 

chrysosporium appears to be the more efficient producer of 

extracellular free radicals/peroxidase. Similarly, the two 

Brown-rots both had intermediate ethylene levels again suggesting 

a similar metabolism, trabeum cultures showed the highest 

ethylene production of the two Brown-rots.
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This result provides an interesting link with the work of Kirk 

et. al., (1975) who demonstrated similarities between G. trabeum 

and White-rots, in terms of lignin attack.

Problems arise in expressing ethylene data, and ’nm ethylene 

culture “ 1 ' was considered to be the optimum unit to use.

Clearly, the extracellular agents reacting with KTBA are 

being produced by differing amounts of mycelia depending on the 

organism. The unit fnm. ethylene, mg dry weight ”1* cannot be 

used, however, since it is not known what comprises 'dry weight'. 

Organisms having higher extracellular polysaccharide production 

(which may register as 'dry weight') would, therefore, be given 

artificially low ethylene levels.

Veratryl alcohol data (Table 9) shows a wide variation between 

organisms. In comparison to chrysosporium all organisms 

produced very low levels. The next two highest producers were 

C. versicolor and Gj_ trabeum thus implying metabolic 

similarities between the two organisms.

The principal conclusion of this work is that the White-rot 

organisms tested produced high levels of free-radicals/ 

peroxidase.
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2.3. Development of a chemical system for free-radical generation

and an assay method to determine its detoxification effect on 

tributyltin compounds.

Section 2.1 showed inactivation of TnBTO by various organisms 

associated with wood decay: White-rot fungus being the most 

efficient inactivator. Section 2.2 showed White-rot fungi to 

be the most efficient extracellular free-radical/peroxidase 

producers under the same conditions as Section 2.1 and using 

the same range of organisms.

The objective of this Section, therefore, was to substantiate 

free-radical/peroxidase as a possible means of TnBTO inactivation 

in Section 2.1.

It was necessary to develop a non-biological means of free- 

radical generation in order to study any detoxification of 

tributyltin compounds by free-radicals under more controlled 

conditions than those in experimental Section 2.2. A further 

objective was set to determine the effect of different anions 

attached to the tributyltin compounds on any free-radical 

detoxification.

2.3.1. Materials and Methods

2.3.1.1. Chemical generation of hydroxyl free-radicals

Trials of a number of different methods were carried out based 

on Fentons reaction (Walling 1974) involving the reduction 

of hydrogen peroxide (H2 O2 ) by ferrous iron (Fe II) in order to 

produce 0H». The method was developed in order to maximise 

ethylene evolution following the addition of KTBA, a reagant
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used in similar assays by Cohen and Cederbaum (1979), Fourney 

et. al., (1982) and Kutsuki and Gold (1983) which reacts with 

OH* to produce ethylene. Their methods were examined and 

developed further in an attempt to maximise OH* production to 

enable easier measurement of its detoxifying effect on the 

tributyltin compounds tested.

Reactions were carried out in 30 ml test tubes sealed with 

rubber suba-seals (boiled for 30 minutes in order to prevent 

ethylene evolution from the rubber during the experiment) and 

the reaction system volume was 1 0  ml, since this resulted in 

sufficient headspace (enclosed gas space above the liquid) 

from which to extract gas samples of sufficient concentrations 

for gas chromatographic measurement of ethylene levels.

a. Reagents

The following reagents were used for the OH* production trials

Final concentration

FeS04 7H20 4 mM

EDTA 4 mM (Ethylenediaminetetra-acetic acid 
disodium salt)

KTBA 8  mM

H2 02 200 mM

Thiourea 30 mM

Each reagent was made up separately in 0.02 M K2 HP0 4 /KH2 P0 4

buffer (pH 7.5). Thiourea was included in some reaction

systems in order to act as a free-radical scavenger.
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The FeS0 4 7 H2 0 and EDTA solutions were mixed before being 

added to the reaction system. Reagents were injected through 

the suba-seal using syringes and the reaction volume was 1 0  ml.

b. Method Trials

Order of addition of reagents, reaction rate and reaction conditions 

were studied in order to maximise ethylene evolution.

Order of addition of reagents:

The following reaction schemes were compared:

i) Fe/EDTA + KTBA + H2 02 (added last)

ii) h 2 o 2 + KTBA + Fe/EDTA (added last)

These were carried out over a 240 minute time course, in unshaken 

tubes at 30°C. Samples were withdrawn at 10, 30, 60 and 240 

minutes and assayed for ethylene using gas chromatography as 

described in Section 2.2.1.1.g.

An additional experiment was set up (addition of H2 O2 last) 

to investigate the effects of vigorous shaking on ethylene 

production from the system; a Griffin flask shaker was used 

(high setting). The reaction was carried out over a 60 minute 

time course at 22°C samples were withdrawn at 10, 20, and 60 

minutes.

2.3.1.2 Organotin compounds selected for study.

The following tributyltin compounds were introduced individually 

into free-radical generating systems:
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TnBTO (bis(tn-r\-butyl t in) oxide)

TnBTO + industrial stabiliser

TBTN (tributyltin naphthenate)

TBTE (tributlytin ethanesulphonate)

a. Reaction conditions and ethylene assay.

The following closed systems were set up:

i) Organotin + Fe/EDTA + Thiourea + H2 O2 (added last)

ii) Organotin + Fe/EDTA + H2 O2  

iii) Fe/EDTA + H2 02  

iv) Organotin + H2O2

(added last)

(added last)

(added last)

The pure organotin compounds were added to the test tubes to 

give 30 mM final concentration prior to addition of other reagents. 

Reactions were carried out over 10 minutes at 122°C with 

vigorous shaking throughout. After three 0.5ml gas samples 

had been withdrawn from each of three replicate closed systems, 

the reaction mixtures were immediately stored at -20°C.

The ethylene assay described in Section 2.2.1.1.g. was then used 

to quantify free-radical levels in the reaction systems.

b. Organotin extraction and assay

The frozen reaction mixtures were thawed at 4°C and 5 ml of 

chloroform was added to each 10 ml reaction mixture. The 

tubes were then agitated on a vortex mixer for 30 seconds.
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The chloroform and aqueous phases were then allowed to separate.

The efficiency of this extraction method was tested by preparing 

standard organotin solutions of 1 0  ppm and comparing with 1 0  ppm 

solutions created via a choroform extraction of 30 mM organotin 

compounds from 1 0  ml of distilled water.

Extracted samples were then analysed for detoxification using 

the spore germination bioassay technique described in 

Section 2.1.1.2.

This methodology was unchanged from the final method developed in 

Section 2.1.1.2.d. which involved the measurement of clearing zones 

around wells (into which samples were placed at 1 0  ppm tributyltin 

concentration - assuming no detoxification) cut in agar, seeded 

with bacteria spores.
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2.3.2 Results

a. Chemical generation of hydroxyl free-radicals

Following the techniques described in Section 2.3.1.1.b., 

results summarised in Table 10 and Fig. 13 were obtained in 

respect of ethylene production (hence OH*) in relation to order 

of addition of reagents.

Addition of H 2 O2 to the closed reaction system last, resulted 

in increased ethylene production. Ethylene evolution appeared 

to continue over the four hour time course.

Results summarised in Table 11 and Fig. 14 were obtained in 

respect of ethylene production in relation to reaction conditions. 

Vigorous shaking resulted in a high increase in ethylene production. 

Again, ethylene evolution appeared to continue with time.
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Time
(min)

Ethylene production (nm.ml *) i S.E.

H 9O9 added last FeSO^/EDTA added last

1 0 4.30 t 0.23 0.22 t  0.29

80 6.87 + 0.43 0.65 + 0.13

240 8.18 + 0.19 1.09 + 0.19

Table 10. Table of results of Fentons system time

course (not shaken) reagent order of addition 

experiment.

Means of 3 replicates, plus standard errors.
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Time Ethylene production
(min) (nm.ml”l) t  S.E.

1 0 82.34 ±  1.46

30 87.42 ± 1.45

60 92.21 ± 1.20

Table 11. Table of results of Fentons system time 

course, shaken, experiment.

Means of 3 replicates, plus standard 

errors.
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Fig. 13. Order of addition of reagent experiment 
(Stationary, 30°C)

0 20 40 60
Time (mins)

Figs. 13 & 14. Graphs of ethylene production from a 
Fentons system, with time, following 
the addition of KTBA under differing 
experimental conditions.

(Mean values, plus 95% confidence limits)
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b. Organotin treatments

Following the techniques described in Section 2.3.1.2.a., results 

summarised in Table 12 and Fig. 15 were obtained in respect of 

ethylene production from the reaction systems. The reaction of 

Fentons system with the organotin compounds produced significant 

levels of ethylene. Introduction of the free-radical scavenger; 

thiourea into the closed reaction systems resulted in considerable 

decreases in ethylene production in the case of TnBTO and TnBTO 

(stabilised), but not in the case of TBTN and TBTE, both of

which, produced ethylene levels that were not significantly

different with or without thiourea. TBTN produced the lowest 

levels. TBTE produced higher levels and produced the highest 

ethylene levels of any system with thiourea added.

TnBTO plus H2 O2 only, resulted in no ethylene evolution.

Following the techniques described in Section 2.3.1.2.b. results

summarised in Tables 13a and b, 14 and 15 and Figs. 16a, b, c,

d and 17 were obtained in respect of detoxification of the 

organotin compounds by OH* ,

The organotin extraction method was found to be 100% efficient 

when measured using clearing zones.

All organotin compounds, except for TBTE, had a significantly 

lower detoxification in the presence of the free-radical scavenger 

thiourea. The two TnBTO treatments were detoxified the most, 

the industrial stabilizer did not reduce detoxification in this 

experimental system.

TnBTO was not detoxified by H2 O2 only, nor was any ethylene 

produced.
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Organotin
Compound

Treatment Ethylene production 
(nm.ml-!) i S.E.

TnBTO A 2.98 ± 0.05
B 0.17 + 0.02
C 0

TnBTO (stabilised) A 2 . 1 0  t 0.06
B 0.22 + 0.04
C 0

TBTN A 0.05 ± 0.01
B 0 . 1 2  t  0 . 0 1

C 0

TBTE A 1.23 + 0.08
B 1.37 + 0.05
C 0

Control A 0

(No toxin) B 0

Table 12. Table of means (plus standard errors)

of ethylene production from the Fenton’s 

system/organotin experiment (no KTBA);

3 replicates per organotin per treatment

Treatment A: Organotin + Fe/EDTA + H2 O2

Treatment B: Organotin + Fe/EDTA + Thiourea + H 2 O2

Treatment C: Organotin + H 2O2
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Fig. 15. Histogram of ethylene production 
for each toxin and each treatment 
(plus 95% confidence limits)

Treatment A = Orgpnotin + Fe/EDTA +

Treatment B = Organotin + Fe/EDTA + Thiourea + H202. 
Treatment C = Organqtin + H2 C>2  

Controls are: Fe/EDTA + H 2 02

Fe/EDTA + Thioura + H202
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Organotin Clearing Zone Diameter (mm) t . S.E.
Compound Acetone Chloroform extraction

TnBTO 29.283 ± 0.233 29.320 + 0.067

TnBTO (stabilised) 30.517 + 0.167 30.350 t 0.050

TBTN 23.717 + 0.176 23.580 ± 0.133

TBTE 27.850 i  0.029 27.780 t  0.033

Table 13a. Table of mean clearing zone diameters (plus

standard errors) from the B. subtilis spore germination 

bioassay for the trial experiment to determine 

the efficiency of the chloroform extraction 

method, used to extract Organotins from the Fenton’s 

reaction system (3 replicates per toxin).

’Students -t’ test shows no significant difference 

in mean clearing zone diameter between the acetone 

solutions and the chloroform extraction for each 

organotin.
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Organotin
Compound

Concetration
(ppm)

Clearing Zone dia. 
(mm) i S.E.

Correlation
coefficient

r

TnBTO 1 0 . 0 29.28 + 0.23 r = 0.99
7.5 26.43 + 0.02 d.f. = 3
5.0 23.82 + 0.17 p 0 . 0 0 1

2.5 19.47 + 0.17

TnBTO stabilised 1 0 . 0 30.52 + 0.17 r = 0.999
7.5 27.72 t 0.11 d.f. = 3
5.0 24.45 + 0.13 p 0 . 0 0 1

2.5 21.37 + 0.03

TBTN 1 0 . 0 23.73 + 0.18 r = 0.989
7.5 22.17 + 0.07 d.f. = 3
5.0 20.17 t  0.08 p 0 . 0 0 1

2.5 17.12 + 0.02

TBTE 1 0 . 0 27.85 t 0.03 r = 0.993
7.5 25.62 ± 0.02 d.f. = 3
5.0 23.40 ± 0.08 p 0 . 0 0 1

2.5 19.93 t 0.14

Table 13b. Table of mean clearing zone diameters 

(plus standard errors and correlation 

coefficients) for calibration curves 

for each organotin compound; 3 replicates 

per organotin compound per concentration.
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Figs. 16a, b, c. & d. Graphs of mean clearing zone diameters for B. subtilis spore
germination bioassays for TnBTB (stabilised) , TnBTO, TBTN, TBTE. 
(Means of 3 replicates per organotin compound'Cone. :•95% 
confidence limits are too small for the scale).



Organotin Treatment Clearing Zone diameter
Compound (mm) — S.E.

TnBTO A 25.62 + 0.44

B 27.42 + 0.07

C 29.26 t 0.18

TnBTO stabilised A 25.60 + 0.20

B 26.50 ± 0.03

C 30.59 ± 0.04

TBTN A 23.17 t 0.02

B 23.67 + 0.02

C 23.79 t  0.20

TBTE A 26.02 + 0.23

B 26.65 + 0.41

C 27.80 + 0.14

Table 14. Table of mean clearing zone diameters

(plus standard errors) from the B. subtilis 

spore germination bioassay; 3 replicates per 

organotin compound per treatment.

Treatment A: Organotin + Fe/EDTA + H2O2
Compound

Treatment B: Organotin + Fe/EDTA + Thiourea + H2O2
Compound

Treatment C: Organotin + H2O2
Compound
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Organotin
Compound

Treatment % Detoxification

TnBTO A 27

B 13

C 0

TnBTO stabilised A 41

B 32.5

C 0

TBTN A 11

B 5

C 0

TBTE A 20

B 14.5

C 0

Table 15 Table of % detoxification (estimated from

calibration line: Figs. 15a, b,c and d) for

each organotin compound and treatment.

Treatment A: Organotin + Fe/EDTA + H2O2
Compound

Treatment B: Organotin + Fe/EDTA + Thiourea + H2O2
Compound

Treatment C: Organotin + H2O2
Compound
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Fig. 17. Histogram of % detoxification for each organotin 
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Students t statistically significant difference
data (p = 0.05)

HiBTO stabilised, ) Treatment B produced significantly 
TliBTOand TBTN ) less detoxification than A

TBTE Treatment B produced less
detoxification than A but the 
difference was not significiant 
at p = 0.05.
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2.3.3 Discussion

2.3.3.1. Discussion of methods

The method used was originally employed with a view to chemically 

generating hydroxyl free-radicals, and this same assumption 

has been made by Cohen and Cederbaum (1979), Fourney et.al., 

(1982) and Kutsuki and Gold (1983); the method used in this 

study was developed from their work.

A Fenton’s reagent oxidation involves the following steps 

(Walling, 1975):

H202 + Fe2+ ----- --> Fe3+ + H0“ + HO* (1)

HO* + Fe2+ ----- --- * Fe3+ + HO" (2)

HO’ + R±H ------- --> H20 + Ri*

HO* + RjH ------- ---> HoO + R.* ̂ J (3)

HO* + RkH ------- — » H20 + Rk -

Rj.* + Fe3+ --- y~Fe2+ + product (4)

2Y product (dimer) (5)

Rk* + Fe2+ H+  ̂ 3+FeJ+ + RkH (6)

Reactions (3) (above) are written as hydrogen abstractions but, with

unsaturated molecules, may be replaced by kinetically equivalent

additions. They assume the possible formation of three types of

radicals, R.•, R.*, and R,*, which respectively undergo oxidation 1 J K
(and thus regenerate Fe2+ to propagate a redox chain), dimerize 

or are reduced.
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As discussed previously, it is probable that ethylene production 

is a result of the reaction between KTBA and OH*.

It has been reported that the order of addition of reagents 

affects ethylene production in a Fentonfs system with KTBA.

Cohen and Cederbaum, (1979) found greater ethylene production, 

and presumably OH* production, when the iron was added last, 

rather than the hydrogen peroxide. The results of the 'order 

of addition of reagents trial' in this study, contradict those 

of Cohen and Cederbaum and consequently, H2O2 was added last 

for all subsequent treatments. Ethylene production was also 

found to be dramatically increased upon rapidly agitating the 

reaction system on an automatic shaker, presumably due to an 

increased number of molecular collisions; this method was also 

adopted for all subsequent treatments.

When introducing organic compounds into the aqueous Fenton's system, 

clearly, solubility problems arise. The use of solvents 

must be ruled out due to their interference in the free-radical 

reactions. The solution to this problem was found, again, to be 

a rapid agitation which resulted in a suitable dispersion of 

organotin compounds throughout the reaction system.

The method used to extract the organotin compounds from the 

Fenton's system was tested in order to guard against either 

incomplete extraction or detoxification due to the extraction 

method itself.
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2.3.3.2. Discussion of results

Trials using Fenton's system plus KTBA were used to develop 

a method for optimum ethylene (presumably OH*) production.

This was achieved and was undertaken in order to set up a system 

into which toxins could be introduced to determine the detoxification 

effect of OH*. Detoxification was then successfully assessed 

using a bacterial spore germination assay.

In addition to assessing detoxification, ethylene production was 

also measured in these reaction systems. Interesting differences 

were observed considering that there was no KTBA in the reaction 

systems: ethylene produced must have come, therefore, from the 

organotin compound itself. In the case of TnBTO and TnBTO (stabilised), 

the introduction of the OH* scavenger thiourea (Kutsuki and 

Gold, 1983) resulted in significant decreases in ethylene production, 

hence providing indirect evidence of a possible reaction between 

OH* and the organotin compound. TBTN and TBTE, however, produced 

much lower ethylene levels in identical reaction systems, thus, 

implying a role for the anion in determining the susceptibility 

of the tributyltin molecule to attack in this system.

Further gas chromotography studies may, therefore, yield valuable 

indications regarding the molecular mechanism of detoxification 

if breakdown products can be identified.

Recent work by Prough et.al., (1981) on the NADPH- and oxygen - 

dependent microsomal metabolism of the ethyltin series 

(C2H5)nSnX^_n (n=2-4), has demonstrated that the major organic 

metabolite is ethylene. Similarly, Kimmel et. al., (1977)
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detected 1-butylene from the microsomal metabolism of 

butyltin compounds (n-C^g^Sn and (n-Cz^g^SnX (where X 

= Cl, OAc and OSnCn-Cz^^).

Thiourea treatments showed significantly lower percentage 

detoxification for all toxins except TBTE; implying a role for 

OH* in the detoxification of tributyltin compounds. Also, 

the two TnBTO treatments were detoxified to the greatest extent 

(the presence of the industrial stabiliser did not reduce 

detoxification under these experimental conditions), again, 

implying a role for the anion in determining the susceptibility 

of the tributyltin molecule to attack in this system.

This work demonstrates that chemically generated OH* can 

detoxify tributyltin compounds but the attached anion appears 

to have an effect in determining the degree of detoxification.
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2.4. Assay of the White-rot fungus Phanerochaete chrysosporium

for TnBTO detoxification rate and extent in stationary 

liquid culture.

The objective was to evaluate the ability of P^ chrysosporium 

to detoxify TnBTO in terms of rate and extent. This objective 

was set following the observation (Section 2.2.) that 

P , chrysosporium produced very high levels of extracellular 

free-radicals/peroxidase under similar growth conditions to 

those proposed in this experiment; in addition to evidence 

suggesting that free-radicals can degrade TnBTO (Section 2.3).

A further objective was established to identify butyltin levels 

extracted from the growth medium quantitatively using paper 

chromatography followed by atomic adsorbtion spectroscopy in 

order to increase accuracy.

2.4.1. Materials and methods

The organism used was Phanerochaete chrysosporium ATCC 24725.

a. Growth medium

The same stationary liquid growth medium as described in 

Section 2.2.1.b. was used.

b. Addition of medium to medical flats

Medical flats were filled with 45 ml of growth medium and 

autoclaved at 121°C for 15 minutes.
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c. Inoculation

The same method of spore inoculation as described in 

Section 2.2.1.d. was used.

d. Incubation

Immediately after inoculation, the medical flats were placed in 

a horizontal position, with their tops partially unscrewed, in 

an incubator at 40°C.

e. Addition of TnBTO

TnBTO was added at varying times and for varying lengths 

of time throughout a 28 day time course in order to enable 

sampling during the two metabolic growth phases of the 

fungus: primary (young cultures) and secondary (old cultures - 

following nitrogen depletion in the growth medium - see 

Section 2.1.3.1) .

The following scheme was applied: days on which TnBTO was 

added, to a final concentration of 5.0 ppm day 1, 4, 11, 14 

(N.B. Day 1 is 24 hours after inoculation). TnBTO was, therefore, 

added to different cultures at four points throughout a 28 day 

time course.

f. Sample times

After each addition of TnBTO, samples were taken after 30 

minutes, 5 hours, 1 day, 7 days and 14 days.
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g. Ethylene assay

At the given sample times, medical flats in which the cultures 

were growing were sealed and injected with KTBA as described 

in Section 2.2.1.g. The concentration of ethylene produced 

as a result of the reaction between KTA and extracellular 

fungal derived OH*/peroxidase was measured using a gas 

chromatograph as also described in Section 2.2.1.g.

h. Mycelial dry weight measurement

This was carried out by filtering off the mycelia and drying 

at 60°C as described in Section 2.1.1.1.h.

i. Inactivation bioassay

The methodology was unchanged from the final method developed 

in Section 2.1.1.2.d. which involved the measurement of clearing 

zones around wells (into which samples were placed) cut in agar 

seeded with bacteria spores.

(N.B. A preliminary trial was conducted to determine any effect 

of residual KTBA/reaction products on clearing zone diameter).
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j. Organotin compound extraction and quantification of 

butyltin levels

Quantitative determination of the butyl species present in the 

growth medium was carried out by reversed phase paper chromotgraphy 

(Williams and Price, 1963) followed by wet-ashing (H2 SO4 /HNO3 ) 

of the spots to enable total tin analysis via electrothermal 

atomization atomic adsorption spectroscopy (ETA/AAS) (N.B.

"total tin analysis only" samples were subjected to ETA/AAS 

only - this analytical work was carried out with the collaboration 

of the International Tin Research Institute (ITRI)).

The quantitative method was as follows:

i) 10 ml dichoromethane + 0.05% tropolone was added to the 

50ml growth medium in a separating funnel (in the dark) 

and shaken for five minutes. The lower organic phase 

(containing the butyltins was then decanted and concentrated 

in a 60°C water bath).

ii) Whatman No. 1 chromatographic paper was then immersed in 

a stationary phase of 2 -phenoxyethanol (1 0 % in methyl 

alcohol) for one minute and then air dried for ten minutes.

One fifth of the butyltin sample (samples were diluted to 

load a maximum of 10 ug Sn per sample) was then spotted 

onto the paper 3 cm from the base; the sample vessel 

being rinsed several times with the dichloromethane/tropolone 

mixture to ensure that all the butyltins were spotted

onto the paper.
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iii) The paper base was then immersed in the developing solvent: 

2,2,4 - Trimethylpentane + acetic acid (92.5 + 7.5) in an 

enclosed tank and left for approximately one hour.

iv) The paper was then removed and sprayed with a 0.1% w/v solution 

of catechol violet in 95% ethanol and left in sunlight for

one day.

v) The different butyltins (having differing Rf values) 

were then cut from the paper and transfered to a beaker

to which was added 5 ml of concentrated H2 SO4 . Concentrated 

HNO3 was then added dropwise so that an excess (denoted 

by brown fumes) was present. The beaker was then placed 

on a hot plate and the wet-ashing was continued until all 

the organic matter was destroyed. The resulting solution 

was heated until H2 SO4 fumes appeared then cooled and 

after adding 2 0 ml H2 O again boiled to produce a colourless 

solution.

vi) The determination of tin levels in each sample was then 

carried out by ETA/AAS. The sulphuric acid solution was 

diluted to 50 ml in a volumetric flask with water and the 

tin determined in a 20 ul aliquot using an SP9 video 

furnace with the following furnace programme.

Temperature Time Ramp

1 st dry 1 2 0  OC 30 s 4

2 nd dry 375 °C 15 s 7

ash 700 °C 1 0  s 3

atomise 2800 °C 3 s 0

clean 2900 °C 3 s 0
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2.4.2. Results

a. Mycelial dry weights

Following the technique described in Section 2.4.1.1.h. 

results summarised in Table 16 and Figs. 18 and 19 were 

obtained in respect of mycelial dry weight. Fig. 18a shows 

the control dry weights to be significantly higher. This 

occurred over the 14 days after 5.0 ppm TnBTO (final concentration) 

was added to 1 day old cultures. Dry weights of the TnBTO 

treatments fell but the dry weight of the controls rose in the 

normal fashion. When TnBTO was added to 4 day old cultures 

(Fig. 18b) a similar difference between control and TnBTO 

treatment cultures was observed. Dry weight of the TnBTO 

treatments remained constant over the subsequent 14 days and 

dry weight of the controls continued to rise, although not as 

rapidly as in Fig. 18a.

When TnBTO was added to 11 and 14 day old cultures (Figs. 18c 

and d.) no such difference between dry weights of TnBTO 

treatments and controls was observed over the subsequent 14 

days.

The scale of Figs. 1 and 2 do not permit the inclusion of 

the dry weight data 30 minutes after the addition of TnBTO.

Table 16, however, shows that, as might be expected, there were 

no large differences in mean dry weights after this short time.

Figs. 19a and b are derived from the same data as Figs. 18a,

b, c and d and illustrate the effect of adding the TnBTO at the 

different points along the growth curve in a way that can be 

directly compared to the growth curve (Fig. 19b).
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SAMPLE TIME
Dry Weight (mg) +  S.E.

Day
1 4 11 14

30 min +  TnBTO 12.10 ±  0.95 58.77 ±  4.18 107.13 +  13.94 170.17 +  3.18

30 min Control 15.10 +  0.10 59.95 ±  6.65 107.15 ±  12.45 156.95 ±  9.65

5 h r  +  TnBTO 12.40 +  1.22 53.13 ±  5.25 171.60 ±  5.49 152.77 +  13.55

5 hr Control 17.03 ±  0.88 60.75 ±  1.85 166.50 ±  1.90 157.45 ±  11.05

I day +  TnBTO 7.83 ± 1 . 1 3 31.27 ±  4.67 164.73 ±  10.29 143.60 +  5.30

1 day Control 24.40 ±  2.75 57.45 ±  7.25 175.00 +  13.20 154.70 ±  3.90

7 day +  TnBTO 9.73 ±  1.08 51.57 ±  5.35 182.57 ±  10.48 176.10 ±  6.09

7 day Control 88.63 ±  5.88 126.75 ±  5.45 171.15 ±  11.75 180.35 +  4.05

14 day +  TnBTO 0.50 ±  0.12 52.47 ±  7.72 1 7 3 . 9 3 +  3.80 159.37 ±  7.51

14 day Control 179.80 ±  4.29 150.85 ±  0.35 139.20 ±  13.20 1 3 6 . 4 0 +  6.70

TABLE 16* Mean dry weight, from 3 replicates, (plus standard errors)
from P. chrysosporlum stationary liquid cultures, In the 
presence of TnBTO for Increasing time periods, throughout 
a 28 day time course.
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Figs. 18a, b, c, & d. Graphs of mean mycelial dry weight change of
P. chysosporium in stationary liquid culture 
(95% confidence limits) in the presence of 
5.0 p p m  TnBTO a d ded at either day 1, 4, 11 or 14 
(3 replicates p er mean).
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—  —  —  Control addition
------  Control addition
------  Control addition
—  * —  Control addition

(no TnBTO) added at day 1 . 
(no TnBTO) added at day 4. 
(no TnBTO) added at day 11 . 
(no TnBTO) added at day 14.

' Tig. 19a

Fig. 19a. Graph of mean mycelial dry weight change 
of control cultures (no TnBTO) of

chrysosporium in stationary liquid 
culture (95% confidence limits) in the 
presence of control additions (no TnBTO) 
at either day 1 , 4, 11 or 14.
(3 replicates per mean value).
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—  TnBTO added at day 1.
“  TnBTO added at day 4.

TnBTO added at day 11.
TnBTO added at day 14.

Fig. 19b

Fig. 19b. Graph of mean mycelial dry weight change 
of P. chrysosporium in stationary liquid 
culture (95% confidence limits) in the 
presence of 5.0 ppm TnBTO added at either 
day 1 , 4, 1 1  or 14.
(3 replicates per mean value).

115 -



b. Ethylene assay (measure of extracullular free-radical/ 

peroxidase production)

Following the techniques described in Section 2.4.1.g. results 

summarised in Table 17 and Figs. 20 and 21 were obtained in 

respect of ethylene production and hence free-radical/peroxidase 

production.

Fig. 20a shows a significant difference between control (fungal 

liquid cultures with no TnBTO) ethylene production and ethylene 

production from fungal liquid cultures plus TnBTO following 

addition of c<-ketomethiolbutyric acid (KTBA). When 5.0 ppm TnBTO 

(final concentration) was added to 1 day old cultures, ethylene 

assays over the subsequent 14 days showed significantly greater 

ethylene levels in the case of the controls; ethylene levels 

from liquid cultures to which TnBTO had been added were negligible.

When TnBTO was added to 4 day old cultures (treatment cultures)

(Fig. 20b) a similar difference between control and treatment cultures 

was observed over the subsequent 14 day period. Ethylene levels in 

the treatment cultures were, however, significantly greater than 

those of the 1 day old treatment cultures after 14 days.

When TnBTO was added to 11 day old cultures, differences between 

TnBTO treatment and control cultures did not appear to be significant 

(Fig.20c) over the subsequent 14 days except after 5 hours, when the 

control ethylene levels were greater. When TnBTO was added to 14 day 

old cultures, differences between TnBTO treatment and control cultures 

did not appear to be significant (Fig.20d) over the subsequent 14 days, 

except after 1 day, when the control ethylene levels were greatest.
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Figs. 21a and b are derived from the same data as Figs. 20a, 

b, c and d and illustrate the effect of adding TnBTO at the 

different points along the growth curve in a way that can be 

directly compared to the control ethylene production.

The scale of Fig. 20 and 21 do not permit the inclusion of 

the ethylene data 30 minutes after the addition of TnBTO.

Table 17, however, shows that there were no large differencies 

in mean ethylene levels after this short time.
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SAMPLE TIME
Ethylene Production (nm per culture) ±  S .E.

___________________________________ Day ________________________________
1 4 11 14

30 min +  TnBTO 1.4 ±  0.0 62.1 ±  1.8 101.5 +  0.0 198.7 ±  0.0

30 min Control 1.4 ±  0.0 60.3 -i 0.0 118.9 ±  14.0 198.7 ± 1 1 . 5

5 hr +  TnBTO 1.9 ±  0.0 51.5 ±  6.0 80.5 ±  3.5 158.2 ±  1.7

5 hr Control 1.9 ±  0.0 42.6 +  0.0 112.0 +  0.0 180.4 ± 1 0 . 3

1 day +  TnBTO 1.9 ±  0.0 15.5 ±  5.8 67.4 ±  3.6 100.0 ±  3.2

1 day Control 1.9 ±  0.0 53.2 ±  0.9 106.5 ±  14.2 177.4 ±  12.9

7 day +  TnBTO 4.7 ±  0.6 10.6 ±  1.8 186.3 ±  0.0 179.2 ±  18.1

7 day Control 80.0 ±  8.5 92.3 ±  7.1 215.5 ±  11.0 262.6 ±  7.1

14 day +  TnBTO 2.7 ±  0.4 24.4 ±  2.3 167.3 ±  8.7 129.6 ±  7.2

14 day Control 124.2 ± 6 . 2 184.5 ±  14.8 169.1 ±  10.4 142.2 ±  1.8

TABLE 1 7 . Mean ethylene production, for 3 replicates, (plus standard

errors) from P. chrysosporium stationary liquid cultures, in 

the presence of TnBTO for increasing time periods, throughout a 

28 day time course.

118 -



Et
hy

le
ne

 p
ro

du
ct

io
n 

(n
m 
pe

r 
cu

lt
ur

e)

day 14
Fig. 20a, b, c. & d. Graphs of mean ethylene production following 

the addition of KTBA to P. chrysosporium in stationary liquid 
culture, with time (95%-confidence limits) in the presence of 
5.0 ppm TnBTOadded at either day 1, 4, 11 or 14 (3 replicates 
per mean).

-----  control — — - 5.0 ppm TnBTO
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----- TnBTO added at day 1.
-----  TnBTO added at day 4.
-----  TnBTO added at day 11.
—  ♦ —  TnBTO added at day 14.

Fig. 21a. Controls (No TnBTO added)

eo

Figs. 21a & b . Graphs of mean ethylene production following 
the addition of KTBA to chrysosporium in 
stationary liquid culture, with time, (95% 
confidence limits) in the presence of 5.0 ppm 
TnBTOadded at either day 1, 4, 11 or 14.
(3 replicates per mean).
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c. Inactivation bioassay

Following the technique described in Section 2.4.1.i. results 

summarised in Table 18 and Figs. 22a, b, c and d were obtained 

in respect of TnBTO inactivation by the fungal cultures. This was 

measured using the effect of remaining toxic organotins in the 

growth medium inhibiting bacterial spore germination.

Fig. 22 c & d show complete inactivation in the case of the secondary 

metabolic cultures (TnBTO added at days 11 and 14) after one week. 

Inactivation increased with time up to that point. Fig. 22b also 

shows the trend of increasing inactivation with time but Fig. 22a 

shows day 1 cultures to be incapable of any inactivation over a 

base line of about 2 0 % - probably due to the inability of these 

cultures to grow (see dry weight data - Fig. 18).

d. Total tin levels/speciation

Following the techniques described in Section 2.4.1.j. results 

summarised in Table 19 were obtained in respect of total tin levels 

and speciation in the extracellular liquid culture medium.

Only selected samples from day 2 and 14 were analysed due to 

time and equipment constraints. Table 19 shows an average 

reduction in tin levels in the extracellular growth medium of 

approximately 50% for 1 day old cultures given TnBTO for 1, 7 and 

14 days. Table 19 shows an average reduction in tin levels of 

approximately 40% for 14 day old culutres given TnBTO for 1 and 7 

days but a reduction of only 8 % for cultures given TnBTO for 14 days. 

Speciation was carried out on only one sample (14, 14) and showed 

approximately 60% detoxification of TnBTO in the growth medium.
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SAMPLE
Day of
TBTO.
addition

Dilution 
of TBTO + 
organism

Mean clearing 
zone diameter 
(mm) 1 SE

% Biological 
inactivation

1 30 minutes 21.5 ±  0.2 18
5 hours 21.7 ±  0.3 17
1 day 21.0 ± 0 22
7 days 21.8 ±  0.4 16
14 days 21.3 ±  0.1 20

4 30 minutes 19.3 ±  0.7 34
5 hours 21.7 ±  0.3 17
1 day 21.2 ± 0.7 21
7 days 17.7 ± 0.4 45
14 days 15.7 ±  0.7 60

11 30 minutes 22.0 ± 0 15
5 hours 21.2 ± 0 21
1 day 19.5 ±  0.9 33
7 days 10.0 ± 0 100
14 days 10.0 ±  0 100

14 30 minutes 21.8 + 0.2 16
5 hours 20.7 ± 0.3 24
1 day 21.3 + 0.4 20
7 days 10.0 + 0 100
14 days 10.0 ±  0 100

No organism control: 
left for 14 days

24.0 1 0.4 0

No organism control: 
made up fresh

24.0 1  0.2 0

TABLE 18 Table of % biological inactivation of

5.0 ppm TBTO in the extracellular liquid 

culture medium of chrysosporium
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Fig. 22a. Day 1. Day 4Fig. 22b.

Fig. 22c. D a y  11 Fig. 22d. Day 14

Figs. 22a, b, c & d. Graphs of % biological inactivation o f
5.0 p p m  TnBTO by chrysosporium in stationary liquid c u l t u r e , 
w i t h  time, TnBTO b e ing added at either day 1, 4, 11 or 14.
No org a n i s m  controls showed zero inactivation.
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SAMPLE
% Sn ReductionDay of TnBTO 

addition
Duration of 
TnBTO organism 
(days)

1 1 45
1 7 64
1 14 64

14 1 39
14 7 42
14 14 8

No organism control: 0

left for 14 days

TABLE 19. Table to show % Sn reduction

of 5.0 ppm TnBTO in the extracellular 

liquid culture medium of 

P. chrysosporium (one replicate)

(N.B. A 14.14 replicate was extracted, 

speciated and showed a 90% reduction in 

tributyltin when subjected to ETA/AAS, 70% 

of the sample being monobutyltin).
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2.4.3 Discussion

2.4.3.1. Discussion of methods

Basic growth culture methods have fully been discussed in 

Section 2.1.3.1.

A preliminary trial was carried out prior to this study,

(Chapman, 1986) concerned with determining the recoverability of 

butyltins after storage at -20°C. Some small losses of tin were 

found (via ETA/AAS) following storage at -20°C, presumably due 

to the tin compounds adhering to the sides of the vessel when 

the aqueous storage medium was melted and extracted.

Insufficient replicates were used to quantify this process 

but this did not invalidate the primary objective of this 

experiment which was intended to identify any products of 

debutylation. Future extraction experiments from frozen samples, 

however, were rigorously performed with several solvent washes 

and were shown to extract 1 0 0 % of the tin compounds.

This study was designed to determine, rate and degree of inactivation. 

An experimental scheme was devised, therefore, involving the 

addition of TnBTO to stationary liquid cultures, at various points 

throughout a 28 daytime course and for varying periods. The 

periods were 30 minutes, 5 hours, 1 day, 7 days and 14 days and 

were designed to demonstrate either rapid or gradual detoxification.
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As in the previous biological inactivation study, dry weights 

were measured in order to demonstrate the effect of the organotin 

compound ongrowth of the organism. The ethylene assay was also 

carried out in this study, in order to measure any differences 

in free-radical/peroxidase production between organotin compound 

treatments and controls.

Only one TnBTO concentration (5.0 ppm) was used in this study, 

due to the efficiency displayed by versicolor in inactivating 

that concentration (Section 2.1.2.). P. chrysosporium was selected 

due to its prolific free-radical/peroxidase production, (Section 

2 .2 .2 .b.) thus providing an interesting comparison with the less 

prolific versicolor.

The development and use of the bioassay to determine TnBTO 

inactivation is discussed in Section 2.1.3.1. The quantification 

of tin levels and speciation of butyltins is clearly important in 

gaining a greater insight into the nature of the observed 'inactivation* 

of TnBTO in the growth medium. The sensitivity of the ETA/AAS 

method used is appropriate to analysis of the ppm levels encountered 

in this study. Alternative chromatographic analytical methods 

are available for the separation of butyltins and final 

quantification of tin levels. One such method involves the use 

of a densitometer to measure chromatographic butyl spot density 

(Ohlsson and Hintze, 1983). The methods used in this study 

were selected due to the availability of materials in addition to 

advice from Dr. A. Chapman (ITRI), (pers. comm.).
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2.4.3.2. Discussion of results

The dry weight data illustrates the inhibitory effect of TnBTO on 

primary growth of P_̂  chrysosporium. When added to secondary 

metabolic cultures (i.e. from day 11 onwards: see fig 19) any

metabolic effect on the organism was not reflected in dry weight.

The inhibitory effect of TnBTO on primary growth (Fig.18 & 19) is 

further reflected in figs. 20 and 21. The addition of TBTO to 

cultures in a secondary metabolic growth phase neither enhanced 

nor decreased extracellular free radical/peroxidase production 

under the experimental conditions; any metabolic effect on the 

organism was not reflected, therefore in ethylene assay data.

The minimum degree of inactivation of TnBTO (20%) is probably 

due to adsorption of the tin compound onto the organism but it 

is not yet clear why the degree of inactivation does not rise in 

proportion to dry weight of the culture to which the TnBTO is 

added. Clearly, adsorption may have occurred on a portion of 

the dry weight that did not increase after a given time.

In addition, the total tin data presents clear evidence for 

adsorption of the tin compound onto the mycelium. In the case 

of both day 1 and day 14 samples, % tin reduction increased after 

1 week. After two weeks, however, the fact that there was no 

further increase in percentage tin reduction in day 1 samples and 

a considerable increase in tin levels in the growth medium of 14 

day samples implies that cell autolysis may be occuring, thus 

releasing bound tin back into the growth medium.
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Evidence for fungal detoxification, therefore, can be seen from 

direct speciation of butyltin compounds from a secondary metabolic 

culture and also a comparison of inactivation bioassay data with 

total tin levels; which indicates low toxicity and high tin 

levels in the extracellular medium of secondary metabolic cultures.

A portion of the inactivation data must be accounted for by 

adsorption of the tributyltin compound onto the mycelium, thus, 

removing it from the growth medium solution. The data, however, 

shows that detoxification (debutylation) accounts for a far 

greater proportion of the inactivation figure.
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2.5 Assay of fungi for mycelial TnBTO association and

detoxification in stationary liquid culture

Section 2.1. together with previous work (Henshaw et. al.,

1978 and Orsler and Holland, 1982) has illustrated the 

ability of the White-rot versicolor to reduce the toxicity 

of TnBTO in both wood blocks and liquid culture (to a 

greater extent than any other organism tested).

The inactivation of TnBTO by C. versicolor observed in Section

2.1. could have been due to detoxification of TnBTO in the 

growth medium, detoxification at the mycelial wall, within 

the mycelium or simple 'blocking1 of the TnBTO, for example 

absorption onto the mycelial mucilage.

The objective of this study, therefore, was to determine the 

degree to which TnBTO was associated with the mycelia of 

primarily White-rot wood colonizing fungi (grown under the 

same conditions as those described in Section 2.1) and whether 

detoxification was related to this phenomenon.

2.5.1. Materials and methods

a. Test organisms

The organisms used were: (see Section 2.5.3.1.)

( Coriolus versicolor 28A PRL
(

White - ( Coriolus versicolor 28C PRL
(

rot ( Coriolus versicolor 28G PRL
(
( Pleurotus ostreatus 40C PRL
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( Lentinus lepideus isolated by Dr. P. Morris

Brown -

rot

(
(
(
(
(
(
(
(
(

heartwood (Morris, 1985)

been shown to germinate on

(Imperial College) the

spores of this isolate have

( Gleophyllum trabeum 108E PRL

b Growth media

White-rot organisms were grown in the White-rot medium as described 

in Section 2.1.1.1.b.

Brown-rot organisms were grown in the Brown-rot medium as described 

in Section 2.1.1.

Aseptic technique was used throughout; 50 ml of growth medium 

(either for White-rots or Brown-rots as described in Section

2.1.1.1.b.) was added to 300 ml medical flats; which were then 

inoculated with agar discs covered with mycelia. The medical 

flats were then incubated at 22°C on their sides with their 

tops partially unscrewed as described in Section 2.1.1.1.c.

d. Addition of TnBTO

TnBTO was added to the appropriate medical flats under aseptic 

conditions to a final concentration of 5.0 ppm. This addition 

was carried out at two points throughout the fungal growth curve; 

at days 4 and 14.

c. Addition of medium to medical' flats, inoculation and incubation
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e. Sample times

Samples were taken 7 days after each TnBTO addition.

f. Tin analysis and speciation

On the given sample days the mycelium was separated from the 

culture medium using a fine nylon mesh. The mycelium was 

vigorously ground in a pestle and mortar for ten minutes, in 

the dark, with 20 ml dichloromethane + 0.05% tropolone to 

extract the butyltin species which were separated using the 

chromatographic method described in Section 2.4.1.j.

Selected mycelium samples were wet-ashed and their total tin 

levels quantified directly as in section 2.4.1.j. Similarly, 

growth medium sample butyltin compounds were extracted and semi- 

quantitatively determined using the paper chromatography method 

described in Section 2.4.l.j.
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2.5.2. Results

a. Chromatographic speciation of butyltin compounds.

Following the techniques described in Section 2.5.1.f. results 

summarised in Table 20 were obtained in respect of the 

presence or absence of butyltins in the growth medium and/or 

mycelium.

Tin was found to be associated with the mycelium and also in the 

liquid growth medium of all samples. Some difficulty was experienced 

in the semi-quantitative determination of relative levels of 

butyltin compounds within a sample due to the similarity of spot 

intensities (except where trace amounts were clearly indicated 

by faint spots).

C. versicolor 28A showed no detoxification after 7 days when TnBTO 

was added to primary metabolic cultures (4 day samples). Trace 

levels of the dibutyl compound appeared, however, after 7 days 

when TnBTO was added to secondary metabolic cultures (14 day 

samples) in both the mycelium and liquid culture medium extracts.

C. versicolor 28C had trace dibutyltin levels in the 4 day samples 

for both mycelium and liquid growth medium but tributyltin levels 

were higher in liquid medium extracts. 14 day mycelium samples 

showed traces of monobutyltin compound in two out of three replicates 

and also higher tributyltin levels than the 4 day sample. The 

14 day liquid growth medium sample did not differ from its 4 day 

equivalent.
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C. versicolor 28G 4 day samples showed tributyltin only in

both mycelium and liquid medium extracts, this was also the case 

in the one replicate of the 14 day sample (the other two being 

directly quantified - see Table 21).

P . ostreatus 40C 4 day samples showed only trace levels of

tributyltin compound associated with the mycelium and higher 

levels of tributyltin compound only, in the liquid medium. The

14 day samples showed tributyltin to be associated with the 

mycelium and the liquid medium. In addition, trace dibutyltin 

levels were found to be associated with the mycelium (two replicates 

were directly quantified - see Table 21).

G. trabeum 108E 4 day samples showed tributyltin to be associated

with the mycelium and also to be present in the liquid medium.

The same was true of the 14 day samples.

L. lepideus 4 day samples showed trace levels of tributyltin to 

be associated with the mycelium in two out of three replicates.

A higher level was found in the liquid medium. The 14 day 

samples showed tributyltin only, to be associated with the mycelium 

and also in the liquid medium.

b. ETA/AAS analysis

Following the techniques described in Section 2.5.1.f. results 

summarised in Table 21 were obtained in respect of total tin 

levels associated with secondary metabolic mycelia; measured by 

ETA/AAS analysis.

All three organisms showed mycelial tin levels of between 0.3 to 

0.5 of the total tin in the liquid culture medium.
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Organism
Presence or absence of tin compound

mycelium liquid medium
tri- 1 di- mono- tri- di- mono-

a '+ - - + - -
4 b + - - + - -

Cv 28A c + - - + - -
a + trace - + trace -

14 b + trace - + trace -
c + trace - + trace -
a trace trace - + trace -

4 b trace trace - + trace -
Cv 28C c trace trace - + trace -

a + trace trace + trace -
14 b + trace trace + trace -

c + trace - + trace -
a + - - + - -

4 b + - - + - -
Cv 28G c + - - + - -

a + - - + - -
14 b

c
a trace - - + - -

4 b trace - - + - -
Po 40C c trace - - + - -

a + trace - + - -
14 b

c
a + - - + - -

4 b + - - + - -
Gt 108E c + - - + - -

a + - - + - -
14 b

c
a trace - - + - -

4 b + - - + - -
LI c trace - - + - -

a + - - + - -
14 b + - - . + - -

c + - - + - -
No TnBTO controls for
all organisms - - - - - -

5.0 ppm TnBTO control +

Table 20

Table to illustrate the presence or absence of tin compounds 

in both the mycelium and extracellular liquid culture medium 

of the six test organisms (3 replicates per organism per 

sample day).
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Organism Total tin analysis of mycelium 
(ug Sn)

C. versicolor 28G 14 b) 135
14 c )

No TnBTO control 0

P. ostreatus 40C 14 b) 1 0 0
14 c )

No TnBTO control 0

G. trabeum 108E 14 b) 140
14 c )

No TnBTO control 0

Table 21

Table of total tin levels associated with the mycelium 

of the secondary metabolic cultures of three selected 

test organisms (N.B. levels compare with 330 ug Sn 

originally added to the combined culture samples).
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2.5.3. Discussion

2.5.3.1. Discussion of methods

In Section 2.1.3.1. the basic growth culture methods have been 

discussed. The chromatographic speciation of butyltins and 

ETA/AAS analysis methods have been discussed previously (Section

2 .4 .3 .1. ).

Three types of versicolor and ostreatus 40C were selected 

as exmaples of White-rot fungi. Since versicolor 28A had 

previously been shown to be the most efficient inactivator of 

TnBTO under the same experimental conditions, it was decided to 

examine a wider range of White-rot fungi in order to gain more 

information concerning the nature of the observed inactivation of 

TnBTO in Section 2.1.

G. trabeum was chosen due to tis common metabolic features with 

White-rot fungi (Kirk e_t. al., 1975) - it is in fact a Brown-rot. 

L. lepideus also a Brown-rot was chosen due to the ability of its 

spores to germinate on Scots Pine heartwood. It must, therefore, 

have some ability to cope with complex organic groups and perhaps 

TnBTO.

2.5.3.2. Discussion of results

This study has shown tin to be associated with the mycelium in 

stationary liquid culture for all the fungi tested during both 

primary and secondary metabolism.
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All White-rot fungi except versicolor 28G showed detoxification 

under the experimental conditions and this agrees with the 

previous observations that White-rots appear to be the most 

efficient detoxifiers. The general trend (Table 20) was for 

the mycelial tin levels of primary metabolic cultures to be 

somewhat lower than those of 14 day samples. Whether this was 

simply due to lower mycelial dry weights is not clear but since 

this was not a primary objective of the experiment it was decided 

to concentrate limited analytical resources on secondary metabolic 

cultures since previous experience identified this as the period 

of maximum detoxification.

It is now clear that tin becomes associated with the fungal 

mycelium. This is not surprising due to the affinity shown by 

tributyltin compounds for adsorbing onto organic matter. (Dr.R.Hill 

(pers.comm.)).

Below a threshold level of tributyl compound (the toxic limit) 

the organism will either attempt to detoxify the compound or 

tolerate it or a combination of both. The fungus may, therefore, 

use the adsorption of tributyltin compound onto extracellular 

mucilage (thus isolating the organotin compound) as a tolerance 

mechanism.

Detoxification is clearly occuring in the case of the White-rot 

fungi (except C •_ versicolor 28G) to a greater degree than the 

other fungi. An increased loading of extracted sample onto the 

chromatography paper may have revealed trace levels of dibutyltin 

compound with these other fungi so they may have been detoxifying 

to a lesser extent.
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Mycelial dry weights were not recorded during the course of this 

study. A visual estimation of growth, however, showed that all 

fungi increased in quantity over the growth-curve time period 

(control cultures in the absence of TnBTO were very much greater 

in apparent mycelial mass), this implies a tolerance of TnBTO 

under the experimental conditions by all the fungi.

This work provides further evidence of White-rot detoxification 

of TnBTO in liquid culture and demonstrates the phenomenon of 

adsorption of TnBTO onto fungal mycelia.
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2.6 Assay of tributyltin compounds for detoxification in a

White-rot enzyme mimic system

The objective was to assay a range of tributyltin compounds 

for detoxification in a White-rot enzyme mimic system. The 

assay system was developed from the work of Harvey ^t. al.,

(1985) who used the assay in work concerned with elucidation 

of the molecular mechanism of degradation of the ligno-cellulose 

complex by the White-rot fungus P^ chrysosporium.

Section 2.2 showed P_̂  chrysosporium to produce the greatest 

levels of free-radical/peroxidase and Section 2.4 showed that 

P . chrysosporium is capable of detoxifying TnBTO. The chemical 

system used in this study is thought to mimic the molecular 

mechanisms of attack initiated by P_̂  chrysosporium derived peroxidase.

A range of anionic groups were used to determine whether the 

attached anion had any effect on the detoxification of 

tributyltin compounds, as suggested in Section 2.3 for OH* attack.

2.6.1. Materials and methods

a. Test compounds

The following compounds were tested:

TnBTO

TBTN

TBT acetate 

TBT phenoxide 

TBT chloride 

TBT isothiocyanate

139 -



TnBT sulphide 

TBT ethanesulphonate 

TBT - 2 chlorobenzoate 

TBT - 2 nitobenzoate 

TBT benzoate

TBT 8-hydroxyquinolinolate 

TBT laurate 

TBT stearate 

TBT o-cresol 

TBT m-cresol

Tetraethylammonium - tributyldichlorostannate 

Benzyltributylammonium-tributyldichlorostannate

Compounds were supplied by Dr. R. Hill (ITRI)

b. Reaction system and analysis

The system was based on the single-electron transfer reagent : 

tris(phenanthroline) iron (III); (FeCphen^CPF^)^ or, Fe(phen)g ) 

which was dissolved in 1 ml acetone to a final concentration of 

4mM. The tributyltin compound, was added to this to a final 

concentration of ImM. This was left in the dark for 24 hours 

at room temperature. Samples were then withdrawn and separated 

for butyltins using the reversed-phase paper chromatography 

technique (Section 2.4.I.J.); the sample being spotted directly 

onto the paper.

The 18 compounds were compared semi-quantitatively for 

detoxification by comparing the developed papers.
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The molecular formulae of compounds tested were as follows

BU3 Sn 0 Sn BU3 TnBTO

R2Y niBU3 Sn 0 - Rj '--- »

based on naphthenic acid:

R
.c

/  \R C C R
1 1

R C C R (CH2)n C02  

where R=H or alkyl

TBTN

B u 3 SN OCCH3 TBT acetate

B u 3 Sn TBT phenoxide

BU3 Sn Cl TBT chloride

BU3 Sn NCS TBT isothiocyanate

(BU3 Sn) 2 S TBT sulphide
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BU3 Sn 0 SC>2 Et TBT ethanesulphonate

B u 3 Sn PC -AS— V  
Cl^

TBT-2 chlorobenzoate

Bu 3 Sn OCC5 H4 NO2 “ 2 TBT-2 nitrobenzoate

«
Bu 3 Sn O C ^ O S TBT benzoate

.N(0 )  
BU3 Sn v-<c§> TBT 8-hydroxyquinolinolate

1
Bu 3 Sn OCCj1 H2 3 TBT laurate

0nBu 3 Sn 0 CC^ 7 H3 5 TBT stearate

Bu 3 Sn OC5 IfyMe - 2 TBT O-cresol

Bu 3 Sn 0C6 H4Me - 3 TBT M-cresol

[NEt4 ] [Bu 3 Sn Cl2] Tetraethylammonium-tributyldichloro-
stannate

[C5 H5 CH2N Bu3] [Bu3 Sn Cl2] Benzyltributylammonium-tributyldichloro- 
stannate
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2.6.2. Results

a. Chromatographic speciation of butyltin compounds.

Following the technique described in Section 2.6.1.b. results 

summarised in Table 22 were obtained in respect of debutylation 

of tributyltin compounds in the presence of a single electron 

oxidiation reagent.

TBT phenoxide, TBT 8-hydroxyquinolinolate, TBT o-cresol 

and TBT m-cresol were the only tributyltin compounds that 

were shown to be stable under the reaction conditions.
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COMPOUND Butyltin Species
tri- di - mono-

TnBTO + + -
TBTN + + -
TBT acetate + + -
TBT phenoxide + - -
TBT chloride + + -
TBT isothiocyanate + + -
TnBT sulphide + + -
TBT ethanesulphonate + + -
TBT-2-chlorobenzoate + + -

TBT-2-nitrobenzoate + + -
TBT benzoate + + -
TBT 8-hydroxyquinolinolate + - -
TBT laurate + + -
TBT stearate + + -
TBT o-cresol + - -
TBT m-cresol + - -
Tetraethylammonium-tributyldichlorostannate + + -
Benzyltributylammonium-tributyldichlorostannate + + -

TABLE 22. Table showing qualitative evidence of
debutylation of different tributyltin compounds 
in an Fe(phen)3-f. system.

Oj.Controls (no Fe(phen) 3 ) showed no detoxification.
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2.6.3. Discussion

2.6 .3.1. Discussion of methods

O iFe (phen)^ is a known single electron transfer reagent 

(Schlesener et.al., 1984a; Schlesener et.al., 1984b) and 

Harvey et.al., (1985) have proposed that the peroxidase-type 

enzyme isolated from chrysosporium works by a single 

electron transfer mechanism involving free radical cation 

intermediates as follows

substrate + Fe (phen)j^+ ■ ■ s substrate + * + Fe(phen)«^+

O I(The Fe(phen) 3  may further react with the radical cation).

The reaction system used in this study was formulated following 

discussions with Dr. P. Harvey (pers. comm.) and has been 

developed from similar work concerned with the molecular mechanism 

of fungal degradation of the ligno-cellulose complex.
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2.6 .3.2. Discussion of results

A group of tributyltin compounds that have increased stability 

to single electron oxidation have been identified. The relation 

of molecular structure to tin-carbon (Sn-C) bond stability appears 

to be important and there the common feature to the stable 

compounds, not found in the others is the proximity of molecular 

ring structures to Su-butyl chain bonds.

It seems likely that resonant stabilization is important in 

protecting the Sn-C bond since in all other tributyltin compounds 

tested there is either a carboxyl group isolating the anionic 

ring structure or no ring structure at all. The extent to which 

the anionic group can attract electrons towards itself, therefore, 

seems to be important in determining stability to single electron 

oxidation.

These observations could lead to the development of improved 

organotin biocides which are less susceptible to free-radical 

attack.
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2.7. Assay of TnBTO for detoxification in an in vitro
White-rot enzyme system

The objective was to assay an enzyme isolated from the White-rot 

fungus P^ chrysosporium for the ability to detoxify TnBTO in 

vitro. The mimic system used to detoxify TnBTO in Section 

2 .6 . is thought to operate by the same molecular mechanism as 

this enzyme (Harvey et.al., 1985) so it seemed logical to 

determine whether this peroxidase enzyme from P_̂  chrysosporium 

could detoxify TnBTO. This evidence would add considerable 

weight to the theory that TnBTO can be detoxified by single 

electron oxidation by White-rot fungi.

2.7.1. Materials and methods

a. Reaction system

The reaction system was aqueous and the final concentration 

of TnBTO was 4.0 mM. This was added in ethanol with 4.0mM 

p-dimethoxybenzene (the final ethanol concentration was 1 %).

The system was buffered using a citric acid/Na2 HP0 4 0.02M 

buffer at pH 2.75 in 1.0 ml reaction volume at 25°C.

The enzyme was a peroxidase type enzyme supplied by Dr. P. 

Harvey (Imperial College) and isolated from P^ chrysosporium 

(the same organism used in section 2.4). Enzyme activity was 

0.756 units/ml and a 10 ul sample was added to the reaction 

system. Finally 2.0 mM H2 O2 was added followed by a further 

2.0mM H2 O2 after one hour. The reaction system was then 

left for 24 hours at room temperature, in the dark.
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The procedure may be summarised as follows

TnBTO/DMB/ethanol + buffer + enzyme + H2 O2  

(added first) (added last)

controls were included to test for omission of DMB, enzyme and

H202.

b. Analysis

Extraction of the butyltins was carried out using dichloromethane 

as described in Section 2,4.l.j. and analysis was carried out 

using the chromatographic method described in Section 2.4.1.j.
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2.7.2. Results

a. Extraction and chromatographic speciation of butyltin 

compounds.

Following the technique described in Section 2.7.1.b. results 

summarised in Table 23 were obtained in respect of evidence 

for debutylation of different tributyltin compounds in an 

in vitro White-rot enzyme system.

It will be seen that p-dimethoxybenzene (DMB) was necessary to 

cause debutylation of TnBTO by the enzyme and H2 O2 in the 

reaction system.
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Reaction system Butyltin Compounds
tri- di- mono-

TnBTO + DMB + enzyme + H2 O2 + + -

TnBTO + enzyme + H2 O2 + - -

TnBTO + DMB + H2 02 + - -

TnBTO + DMB + enzyme + - -

Table 23

Table showing qualitative (presence+ or absence-) 

evidence of debutylation of different tributyltin compounds 

in an iji vitro White-rot enzyme system.
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2.7.3. Discussion

2.7.3.1. Discussion of methods

The reaction system used in this study was formulated following 

discussions with Dr. P. Harvey (Imperial College) and has been 

developed from similar work concerned with the molecular 

mechanism of fungal degradation of the ligno-cellulose complex. 

It was necessary to form an emulsion using ethanol since the 

enzyme requires aqueous conditions in which the TnBTO would be 

insoluble.

2.7.3.2. Discussion of results

DMB is known to form a relatively stable radical intermediate 

before decomposing to form the quinone (Kersten, 1985). It 

seems likely, therefore, that the radial cation formed as a 

result of enzyme action on the DMB (and also veratryl alcohol 

- see veratryl alcohol production data in Section 2.2.2.C. - 

note its molecular similarity to DMB) is responsible for TnBTO 

debutylation and that the enzyme cannot attack TnBTO directly. 

Indeed, this situation can be compared to the postulated role of 

the enzyme in the degradation of the ligno-cellulose complex 

where it is thought to act on fungal secondary metabolites (eg 

veratryl alcohol), thus, forming reactive free-radical cations 

by the mechanism of single electron transfer (Harvey et.al., 1985)
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The similar molecular structures of DMB and veratryl
alcohol (VA) are shown below.

OH

2HC

OCH3 V ^ ^ och3

OCH3 OCH3

VA DMB

A simplified reaction scheme proposal for iji vitro White-rot 

enzyme debutylation of TnBTO is postulated below.

(NB: Nicholls (1985) has shown that the DMB intermediate

is cycled when it reacts with KTBA (i.e. instead of 

the enzyme in the above scheme) to form ethylene).

It may be concluded from this work that a White-rot enzyme 

capable of producing free-radical cations can detoxify TnBTO.

TnBTO

debutylation
(ox)
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2 .8 . Assay of tributyltin compounds for detoxification in a

hydroxyl free-radical generating system

The objective of this work was to determine whether detoxification 

of tributyltin compounds due to free-radical cations (as described 

in Section 2.6) followed the same pattern as that due to hydroxyl 

free-radicals. These were initially used in Section 2.3 where 

the concept of different anions confering different stabilities 

to radical attack was first postulated).

2.8.1. Materials and methods

a. Organotin Compounds (See Section 2.8 .3.1.)

The following compounds were tested:

TnBTO

TBTN

TBT phenoxide (TBTP)

TBT 8 -hydroxyquinolinolate (TBTQ)

b. Reaction system and analysis

The system used was the Fentons system method developed 

in Section 2.3.1.1.b. Analysis was via extraction in 

dichloromethane and the reversed phase paper chromatographic 

method described in section 2.4.1.j. Each organotin compound 

system was replicated six times and three ’no 1 1 2 0 2 *, ’no 

Fe/EDTA’ and ’buffer only' controls were set up for each organotin 

compound.
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2.8.2 Results

a. Chromatographic speciation of butyltin compounds.

Following the technique described in Section 2.8.2.b. results 

summarised in Table 24 were obtained in respect of evidence 

of debutylation of tributyltin compounds in an OH* generating 

system.

TnBTO showed a more complete debutylation than the other three 

organotin compounds which showed trace levels of dibutyltin 

in the case of TBTN and no breakdown for TBTP or TBTQ. Only 

TnBTO was degraded to monobutyltin under the reaction conditions. 

None of the controls showed any debutylation except in the 

case of TnBTO where trace levels of dibutyltin compounds were 

observed in the 'no H202? and 'no Fe/EDTA' controls.
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COMPOUND Butyltin Species

tri- di- mono-

TnBTO trace + trace

TBTN + trace -

TBTP + - -

TBTQ + - -

Table 24

Showing qualitative evidence of debutylation of different 

tributyltin compounds in an 0H« generating system.

Controls (no H2O2; no Fe/EDTA) showed no debutylation 
except in the case of TnBTO where trace levels of 

dibutyltin were observed.
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2.8.3 Discussion

2.8.3.1. Discussion of methods

Methods of hydroxyl free-radical generation have previously 

been discussed in Section 2.3.3.1.

TBTP and TBTQ were used because they had both been shown to 

be stable to single electron oxidation in Section 2.6 and 

stability to OH* attack would add further evidence to the 

elucidation of mechanisms of stability of tributyltin compounds 

depending on anionic group.

TnBTO was known to be unstable to OH* from Section 2.3 as was 

TBTN. They were included in this study, however, as a useful 

comparison with the other two tributyltin compounds.

2.8.3.2. Discussion of results

Further evidence is presented here for the role of the anion 

in determining the susceptibility of tributyltin compounds to 

free-radical attack first illustrated in Section 2.3. It has 

been established that the OH* is causing debutylation in 

this system and these results confirm substantially the increased 

stability of TBTP and TBTQ demonstrated in Section 2.6. They 

have, therefore, been shown to be more stable than TnBTO asnd 

TBTN to both free-radical cation attack and hydroxyl free-radical
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attack. It is necessary to consider the molecular mechanism 

by which this is occuring in order to understand the apparent 

stability of certain organotin compounds. (N.B. the trace 

levels of dibutyltin compound present in the TnBTO controls 

were very much lower than those obtained in the complete 

Fenton’s system. It is not, however, clear why this very low 

level breakdown occurred).

Kimmel et.al., (1977) has proposed a possible mechanism of 

TnBTO debutylation via hydroxylation of a carbon-hydrogen bond 

in the alkyl chain, caused by the cytochrome P-450 monooxygenenase 

enzyme in mammalian liver mitochondria. The resulting compound 

is unstable and breaks down to give less toxic derivatives.

The mechanism by which OH* caused debutylation may be the 

same. It is not clear, however, how the attached anion could 

influence such a reaction to the same degree as it could influence 

Sn-C bond reactivity (as discussed in Section 2.6.3.).

Thus, the stability of tributyltin compounds to free-radical 

attack has been shown to be related to the attacked anion.

Organotin compounds exhibiting greater stability than TnBTO 

to free-radical cation attack have also been shown to exhibit 

greater stability to OH* attack.
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2.9. Assay of Coriolus versicolor and Sistotrema brinkmannii

for TnBTO and TBTP detoxification in stationary liquid culture

The objective of this work was to test TnBTO and TBTP (a 

tributyltin compound found to be more stable than TnBTO (Sections 

2.6 and 2.8)) against two wood colonizing fungi in stationary 

liquid cultures. versicolor has been shown to be an efficient 

detoxifier of TnBTO (Section 2.1 and 2.5) and the S, brinkmannii 

sample was isolated from a TnBTO treated window joinery field 

trial (le Poidevin (pers.comm.)).

Baker et. al., (1979) showed S_̂  brinkmannii to be a TnBTO 

tolerant early coloniser of timber and Orsler and Holland (1982) 

showed that culture filtrates of S^ brinkmannii could degrade 

TnBTO. The ability of either organism to degrade TBTP in 

liquid culture was, therefore, of considerable interest in 

assessing its apparent increased stability to free-radical 

attack (from Sections 2.6 and 2.8).

A further objective was set quantitatively to determine 

butyltin levels using a thin-layer chromatographic technique 

followed by scanning densitometry in an attempt to improve 

the accuracy of the quantification.
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2.9.1. Materials and methods

a. Test organisms

The 2 test organisms used were:

Corrolus versicolor 28A PRL

Sistotrema brinkmannii obtained from J. le Poidevin

(Imperial College), a basidiomycete 

isolated from a TnBTO treated L-joint 

field trial (1985).

b. Preparation of liquid culture media, inoculation and incubation

The two fungi were grown as stationary liquid cultures in 

medical flats. Liquid media, inoculation by agar discs and 

incubation at 22°C are described in detail in Section 2.2.1.

C. versicolor was grown in the White-rot medium and brinkmannii 

was grown in the Brown-rot medium described in Section 2.2.1.

c. Addition of TnBTO or TBTP and sample times

The tributyltin compounds were added in acetone (final acetone 

concentration 0.4%) to a final concentration of 5.0 ppm to ten 

day old cultures which were incubated for either another 7 or 

14 days (6 replicates per treatment, with 'organotin compound’ 

and ’no organism' controls).

d. Mycelial dry weight measurement

This was carried out by separating the mycelia from the liquid 

growth mediums by filtration and drying at 60°C as described 

in Section 2.1.1.1.h.
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e. Extraction of butyltin compounds from the growth media

Butyltin compounds were extracted from the liquid growth 

media using dichloromethane as described in Section 2.4.1.j.

f. Quantification of butyltin levels by thin layer 

chromatography followed by scanning densitometry

The chromatographic method employed in this experiment was a 

thin layer technique based on the method of Ohlsson and Hintze

(1983). 5ul volumes of 24 day samples containing approximately 

80 ug tin were spotted onto the TLC plate at 2 cm intervals, 2 

cm from the plate base line. The plate was then developed in 

cyclochexane/acetone/acetic acid, 39 : 6 : 1, (v/v) for one 

hour and then sprayed with 1% (v/v) solution of catechol violet 

in 95% ethanol and left exposed to daylight for one day.

Plates were then placed in a 'Shimadzu* scanning densitometer 

and the butyltin spots were measured at 577 nm. Scanning was 

carried out perpendicular to the direction of chromatography. 

Standard graphs for tributyltin-, dibutyltin- and monobutyltin 

compounds were also prepared.
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2.9.2. Results

a. Mycelial dry weight

Following the technique described in Section 2.9.l.d. results 

summarised in Table 25 and Figs. 23a and b and 24a and b were 

obtained in respect of mycelial dry weight.

In the case of versicolor, TBTP caused significantly lower 

mycelial dry weights at both days 17 and 24. No significant 

difference was found between the two organotin compounds, 

however, in the case of brinkmannii mycelial dry weights on 

either sample day. Both sample days showed significantly 

lower mycelial dry weights than 'no organotin compound controls'. 

Under the experimental conditions, versicolor controls 

resulted in greater mycelial dry weights than S±_ brinkmannii 

and this difference was reflected in organotin compound treatment 

data.

The percentage reduction in mycelial dry weight (relative to 

control dry weight) is a useful indication of the degree to 

which the organotin compound may be affecting the organism.

TBTP had a greater effect on (\_ versicolor than TnBTO resulting 

in an approximate doubling of the % reduction in the case of 

TBTP on both sample days. TBTP, however, caused slightly 

lower % reductions than TnBTO, in the case of Sj_ brinkmannii.

The relative proportions of % reductions in mycelial dry weight 

did not change markedly from day 17 to 24 (i.e. versicolor 

plus TBTP resulted in a reduction of approximately 45%, whilst 

in the case of TnBTO the reduction was approximately 23% on 

both sample days).
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Organism Organo-
tin

Dry weight i  S.E. 
____________ (8)_______________

% reduction 
relative to 
control dry wt.

Com
pound Day 17 Day 24 Day 17 Day 24

C. versicolor TnBTO 0.215 ±  .015 0.257 ±  .030 20 25

C. versicolor TBTP .140 ±  .017 0.200 ±  .019 49 42

S• brinkmannii TnBTO 0.073 ±  .005 0.089 ± .008 42 38

S. brinkmannii TBTP 0.083 ±  .011 0.104 ±  .009 34 28

C. versicolor - 0.274 ±  .011 0.344 ±  .031 - -

S. brinkmanii - 0.126 + .006 0.144 ±. .017 - -

Table 25

Table to show dry weights of fungi 

compared to controls) one week and 

of 5.0 ppm TnBTO or TBTP to 10 day 

cultures.

(and % reductions

two weeks after addition

old stationary liquid
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Fig. 23b. S. brinkmannii

. 23a & b. Graphs of mean mycelial dry weights of C. versicolor 
following the addition of 5.0 ppm TnBTOor TBTP to 
10 day old stationary liquid cultures (3 replicates 
per mean), 95% confidence limits.
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Fig. 24a. TnBTO

Figs. 24a & b. Histograms of % reduction in mean mycelial dry 
weights of C. versicolor and brinkmannii 
when either 5.0 ppm TnBTO or TBTP was added at day 
10 to stationary liquid cultures and left for 
either 7 or 24 days.
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b. Detoxification (TLC followed by scanning densitometry)

Following the technique described in Section 2.9.1.f. results 

summarised in Tables 26 and 27 and Fig.25 were obtained in 

respect of quantitative levels of butyltin compounds following 

fungal detoxiofication of either TnBTO or TBTP.

Recovery of tin from the growth medium was found to be between 

85 and 96%. The unextracted tin components could be monobutyl 

compounds which have a decreased solubility in organic solvents 

compared to di- and tri- compounds. Increasing the proportion 

of tropolone in the extracting solvent may solve this problem 

although it is unlikely that 100% extraction could be achieved 

and some small losses are inevitable.

The greatest level of tributyltin and the lowest levels of di- 

and monobutyltin compounds was found with versicolor plus 

TBTP. C. versicolor plus TnBTO, however, resulted in the lowest 

level of tributyltin and the highest levels of di- and monobutyltin 

compounds. There was not such a great difference between TnBTO 

and TBTP with S_»_ brinkmannii; levels of tri-, di- and monobutyltin 

compounds being roughly equivalent for TnBTO and TBTP. In 

general, S_̂  brinkmannii did not detoxify TnBTO to the same extent 

as Ĉ _ versicolor and detoxified TBTP to approximately the same 

extent as C. versicolor.
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Butyltin
Compound

Peak area mm^
10 ug 30 ug 50 ug 70 ug

tri- 29 50 62 68

di- 38 67 80 88

mono- 23 35 42 44

Table 26

Table of standard scanning densitometer 

curves for tri-, di-, and monobutyltin 

compounds.
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ug Sn Total % Sn
tri- di- mono- Sn(ug) recovery

C. versicolor + TBTP 61 7 - 68 85

C. versicolor + TnBTO 29 32 12 73 91

S. brinkmannii + TBTP 57 15 5 77 96

S. brinkmannii + TnBTO 52 13 4 69 86

Table 27.

Table to show quantitative levels of butyltin compounds 

following detoxification of either TnBTO or TBTP by 

C. versicolor or brinkmannii (5.0 ppm toxin 

solution in a liquid growth medium over a period of 

24 days - toxin added to 10 day old cultures).

Values calculated from scanning densitometer 

calibration curves.
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2.9.3. Discussion

2.9.3.1. Discussion of methods

Basic growth culture methods have previously been discussed 

in Section 2.1.3.1.

Initial chromatographic work employed the reversed-phase technique 

of Williams and Price (1964), whereby suitable aliquots of the 

sample are spotted onto chromatography paper (Whatman No. 1), 

presoaked in a 2-phenoxyethanol solution and air-dried; separation 

being achieved using a solution of 2,2,4-trimethylpentane.

Owing to the relatively low concentration of breakdown products 

(di- and monobutyltin compounds), high loadings are required to enable 

detection. This results in spreading across the chromatography 

paper and loss of resolution. The Thin-layer technique used in 

this study permits higher loadings whilst still maintaining small 

spot diameters, thus increasing accuracy since low levels of 

detoxification are more likely to be seen.

2.9.3.2. Discussion of results

The greatest detoxification occurred in the case of TnBTO plus 

C. versicolor. This combination also resulted in the least 

percentage reduction in mean mycelial dry weight (compared to 

controls) and, thus, represents further evidence for the 

susceptibility of TnBTO to detoxification by White-rot fungi.
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This follows the findings in Section 2.1. where C. versicolor 

was found to be an efficient inactivator of TnBTO in stationary 

liquid culture; Section 2.4 where P^ chrysosporium was found to 

be an efficient detoxifier of TnBTO; Section 2.5. where C. 

versicolor and P_̂  ostreatus were found to be efficient detoxifiers 

of TnBTO and Section 2.7 where an extracted White-rot enzyme was 

found to detoxify TnBTO Jlii vitro.

C. versicolor produced significantly lower mycelial dry weights 

in the presence of TBTP together with much less detoxification 

(61 ug tributyltin compound against 29 ug tributyltin compound 

in the case of TnBTO), thus suggesting that it could be more stable 

to White-rot attack.

TnBTO appeared to be more effective against Sĵ  brinkmannii 

in terms of % reduction in mean mycelial dry weight. Appreciable 

levels of dibutyltin compound were found with this combination 

but the overall detoxification was much less compared with C. 

versicolor. S. brinkmannii does not, therefore, appear to be 

as efficient as versicolor at detoxifying TnBTO. S_̂  brinkmannii 

does seem to be equally efficient as versicolor at detoxifying 

TBTP where it produces relatively greater mean mycelial dry 

weights thus demonstrating its ability to grow in the presence 

of TBTP under the experimental conditions. Mean mycelial dry 

weight was, however, significantly lower than the mean control 

dry weight thus demonstrating the toxic effect of TBTP on

S. brinkmannii.

These results suggest that TBTP is less susceptable to 

detoxification under the experimental conditions employed.
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2.10 The effect of various wood substrates and constituent compounds

2 . 10 . 1 .

a.

on the stability of TnBTO

The objective of this work was to investigate the degradative 

effect of various wood substrates and constituent compounds on 

TnBTO in order to gain further information concerning the observed 

breakdown of TnBTO in freshly treated wood (Jermer et:. al.,

1985).

In addition, Orsler and Holland (1984b) have suggested that wood 

itself is of prime importance in degradation of TnBTO in timber 

and that free-radicals may be instrumental in the degradative 

mechanism.

Materials and methods

Wood substrates and constituent compounds.

Five samples of wood were heated under reflux in either 

a non-polar (n-heptane) or polar (propan-l-ol) solvent 

containing TnBTO. The refluxed solvent was analysed at 

varying intervals of time for the presence of degradation 

products of TnBTO.

The five samples investigated were:

Pine heartwood sawdust 

Pine sapwood sawdust

Pine sapwood hemicellulose (500-250 micron mesh size)

Spruce sapwood hemicellulose (500-250 micron mesh size)

Spruce milled wood lignin (500-250 micron mesh size)
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b. Reaction system

0.5g of each sample was placed in a 100 ml flask and 30 ml of 

solvent containing 5 mg TnBTO were added to each flask; a control 

solvent plus 5 mg TnBTO was included (approx. 0.3 mM final 

concentration of TnBTO). All samples and the control were refluxed 

for up to 60 hours; 1 0 0  ul was extracted for paper chromatographic 

analysis (see Section 2.4.1.j.) after 6 , 12, 18, 24, 36 and 60 

hours.
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2.10.2. Results

a. Refluxing with heptane (boiling point 97-99°C)

Following the technique described in Section 2.10.1.b. results 

summarised in Table 28 were obtained in respect of debutylation 

of TnBTO by wood constituents after refluxing with heptane.

After 6 hours refluxing there was no sign of degradation of TnBTO 

in any sample. After 12 hours, dibutyltin species were observed 

from pine heartwood only. Further sampling at intervals up to 

60 hours gave no apparent increase in the amount of dibutyltin 

species in the pine heartwood and no sign of degradation in the 

other samples.

b. Refluxing with propan-l-ol (boiling point 98°C)

Following the technique described in Section 2.10.1.b. results 

summarised in Table 29 were obtained in respect of debutylation 

of TnBTO by wood constituents after refluxing with propan-l-ol.

Dibutyltin species appeared after 12 hours in the pine heartwood 

and spruce milled wood lignin samples. After 18 hours, monobutyl 

species had appeared in the pine heartwood sample. Both dibutyl 

and monobutyl species were also found in the pine sapwood sample. 

After 24 hours, dibutyl species had appeared in the two hemicellulose 

samples and also in the control after 36 hours. No samples other 

than the pine heartwood and sapwood showed further debutylation.

After the initial appearance of the degradation product there was 

a slight increase in the apparent amount of that product with time.
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WOOD TYPE Reflux time (hours)
6 12 18 24 36 60

Pine heartwood - 0 0 0 0 0

Pine sapwood - - - - - -
Pine sap. hemicellulose - - - - - -
Spruce sap. hemicellulose - - - - - -
Spruce milled wood lignin - - - - - -
Control - - - - - -

Table 28.

Table to show appearance of dibultyltin species (0) and 

monobutyltin species (X) when TnBTO was refluxed with various 

wood types in heptane, over 60 hours.

WOOD TYPE Reflux time (hours)
6 1 2 18 24 36 60

Pine heartwood - 0 OX OX OX OX
Pine sapwood - - OX OX OX OX
Pine sap. hemicellulose - - - 0 0 0

Spruce sap. hemicellulose - - - 0 0 0

Spruce milled wood lignin - 0 0 0 0 0

Control - - - - 0 0

Table 29.

Table to show appearance of dibutyltin species (0) and 

monobutyltin species (X) when TnBTO was refluxed with various 

wood types in propan-l-ol, over 60 hours.
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2.10.3. Discussion

2.10.3.1. Discussion of methods

A standard reflux apparatus was used for this experiment.

The analytical method is discussed in Section 2.4.3.1. Wood 

substrate/constitutent compounds were obtained from stored samples 

held by the Department. The two solvents were selected to represent 

a ’non-swelling’ solvent (heptane) and a ’swelling' solvent 

(propan-l-ol).

The same experimental procedure could be used in future to 

examine the stability of tributyltin compounds having different 

anionic groups and also the potential of free-radical 

quenchers or antioxidant compounds.
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2.10.3.2. Discussion of results

The differences in the results obtained from refluxing with 

heptane and propan-l-ol implies that the alcohol is able 

to extract breakdown products of TnBTO more effectively than 

heptane. In addition, it is possible that the propan-l-ol is 

extracting an intermediate compound from the wood which reacts 

in solution with TnBTO. It is likely that the observed degradation 

of TnBTO is due to free-radical reactions, the heartwood and 

lignin samples providing the greatest free-radical sources as 

postulated by Orsler and Holland (1984b).

The tributyltin compounds that are more stable to free-radical 

attack (Sections 2.6 and 2.8) should be tested by refluxing with 

heartwood and milled-wood-lignin samples in addition to testing 

for breakdown in freshly treated wood.

This work confirms the earlier observations of Orsler and Holland 

(1984b) by demonstrating the capacity of wood substrates and 

constituent compounds to detoxify TnBTO.
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2.11. Assay of four tributyltin compounds against Coriolus versicolor,

Coniophora puteana and Gleophyllum trabeum using treated wood

blocks

The objective of this work was to assay TnBTO, TBTN and the 

tributyltin compounds found to be more stable against free- 

radicals (TBTP and TBTQ) against three wood colonising fungi 

using treated wood blocks. Cĵ  versicolor has been shown to be 

an efficient detoxifier of TnBTO (Sections 2.1, 2.5 and 2.9) 

and puteana and G._ trabeum have been shown to be less 

efficient detoxifiers of TnBTO. This was, therefore, a further 

opportunity to confirm previous results in addition to determining 

whether TBTP and TBTQ possessed any increased toxicity in relation 

to TnBTO and TBTN in treated wood. This toxicity factor, therefore, 

includes the effect of the anion attached to the tributyltin 

compound as a biocide and also the ease of breakdown of the 

different tributyltin compounds in freshly treated wood.
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2.11.1 Materials and methods

a. Compounds

The following compounds were used:

TnBTO : tributyltin oxide

TBTN : tributyltin napthenate

TBTP : tributyltin phenoxide

TBTQ : tributyltin 8 -hydroxyquinolinolate.

(N.B. all fungi used were the same strains as used 

previously)

They were: Coriolus versicolor 28A PRL

Gleophyllum trabeum 108E PRL

Coniophora puteana H E PRL

The following methodology was developed from the European 

Standard (EN 113) (British Standards Institution, 1982).

b. Wood block preparation

3 x 1 x 0.5 cm blocks of Scots Pine sapwood were cut having 

2.5 to 8 rings per cm. They were then numbered and placed in

a 60°C over for 18 hours, cooled in a densicator and weighed (Mo).

c. Tributyltin solutions

0, 0.1, 0.5, 1.0, 2.5 and 5.0% w/w solutions of each tributyltin 

compound were made up in xylene.
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d. Treatment

Impregnation wood carried out in ascending order of concentration, 

starting with the solvent control. For each concentration the 

dry test specimens were placed in the treatment vessel and weighed 

down to prevent them from floating when the liquid entered the 

vessel. A vacuum of 7 mbar was firstly applied for 30 minutes.

The preservative solution was then drawn into the treatment vessel 

until specimens were completely covered by the solution. Next, 

air was admitted and the blocks left at atmosphere pressure for one 

hour. The test specimens were then removed one by one and excess 

liquid removed by light bloting with absorbent paper. Each block 

was then weighed (M^) to calculate uptake and any blocks outside — 15% 

of the mean uptake value were discarded. Blocks were then 

conditioned at room temperature for two weeks (covered during week 

1 to limit evaporation/volatilisation). Some replicates were also

placed in an 80°C oven for a further week.

e. Cultures

One week old cultures were used on 4% malt agar (mycelium covering 

surface of agar in petri-dish).
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f. Bioassay

Four replicate blocks were used for each petri-dish, and for 

each preservative concentration. They were exposed by placing 

onto the cultures (separated by sterile plastic netting). Four 

further replicates were not exposed to fungi. This system was 

then left for a six week period at 22°C, after which blocks 

were removed, mycelium scraped off and blocks re-weighed (M2 ) 

to assess moisture content. At this stage, test specimens were 

rejected if they had lost a mass of less than 3% which appeared 

abnormal in relation to moisture content, i.e. being waterlogged 

or having a final moisture content of less than 25% of its final 

dry mass, or showed signs of contaminating organisms. After 

drying at 60°C until constant weight, blocks were weighed again 

(M3).

Summary of calculations:

Preservative uptake (Kg.m“3) = wt.pres.soln.(M.-Mo) . X . 1000
wood volume (1.5cm^) 100 1

where x = preservative cone. (%)

Total wt. loss for assay

= initial dry wt.(Mn)-final dry wt.(Mp. 100 
Mq 1

Final moisture content check

= final wet wt.(M?) - final dry wt.(M^) . 100 
M3 1

All above weight measurements were recorded in grams, hence the 

conversion to kg m-3 by 1 0 0 0  multiplication factor.
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2.11.2. Results

a. Total weight loss

Following the technique described in Section 2.11.1.f. results 

summarised in Table 30 were obtained in respect of weight loss 

loss of treated wood blocks due to fungal attack.

The data showed virtually no weight loss in the 80°C, 1 week 

heat treated samples. In addition, losses were rarely significant 

above the 0.1% organotin compound concentration. The control 

weight losses were greatest in the case of C. puteana, followed 

by G. trabeum, followed by C. versicolor. At the 0.1% organotin 

compound level, however, C. versicolor produced the greatest 

weight losses with TnBTO and TBTN. C. puteana produced the 

greatest weight losses with TBTP and TBTQ.

b. Preservative uptakes

Following the technique described in Section 2.11.1.f. results 

summarised in Table 31 were obtained in respect of preservative 

uptakes of the wood blocks.

Values given are the mean of all test specimens for that concentration 

and that compound within i- 15% M^-M0 mean value.
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c. Toxic values

Following the technique described in Section 2.11,1.f. results 

summarised in Table 32 were obtained in respect of toxic values 

of the organotin compounds tested.

The toxic values of a preservative are expressed as the following 

two concentrations:

one corresponding to the lowest concentration 

protecting the wood;

the other corresonding to the concentration immediately 

below in the series used, at which the wood begins to be 

no longer adequately protected.

All compounds were equivalent in toxicity to C. versicolor at 

the 0.1 -0.5% level. TnBTO and TBTP were toxic to G. trabeum 

at 0.1% level, TBTQ at 0.1-0.5% and TBTN at 1.0-2.5%. TnBTO

was toxic to C. puteana at 0.1% and all other organotin compounds 

at 0.1-0.5%.
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Mean total weight loss (g) 1  S.E.
0 0.1% 0.5% 1.0% 2.5% 5.0%

Organism/ Organotin Organotin Organotin Organotin Organotin
Organotin Compound Compound Compound Compound Compound

G.trabeum 
TBTO * 0 0.15±0.13 0.15±0.18 0 0.0910.11 0

12.8315.91 0.29+0.34 0.03±0.06 0 0 0
TBTP * 0 0 0.22±0.27 0.09±0.011 0 0

12.83±5.91 0 0.14±0.27 0.11±0.14 0 0
TBTN * 0 0 0 2.50+3.04 0 0

12.83+5.91 0.42+0.36 4.51+3.62 3.01+2.99 0 0
TBTQ * 0 0.34±0.32 0.04±0.08 0.03±0.07 0 5.77111.55

12.83+5.91 0.48±0.10 0.08+0.15 0.04±0.08 0 0
C.versicolor
TBTO * 0 1.22±1.08 0.58±0.66 0 0 0

7.21±2.78 2.02±1.60 0.02±0.05 0 0.0310.07 0TBTP * 0 0.69±0.81 1.22+1.25 0.93+1.85 0.04+0.07 0
7.21±2.78 2.49±0.47 0.22+0.30 0.44±0.56 0 0

TBTN * 0 0 1.40+2.71 3.31±6.29 0 0
7.21±2.78 2.55±1.17 0.17±0.34 0 0 0'TBTQ * 0 0.15±0.12 0 0 0 4.6216.52
7.21±2.78 4.33±2.87 0.03±0.07 0 0.9lll.82 0

C.puteana
TBTO * 7.49±10.87 5.52±10.95 0.68±0.46 0 0 0

30.16±4.69 3.32±6.27 0.33±0.65 0 0 0TBTP * 7.49±10.87 0.44±0.87 8.26±9.6l 3.23+6.22 0 0
30.16±4.69 13.34±8.9l 0.10±0.20 0.58±0.85 0 0TBTN * 7.49+10.87 0 1.01+2.02 2.6713.09 0 0
30.16±4.69 6.32±5.39 5.44±10.88 7.49±12.98 0 0TBTQ * 7.49+10.87 2.39+4.38 0 0.0710.13 0 0
30.16±4.69 10.76±7.48 0.15±0.30 0 0 0

Table 30

Table of mean weight loss of wood blocks for each organism with each toxin at five 
concentrations (plus control), (N.B. * denotes heat pretreatment samples) each value 
is a mean of four replicates.



Organotin
Concentration

%

Mean preservative uptakes 

(Kg.m-3)
TnBTO TBTP TBTN TBTQ

0 . 1 0.330 0.258 0.276 0.334
0.5 1.709 1.314 1.548 1.587
1 . 0 3.258 2.525 2.923 3.260
2.5 8.331 6.551 7.984 7.984
5.0 17.960 13.645 16.470 16.909

Table 31

Table of mean preservative uptakes for each 

concentration. Values are the mean of all test 

specimens at the given concentration (within il 15% 

mean M^-M0)
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Toxic values
G. trabeum C. versicolor C. puteana

% Kg.ms % Kg.m-J % Kg.m-J
TnBTO 0.1 0.33 0.1-0.5 0.33-1.71 0.1 0.33
TBTP 0.1 0.26 0.1-0.5 0.26-1.31 0.1-0.5 0.26-1.31
TBTN 1 .0-2 .5 2.92-7.98 0.1-0.5 0.28-1.55 0 .1 -0 .5 0.26-1.55
TBTQ 0.1-0.5 0.33-1.59 0.1-0.5 0.33-1.59 0.1-0.5 0.33-1.59

Table 32

Table of toxic values for each organism with each organotin.

- 185 -



2.11.3. Discussion

2.11.3.1. Discussion of methods

The method used was a modified version of the European standard 

(EN 113) to determine the in-situ efficacy of the organotin 

compounds. The incubation period could perhaps have been 

increased from six weeks to 8 or 1 0  weeks in order to give 

a clearer indication of toxic values for the concentrations used.

Following the work of Jermer et. al., (1985) the heat treatments 

were designed to accelerate any degradation of the tributyltin 

compounds caused by the wood substrate and, hence, illustrate 

this and perhaps an increased stability of some compounds to 

this process. The results, however, showed zero weight losses 

for virtually all heat treated blocks - probably because their 

moisture content was too low to allow any fungal decay. This 

could have been remedied by an increased equilibration time 

between heat treatment and incubation of blocks with fungi.

186 -



2.11.3,2. Discussion of results

Previous experiments described in this thesis have shown that 

C. versicolor is a very efficient detoxifier of TnBTO. The 

total weight loss data again shows this to be the case (at 

0.1% concentration). It is interesting to note that at the same 

concentration there were no significant weight losses in the 

cases of puteana and trabeum despite the fact that these 

two organisms produced greater control weight losses under the 

incubation conditions. TnBTO was, therefore, effective against 

C. puteana and trabeum but not against versicolor.

In this series of tests versicolor produced statistically 

significant weight losses with all the organotin compounds but 

any conclusions must be tentative due to the low weight losses 

exhibited by the control blocks and the relatively high concentration 

range selected for organotin compound treatment. In order to 

illustrate any increased stability of TBTP and TBTQ a repeat 

experiment at lower organotin compound concentrations would be 

required coupled with an increased incubation period to ensure 

higher weight losses in the control blocks.
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3. G E N E R A L D I S C U S S I O N

Much evidence has been presented to indicate a link between fungal 

extracellular free-radical production and ability to detoxify tributyltin 

compounds. In addition, published information suggests several likely 

sources of free-radicals in the in situ decay environment, all of 

which could cause detoxification of tributyltin compounds.

The precise origin of any hydroxyl free-radicals (0H-) in the 

extracellular medium of stationary fungal liquid cultures is unknown.

In some biological systems, however, it is known to arise from the 

interaction of superoxide (0 *2 ) with hydrogen peroxide in the iron- 

catalysed Haber-Weiss reaction or by a reaction similar to the Fenton 

reaction in which Fe (II) reacts with hydrogen peroxide. It is possible 

that an Fe (II) containing protein may also catalyse the generation 

of hydroxyl free-radicals from hydrogen peroxide.

A peroxidase type enzyme has been isolated from the White-rot fungus 

P. chrysosporium (Harvey et.al., 1985) which initiates single electron 

oxidation reactions by the formation of free-radical cations and data 

presented here shows that single electron oxidation by free-radical 

cations results in detoxification of some tributyltin compounds.

The ethylene assay (Section 2.2) cannot distinguish between different 

free-radical species (see Section 2.2.3) so it is not yet clear which 

are produced, in what quantities and under what conditions in fungal 

liquid cultures or in wood. A next logical step would, therefore, 

be to investigate peroxidase production by other wood colonising 

fungi especially the White-rot versicolor.
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Electron spin resonance techniques probably offer the optimum route 

for further investigation of breakdown products of organotin 

detoxification together with gas chromatography studies (Section 

2.3.3). Clearly, the possibilities for free-radical generation are 

greatly increased in wood due to the wide variety of organic groups 

making up the wood substrate which are attacked by wood decaying 

fungi. Further, it is clear that there is a high potential for free- 

radical production within undecayed wood and this may account for the 

immediate degradation of a proportion of tributyltin compound when it 

is impregnated into wood (Jermer et. al., 1983b). Hon et. al., (1980), 

however, has indicated that timber appears to contain few free-radicals 

but Ludwig (1971) has described the potential for free-radical 

generation within the lignin. Orsler and Holland (1984b) have described 

wood extractives as presenting a greater free-radical source, for example, 

autoxidation of phenols and the reaction of terpenes with oxygen to 

form hydroperoxides. Orsler and Holland (1984b) proposed free-radical 

degradation following contact between TnBTO and wood and found Scots 

Pine sapwood extracts to cause TnBTO degradation under reflux conditions. 

Data presented here shows the most rapid degradation of TnBTO by Scots 

Pine heartwood sawdust and Spruce milled wood lignin under reflux 

conditions. These two wood components are likely to present the 

greatest free-radical sources, thus, providing further evidence for 

free-radical degradation of TnBTO by the wood substrate.
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Koenigs (1972 & 1974) observed hydrogen peroxide production by cultures 

of a number of wood decomposing fungi and Forney et. al., (1982) 

observed hydrogen peroxide production in cell extracts of chrysosporium; 

by cytochemical staining of cells with diaminobenzidine (DAB) and 

showed that hydrogen peroxide production is localised in the periplasmic 

space of cells from ligninolytic cultures but not in cells from 

non-ligninolytic cultures. Thus, the evidence for H2 O2 production 

(and its indirect involvement in lignin degradation) by the White-rot 

fungus P. chrysosporium is very strong. There is, however, little 

evidence to support involvement of other oxygen species in lignin 

degradation (Crawford & Crawford, 1984). Evidence for OH* involvement 

in lignin degradation comes primarily from scavenger studies which 

are inconclusive because of questions of specificity. In addition, 

Faison and Kirk (1983) found that production of OH* did not correlate 

with ligninolytic activity of P^ chrysosporium and they proposed 

that H2 O2 plays an indirect role in lignin degradation. It is 

becoming clear that H2O2 may also play an indirect role in tributyltin 

degradation by White-rot fungi. There is, however, no reason to 

discount H2 O2 derived OH*, if any is produced. Clearly H2 O2  

will also be involved in tributyltin degradation if a peroxidase 

type enzyme is involved in free-radical cation production. Highley 

and Murmanis (1985) provide further evidence for H2 O2 production 

by White-rot fungi but raise doubts concerning its importance in 

Brown-rot fungal metabolism. This correlates with the observation 

that White-rot fungi are by far the most efficient detoxifiers of 

tributyltin compounds from data presented here, and also by Henshaw 

et. al. , (1978), Barug (1981) and Orsler and Holland (1982).
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In addition, White-rot fungi are known to be the most efficient lignin 

degraders (Kirk & Fenn, 1980). There are, therefore, strong parallels 

between ability to detoxify tributyltin compounds and ability to 

degrade the ligno-cellulose complex. This is not surprising due to 

the wide variety of intermonomer linkages in the lignin polymer, Adler 

(1977); implying that any fungal derived extracellular agents attacking 

lignin must be nonspecific and non-stereoselective. Many woods 

also contain a wide variety of naturally occuring toxic extractives 

(for example phenol and terpene type compounds) and any invading 

fungus must have a very general non-specific detoxification mechanism 

to cope with such compounds. Any organic preservative molecule, 

clearly, falls into this category. Indeed, Bumpus et:.al., (1985) 

have shown that P, chrysosporium can degrade DDT (1.1-bis 

(4-chlorophenyl)-2,2.2-trichloroethane) and several other organohalides 

and concluded that this ability is dependent on the extracellular 

lignin-degrading enzyme system of the fungus.

The concept of metal bound active oxygen species has frequently been 

invoked to explain effects in complex biochemical reactions when 

'simple' active oxygen intermediates cannot account for the results 

obtained. Also metal-oxygen complexes have been proposed as the 

ultimate oxidising species in Fenton chemistry. A similar enzyme-bound 

metal-oxygen species is cytochrome P-4 5 o-monooxygenase where the 

oxygen is incorporated into a ferrous-enzyme complex which eventually 

leads to the hydroxylation of a wide range of lipophilic substances.

- 191



Indeed, the majority of experiments that have been undertaken

to trace the biochemical steps in trialkyltin degradation have utilised

microsomal preparations from mammalian liver mitochrondria (Casida et.

al., 1971; Fish et. al., 1975, and Kimmel et. al., 1977). The

metabolic pathway postulated for trialkyltin degradation suggests

that it is dependent on a cytochrome P-4 5 o monooxygenase enzyme

system (Fish ^t. al., 1976). The mechanism depends on reduced NADPH

and the presence of oxygen, and causes the hydroxylation of a carbon-hydrogen

bond in the alkyl chain. Carbon-hydrogen bond reactivity is directed

by the carbon-tin sigma electrons (Krusic and Kochi, 1971; Kawamura

and Kochi, 1972 and Lyons and Symons, 1972) and in the case of tributyltin,

the &  -hydroxy-dibutyltin compound is formed preferentially (Fish et.al.,

1976); it is unstable and breaks down to give much less toxic derivatives.

The extent to which fungal detoxification mechanisms parallel this, 

and the precise involvement of free-radicals in the mammalian 

system is, as yet, unknown. Clearly, any fungal mechanism requiring 

the action of NADPH would have to be intracellular or cell wall-bound 

in some way. Many possibilities, therefore, arise when considering 

the fungal detoxification mechanism.

Methods of control for the observed TnBTO degradation may be common 

for both biological and chemical degradation since evidence exists 

to suggest that both involve free-radical mechanisms.
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Clearly there is scope for the use of free-radical inhibitor/quencher 

compounds and also reducing the susceptibiity of the tributyltin 

compound to attack by altering its molecular structure. Experimental 

results obtained in this study suggests a role for the attached anion 

in determining the degree of detoxification in free-radical generating 

systems.

Wong and Kochi (1979) have demonstrated that single electron oxidation 

complexes react with tetraorganotins according to the following scheme

Kochi and his co-workers have carried out spin-trapping experiments 

on the free-radical intermediates involved in such reactions (Wong 

and Kochi, 1979; Gardner and Kochi, 1975; Chen ̂ t . al., 1976; and 

Chen and Kochi, 1977). It is probable, therefore, that tributyltin 

compounds are attacked in a similar way by free-radical cations produced 

as a result of the action of fungal peroxidase, i.e:

+
R4Sn + Fe(IIl)-^R4 Sn* + Fe(Il)

+ fast
^  R3 Sn+ + R*R4 Sn*

rase -f.
R* + Fe(III)--->(R ) + Fe(II)

fast

R3 compound R*
oxidant
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The stability of the Sn-C bond, therefore, determines the stability 

of the compound to this type of attack and experimental results 

from this study have shown the potential of resonant stabilisation 

due to choice of anion on the tributyltin molecule (Section 2.6), 

i.e. for resonant stabilisation:

This represents a potential route of investigation for producing more 

stable tributyltin compounds and further scope exists for anionic 

modification to incorporate free-radical inhibitor/quencher chemical 

species. It has also been demonstrated that the anion has an effect 

on the stability of the tributyltin compound in an OH* generating 

system. A possible mechanism of detoxification by OH* is likely 

to involve hydroxylation of a carbon-hydrogen bond in an alkyl 

chain (hydrogen abstraction) since OH* is very reactive with a 

variety of organic compounds and is known to participate in hydrogen 

abstraction reactions (Dorfman and Adams, 1973; and Walling, 1975). 

The degree to which anionic groups can affect this process is unclear.

The nature of the X group in an R3 S11X derivative generally has very 

little effect on the biological activity (Van der Kerk and Luijten, 

1954) unless, of course, X is itself biologically active, in which 

case the activity of the compound may well be enhanced: there is 

further scope for the modification of tributyltin compounds in this 

area Belford and Dickinson (1985) and modifications may be possible 

resulting in increased stability in conjunction with increased 

toxicity thus, perhaps requiring lower loadings and economic savings.

+

stable
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It has recently been shown (Blunden et.al., 1984), however, that in 

complexes where the X group results in the formation of a polymeric 

structure, or a five coordinate chelated monomer, a significant reduction 

in activity may occur; so such compounds should, clearly, be avoided.

The biological activity of triorganotin compounds is believed to be 

due to their ability to bind to certain proteins (Aldridge, 1978;

Davies and Smith, 1980; and Elliot et. al., 1979).

A further interesting aspect to this present study has been the distinction 

between tolerance of TnBTO and the ability to detoxify (Belford and 

Dickinson; 1985). fastigiata and A^ pullulans have both been 

shown to demonstrate a tolerance for TnBTO (Sutter, 1980; Dudley-Brendell 

and Dickinson, 1982) as has the Soft-rot organism globosum (Barug,

1981). This type of tolerance manifests itself as growth of the 

organism in the presence of TnBTO, not necessarily coupled with extensive 

detoxification, especially when compared with the detoxifying action 

of White-rot fungi and to a lesser extent Brown-rot fungi, which, 

incidentally, may not grow as well as tolerant organisms compared 

with controls. A situation can, therefore, be envisaged whereby 

micro-organisms capable of tolerating TnBTO levels (more-so than 

Basidiomycetes, perhaps) in treated-timber, following low level abiotic 

detoxification, may be able to colonise and grow. Subsequent low 

level biological detoxification may then reduce TnBTO levels to a 

point where wood-decaying Basidomycetes can successfully colonise.

This may then be coupled with an accelerated detoxification rate and 

wood decay. Mechanisms of tolerance not necessarily linked with 

detoxification also merit some investigation.
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Work described in this thesis has shown significant association of 

tributyltin with fungal mycelia in liquid culture systems, possibly 

due to a blocking of the toxin in mucilage; a problem that may be 

solved by increased toxicity. Further work to ascertain differing 

fungal metabolic responses to organotin compounds is, therefore, 

necessary.

Overall, however, the experimental work undertaken in this study 

confirms that TnBTO is susceptable to free-radical degradation and 

there is considerable evidence to suggest that triorganotin compounds 

having modified molecular structures eg. TBTP and TBTQ, would 

exhibit greater stability to such degradation due to resonant 

stabilisation of the carbon-tin bond. Notwithstanding the inconclusive 

results of the wood block tests, these compounds and others 

exhibiting stability to free-radical attack, are worthy of further 

study as potential components in wood preservative formulations.
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4. C O N C L U S I O N S

This study has facilitated a better understanding of the molecular 

mechanisms involved in the detoxification of tributyltin compounds as 

follows:

i) The White-rot fungi P̂ _ chrysosporium and C_̂  versicolor have 

been shown to produce high levels of extracellular free-radicals 

principally during their secondary metabolic growth phase.

ii) These fungi have been demonstrated to debutylate TnBTO in liquid 

growth media resulting in complete detoxification under certain 

experimental conditions.

iii) Chemically generated hydroxyl free-radicals and free-radical 

cations have been shown to detoxify TnBTO.

iv) A peroxidase enzyme isolated from the White-rot fungus

P . chrysosporium which is known to initiate free-radical cation 

reactions has also been shown to detoxify TnBTO.

v) Certain tributyltin compounds that are more stable to free- 

radical attack both in chemical systems and in fungal liquid 

culture have been identified.

This work could ultimately lead to the development of alternative 

organotin biocides with improved stability in relation to both biological 

and non-biological detoxification by free-radicals.
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