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Samples of Mytilis edulis (mussel) were co llec ted from coasta l siles. randomly selected on the 
soulh·eastern shores of Prince Edward Island and from simi lar loca tions on the southern shore of Cape 
B.rclon Island. Cuhiva tion of aliquols of tissue from these animals revealed a diverse funga l flora from 
which 49 culluresoflhe genus Trichodcrmawere iso lated. The number of propagules from which these 
cultures were derived was multip lied by a factor to reflect the dry weight of mu ssel lissue used in the 
isolation. A random sample of 29 iso lates from Ihis theoretical colleClion was then selected and it was 
found possible to cult iva te 28 of these in the laboratory. All nine isolates of Trichoderma hamatum, 
produced isocyanide metabolites. Improvements in the assay of these compounds are reported. 

Des echant illons de Mytifis edufis (Ia moulel ont ete collectionnes a locations cotieres choisies 
au hasard sur les cotes sud-est de I' lle Prince-Edouard et sur des lieux semblables sur la cote sud du Cap 
Breton. La cult ivat ion d'aliquotes de ces animaux a revele une flore va riee de moisissures desquelles 
49 cultures de ce genre ont ete isolees. Le nombre de propagules qui ant fait partie de ces cultures a 
ete muhiplie par un facteur afin de reflechir Ie poids sec du tissu de moule utilise dans celie isolation .. 
Un echantillon de 29 isolates de celte co llection theorique a ete choisi, et on a reussi a en culliver 28 
dans Ie laboratoire. Tous les neuf iso lates de Trichodeml<1 hamatum ont praduit des metabolirtes de 
I'isocyanure. On disc ute des ameliorations du titrage de ces composes. 

Introduction 

In 1987 there occurred 108 incidents of poisoning (i ncl uding 3 deaths) following 
human consumption of cultivated Mytilis edulis from Prince Edward Island (Bates et 
aI., 1989). As part of the investigation surrounding thi s toxic ity, the funga l floras of 
mussels from the affected areas were examined. Although no correlation between 
tox icity and the funga l flora was found, the diverse nature of the flora and, in parti cular, 
the predominance of Trichoderma spp. (Taylor, 1986) suggested an ecological 
examination of the populations of th is genus present in mussel ti ssues should be done. 
Accordingly, the south-eastern coastal region of Prince Edward Island was d ivided into 
adjacent 1 Km' areas, based on the National Grid and a random sample of such areas 
selected. For comparison an equal area around Isle Madame, Cape Breton Island, 
Nova Scotia was divided and sites randomly selected in the same way. Al l of the areas 
selected that had a coastal segment were examined in October 1989 and mussels were 
collected from most o( these areas. The (unga l floras o( the bulked samples were 
isolated and the Trichoderma component examined (or its abi lity to produce antibiot­
ics in the way we have previously described (Brewer and Taylor, 1980). The results 
o( thi s work are reported. 

Materials and Methods 

Select ion of collection areas The maps (Fig 1 and Fig 2) show the collecti on areas, 
the 9 Km' grids selected by the random number algorithm, and the areas where 
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Fig 2 M ap of the South-Eastern shore of Prince Edward Island. The axes and col­
lect ion sites are numbered in the same way as described in Fig 1 and Table 1. 



Table I Geographical locations and descriptions of areas in Prince Edward Island and Cape Breton Island where Mytilus edufis was collected w 

'" 
Reference Geographical loca tion Nature of area of collection Surrounding area Dayof No. 

col lection of mussels 
Grid Fig 1/2 (OCI. 1989) examined 

Prince Edward Island 

NF422953 Between Cape Bear and Rocky shore covered with Road just above beach 24 13 
Murray Head FUCU5 then trees and shrubs 

NF359982 2 Fairchild/Mcinnes Point Sandy shore - Campground - grass 24 16 
Zostera in water and trees co 

'" NG415074 3 Smith Point Rocky Shore - with Fucus Cliffs with trees 24 20 m 

:E NG412099 4 Panmure Head in fron t of Rocky shore with Fucus Cliff with cl iff swa llow 24 13 m 

lighthouse cliff tunnels ?' 
NG385093 5 Panmure Island between Sand and pebbles Road between scrub bush 24 11 Cl 

Billhook Point and South and shore - by a jelly '" m 
m 

West Corner Z 
NG349098 6 Clarks/livingslOne Bay Salt marsh (mud & sand) Bush around salt marsh 24 20 :E 
NG323161 7 Brudenell Provincial Park Sandy beach Grass and trees 25 20 m 

r 
NG355175 8 East of Morrison Beach Sandy beach Scrub bush with cOllages 25 20 r 

» 
across from Ferry Point Z 

Cape Breton 0 
PF380525 9 Exit 44 Highway 104 E of Po lluted beach Road 23 20 --< » 

Chapel Road -< 
r 

PF382521 10 North side of Mussel Sandy beach Camp-site & forest 23 18 0 
!(roakes Point '" 

PF497492 11 lennox Passage off Side of causeway Road/Forested island 23 18 
causeway between 
Burnt Is. & Benoit Is. 

PF579445 12 Beach, South of Marsh & Tidal inlet Road and bridge 23 21 
Shaw Point 

PF539515 13 Tick le Passage 23 21 
PF619546 14 "l agoon" at River Mostly mud and stones Dirt road 24 15 

Bourgeois 
PF549546 15 False Bay Estuary; mud and stones Mixed forest 24 27 
PF463437 16 Janvin Island Polluted and muddy Bridge and road 24 20 
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M. edulis were found. In the follow ing these areas are referred to by their Nationa l Grid 
numbers. These grid numbers were also used as the basis for identification of samples 
and of fungal isolates grown from propagules in the samples. Table I gives a list of the 
grid references of the areas where mu ssels were coll ected, cross references to Fig 1 and 
Fig 2, the number of animals used for analysis from each area, the date of collection 
and a general geographic description of the sites. 

Isolation of fungi The mu ssels (Table I) were placed in polypropylene containers 
and were submerged in water from the collection site. Within 48 h they were 
transported to the laboratory where they were cooled to 4"C, opened and the tissue and 
fluid w ithin the shell mascerated at 4' C for 30 s. The mascerate (1 0 mL) was diluted 
w ith sterile di stilled water (90 mL) and 3, 1 O-fold di lutions prepared from this primary 
dilution. Each of the 3 suspensions (1 mL) was used to inocu late 10 Petri pl ates 
containing potato-dextrose agar (Difco), supplemented w ith yeast extract (Difco, 0.3% 
w/v) and rose benga l (0.0035% w/v). The plates were incubated at 25' C for 7 days, 
when sub-cultures of the fungal colonies on the plates were made onto a med ium 
contain ing (g L·') : molasses (20)' dextrin (0), fi sh meal (15), Pharmamed ia (Traders 
Protein Di vision, Fort Worth, Texas, 15) and agar (20). 

Random selection ofT richoderma isolates for antibiotic analysis The frequency of 
particular Trichoderma isolates in mussel ti ssue was calcu lated from the number of 
colonies appearing at a dilution where all could be counted on 10 plates. The 
frequency was then defined as ((number of co lonies on 1 0 plates x dilutionVdry weight 
of 10 mL of homogenate). Thus each of the 49 Trichoderma isolates was multiplied 
by thi s frequency, and from the theoreti ca l collection obtained 50 isolates were 
selected at random. As described in a preceding paper (B rewer and Taylor, 1980), 
several selections were made and each selection was scored on the basis of greatest 
diversity of collection sites, and species, and more or less even di stribution between 
Cape Breton and Prince Edward Islands. The selection scoring highest by these criteria 
had 29 different isolates from 1 1 collection areas, 6 from Cape Breton and 5 frol11 Prince 
Edwa rd Island. 

Fermentation, Harvesting and Extraction ofTrichoderma cultures The isolates were 
grown in groups of 5, together with a control culture of Trichoderma hamatum (HLX 
1379; Brewer et ai., 1982), Inocula (48 h old, 1 mL) were prepared from the isolates 
grown on malt agar as described in an ea rl ier paper (Brewer et ai., 1982) and were 
added to production medium (1 00 mL) conta ining: glucose (4 g); potassium nitrate (0. 1 
g);, L-tyrosine (0. 1 g); sodium chloride (0.25 mgt; magnesium sulfate heptahydrate OS 
mgt; ferroussu lfate (1 6 mgt; zinc sulfateheptahydrate(2 mgt; coppersulfatepentahydrate 
(2 mgt; phosphomolybdi c acid 0 mgt; o-phosphoric acid (5.4 g) and water (conduc­
tiv ity <10 Q) The solution was treated with potassium hydroxide solution to pH 5.4. 
Twenty such flasks for each isolate and the control were shaken in a hori zonta l plane 
at 220 r min·' , each culture describing a circle of radius 3.81 cm. The culture flasks 
(500 mL capacity) in both fermentation stages were randomly di stributed on the shaker. 
After 70 h at 25"C, like cultures were combined, cooled to 4' C, their pH adjusted to 
8.0 when the cu ltures were filtered through a pad of washed 'Celite 535' from which 
most of the fine material had been removed by deca ntation. The filtrates (500 mL) were 
treated at 4' C w ith concentrated hydrochlori c acid to pH 4.5 and were then extracted 
w ith ethyl acetate 0 x 150 mL) . In the majority of cases the aqueous pha se separated 
cleanly leaving an emu lsoid organic phase. The 3 emu lsions were combined and, if 
necessary, centrifuged at1500 r min·' for 30 min at DoC. In a few cases the phases d id 
not separate under gravity and these extractions were completed by centrifugation as 
described. In all cases, the combined centrifuged ethyl acetate extracts were kept at 
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-1 5°C for 18 h, when the ice th at had separated was filtered and the clea r filtrate (200 
mL) used for analysis 

Analytica l methods 
The dry weight of the mascerated mussel ti ssue was determined by drying 10 mL 

of the mascerate at 1 05"C for 24 h. Sa linities of water samples were measured using 
an Ameri can opti ca l hand-held refractometer; the instrument being ca librated using 
standard sea-water samples (Culkin and Smed, 1979). Phosphate was determined by 
the method of Parsons et aI. , (1984). All mean va lues are given w ith their standard 
deviations. 

Antibiotic assays of funga l isolates were obtained using plugs from funga l colonies 
as described by Brewer et aI. , 1972, using Micrococcus luteus (HLX 701 ) as the assay 
orga ni sm. 

Analys is of isocyanides in Trichoderma fermentations The dry ethyl acetate extract 
of the fermentation broth (see above, 200 mL) was treated with an etherea l solution (10 
mL) of diazomethane (1 0 mg), the so lut ion was kept 30 min at room temperature when 
the excess diazometh ane was blown off w ith a stream of nitrogen in an efficient fume­
hood. The solution was then concentrated to 20 mL and the concentrate treated w ith 
a so lutio n (2 mL) o f bi s('l ' - pentameth ylcyc l opent adie ny l )d i-~-thi ocyan a to ­
dithiocyanatod irhodium(l i ll (Hanson et aI. , 1985; hereinafter ('1' -C,Me,Rh (SCN),),; 15 
mg) in meth ylene dichlori de. The orange solution was kept 3 h at room temperature, 
was evaporated to dryness and the residue di ssolved in methyl alcohol to give a 
solution of volume 2 mL. Thi s solution (diluted as necessa ry, 1 mL) was injected onto 
a reversed phase chromatography column (Merck, C", 20 x 0.2 em). The column was 
developed at 22°C with meth yl alcohol at a fl ow rate of 1 mL min" . The column effluent 
was directed to a Waters UV detector set at 254 nm and the signal from the detector 
was integrated and plotted by a Hewlett-Packard recording integrator (Model 3854A). 
The remainder of the apparatus has been described previously (Russell , 1988). 
Standard solutions of the 11 ' -C,Me,Rh(SCN), complexes of methyl 3-isocyanocyclopent-
2-enylideneproprionate, methyI 3-13-isocyano-l ,5-epoxycyclopentyll-prop-2-enoate, 
and 1-(2,3,4,5 -diepoxy-1-hydroxycyclopentyl)ethanol (Boyd et aI., 1991, and refer­
ences therein) in methyl alcohol were chromatographed in the same way and the 
relations between their concentrations and peak areas obtained from the integrator 
were calculated. These relations were then used to ca lculate the yield of these three 
metabolites in the usual way. 

The presence of isocyanide antibiot ics was confirmed by thin layer chromatogra­
phy on commercially prepared silica gel plates (Merck). The parent isocyanide 
metabolites in the esterified ethyl acetate extract were separated using the solvent 
aceti c aCid-diethyl ether-petroleum ether 0 .1 :29 .9:70 as the developing solvent. The 
'1 ' -C,Me,Rh (SCN), complexes present in the methyl alcohol solution were separated 
using the solvent methyl alcohol-dichloromethane 1 :24 (Boyd et aI., 1991). 

U ltravio let spectra were obtained using a Cary 14 spectrophotometer. 
Solvents and reagents Methylene dichloride was distilled from ca lcium hydride 

before use; methyl alcohol was glass disti ll ed and of the quality deSignated "for high 
pressure liquid chromatography" . Diazomethane was prepared from p-to luene­
sul fonylmethylnitrosamide (de Boer and Backer, 1963) . All other reagents were used 
as received. 
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Table II Air temperatures and physical characteristi cs of water at sites of collect ion of Mytilus 
edulis in Cape Breton and Prince Edward Island. 

Grid reference Temperature Temperature pH Salinity % Dry WI .of Ph ospha te 
Air (0C) Water (0C) 0/00 mussel tissue ~M 

NF422953 12 11 7.1 28 9.9 >1 1 
NF359982 12 11 7.2 27 13 3.8 
NG415074 12 11 7. 1 27 13.6 5.9 
NG412099 12 11 6.7 28 11.3 >11 
NG385093 12 9 7.0 27 12.5 4.1 
NG349098 10 12 7.3 27 9.0 0.7 
NG323161 8 7 7.0 26 10.3 1.4 
NG355175 8 9 7.1 26 14.2 2.3 
PF380525 6.5 8.5 6.9 19 9.4 3.3 
PF382521 7 8.5 6.9 19 8.1 3.3 
PF497492 8 9.4 6.8 27 9.4 7 
PF579445 5 10 8.0 
PF5395 15 6.7 27 12.9 10.7 
PF619546 7.5 10 6.8 27 8. 1 4.4 
PF549546 6 6.5 7.6 0 8.3 3.1 
PF463437 10 10.5 7.9 23 11 .2 7.6 

Results 

A rectangle of 360 Km' was selected based on latitude 45" 30' 00" N and longitudes 
61" 14' 46" W, and 60" 54 ' 3" W. The area is shown in Fig 1 and compri sed most of 
Isle M adame, Lennox Passage and the southern shore of Cape Breton Island from Port 
Hawkesbury to St. Peters. This area was divided into forty, 9 Km' square sections based 
on the National grid and numbered 1-40. Sixteen of these secti ons were selected at 
random and 7 of these that had no coast- li ne were rejected. No mu ssels were found 
on one of the 9 sections w ith a coast-line. 

A similarrectangle of 405 Km' based on latitude 46" 00' 00" and longitudes 62" 2J.' 
00" and 62' 23' 7" was selected. The area is shown in Fig 2 and compri sed the SE coast 
of Prince Edwa rd Island from south of the entrance to Murray Harbour, north to Bruce 
Point. Thi s area was divided into forty fi ve 9 Km' square sections of which 5 (15 x 3 
Km) on the SE edge were entirely oceanic. These were el iminated leaving an area the 
same size as that selected in Cape Breton . These areas were numbered 13-54 and 16 
of these selected at random. There was no coast line on 7 of these section s, and it 
proved difficult to gain access to one, thus leaving 8 areas where mu ssels were 
col lected. 

The grid references to the nearest 100 m of the 9 Km' secti ons where mussels were 
found are given in Table I, and is indicated approximately in Fig 1 (numbers 1-8, Table 
I) and Fig 2 Inumbers 9-16, Table I). Included in Table I are names of the nea rest 
geographical location on the 1 :50000 map, brief descriptions of the co ll ection area and 
its surroundings, the date of collection of each sample and the number of mussels used 
for examination from each site. In many cases thi s was less than the number col lected, 
because on ly shell s that contained apparently hea lthy animals were used. 

In Table 1\ the temperatures, acidities and sa linities of the water where the mussels 
were collected are recorded. In Cape Breton , by contrast to the Prince Edward Island 
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sites, the water tel11peratures were higher than the air tel11perature. Tel11peratu re data 
were not coll ected for the specimens fro l11 PF5395 15 because thi s si te was on private 
land and we were not all owed access. However the owner provided a sample w hi ch 
we assul11e was co ll ected at th is locati on. The water sa l11ple frol11 site PF579445 was 
lost. 

There appea red to be no correlation between the dry we ight of mussel ti ssue and 
the pH, orthe salini ty, orthe phosphate content of the water w here they were growing. 
The mean dry weight of the 8 samples of mussel ti ssue (Table II) from Prince Edwa rd 
Island was 11.7± 1.8 g 10 I11L" and th at of the 8 sa l11ples from Cape Breton 9.4± 1.8 g 
10 I11L" , the difference, using Student's 't ' test being signifi ca nt at the 90% confidence 
level. 

In Tabl e III ca lculations of the total number of funga l propagules culti va ted fro l11 
each gram dry weigh t of l11ussel ti ssue are given. The l11ean va lue of all funga l 
propagules on thi s basis culti va ted frol11 the Prince Edwa rd Island sampl es was 
1139~88 1 g" , and frol11 the Cape Breton sa l11ples 4546±4787 g" . The very large 
va riance in these stati sti cs probably arises frol11 the presence of sporing hyphae in some 
samples. The difference is, however, signifi cant at the 90% confidence level. Va lues 
are also given in Table III of the nUl11bers of propagules of 5 cOl11mon Trichoderma spp. 
and in 3 cases of isolates that have been classified onl y to the genus level. The l11ean 
va lue of the frequencies of all Trichoderma spp. co llected on Prince Edwa rd Island was 
I 03± 11 3 g" and on Cape Breton 1207± 1820 g". This diiference may be signi ficant 
(P<O.I ). The va lues obtained for -Trichoderma harzianum (Table III) were 44 g" and 
814 g" forthi s species in the two areas; these figures include abnonnal ly high nUl11bers 
for locat ions NF 422953 and PF380525. If these two va lues are omitted from the 
calculations, the mean va lue for the remaining 7 samples becorne 14± 12 g_1 for Prince 
Edward Island and 224±247 g" for Cape Breton and these two means are Significant ly 
different (P < 0.05). 

Table III Fungal propagulcs grarlY l dry weight of ti ssue of Mytilu5 ecitJlis collected on the shores 
of Cape Breton and Prince Edward islands. 

Grid All T. 
reference fungi hamatum 

NF422953 819 
NF359982 2282 20 
NF415074 456 
NG412099 540 32 
NG385093 723 34 
NG349098 2789 239 
NG323161 806 4 
NG355175 697 
PF380525 9859 235 
PF382 521 2642 247 
PF497492 1638 23 
PF579445 1275 
PF539515 519 23 
I'F619546 376 
PF549546 7229 
PF463437 12831 594 

T. T. 
koningii harzianum 

21 256 
32 2 

18 
32 

17 5 
26 

2 12 
28 

305 4947 
183 148 

181 
50 28 

1 23 
2 45 

72 505 
358 636 

T. Trichoderma Unidentified 
viride polysporum Trichoderma 

21 
2 

21 

110 
20 

553 48 
80 

2 
16 

213 

A blank indicates Ihal none of th is species were found in the samples; dry weights of mussel ti ssues 
are given in Table II. 
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Antibiosis of Trichoderma spp. isolated from mussel tissues The values for the 
Trichoderma spp. given in Table III allow a theoreti ca l collection to be assembled 
based on the total weight of mussel ti ssue collected and the frequency (number of 
propagules g" ) of each species in each sample. This collection then represents all 49 
(Table II I) of the Trichoderma species collected and enables a random sample of thi s 
collection to be selected. The advantages and pitfall s of thi s procedure have been 
discussed (Brewer and Taylor, 1980), In this case several samples of SO isolates were 
made and each was scored as described in the Experimental section. The sample 
chosen for study consisted of 29 different isolates, seven from five Prince Edwa rd Island 
sectors and twenty·one from six Cape Breton sectors (Table IV). One of the isolates (T. 
harzianum) in the chosen sample was contaminated w ith a Penicillium sp. and was 
di sca rded. Three of the isolates of T harzianum in the sample could be readil y 
distinguished from the other isolates of T. harzian",n by the strong yellow.green 
pigmentation of the medium when grown on malt agar. 

Table IV Frequency and antibacterial activity of a random sample of isolates of Trichoderma 
from tissues of Myrilus edulis 

Isolate Species Frequency Activity zone Trichoviridin Dermadin 270 
number' prop. g" diameter (mm)" mg l -I mg L-' mg L-t 

NF422953·4 harzianum 21 
NG415074·4 harzianum 15 12 
NG41 2099·2 harzianum 32 8 
NG41 2099·20 sp. 16 8 
NG349098·1 hamatum 222 17 22 3 8 
NG349098·1 1 hamatum 9 20 35 4 10 
NG323161·2 hamatum 4 22 90 3 16 
PF380525·1 harzianum 4705 
PF380525·2 harzianum 235 
PF380525·3 koningii 235 
PF380525·24 hamatum 235 9 10 17 66 
PF382S21·2 koningii 173 2 9 
PF382521·3 harzianum 123 0.1 
PF382521·10 harzianum 25 8 
PF382521 ·22 hamatum 247 14 107 
PF497492·2 hamatum 9 N.D.' 
PF497492·3 h,lrzianum 64 17 
PF497492·4 harzianum 43 13 ?0.05 
PF497492·8 hamatum 21 22 48 12 46 
PF539515·23 hamatum 11 14 55 30 
PF549546·2 viride 481 0.4 
PFS49546·6 viride 72 
PF463437·2 harzianum 198 8 
PF463437·3 hamatum 198 20 96 17 20 
PF463437·4 koningii 198 
PF463437·8 harzianum 198 
PF463437·9 harzianum 198 ?D.3 ?0.7 
PF463437·12 harz ianum 40 11 

Micrococcus lureus was used as the assay organism; blank spaces indicate that no inhibitory 
acti vi ty was found 
Characters to the left of the dash are grid references to place of isolation of the mussel sample. 

t Not determined. 
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All of the remaining 28 cu ltures were then examined for their abi lity to produce 
metabolites that inhibited the growth of Micrococcus luteus and the diameter of the 
zones of inh ibition around the plugs of funga l ti ssue (Brewer et aI., 1972) are given in 
Table IV. None of the isolates of T. viride or T. koningii produced antibioti cs under 
these conditions and only seven of thirteen T. harzianum isolates inhibited the growth 
of M . luteus. By contrast al1 9 iso lates of T. hamatum produced antibiotics and the mean 
zone diameters (16:5 mm) was greater than those observed for the active isolates of 
T. harzianum (11 ±3 mm, Table IV). Six of the seven Prince Edward Island isolates were 
active; eleven of twenty-one Cape Breton iso lates were inhibitory. 

Production of isocyanide antibiotics by Trichoderma isolates from M eduli s The 
fermentation of isolates of Trichoderma from M. edulis and the isolat ion of their 
metabolites followed the procedures described by Brewer et al. (1982). The random 
sample of isolates given in Table IV were grown in five groups of 5 and one group of 
3. In all six cases a control culture of T. hamatum HLX 1379 was incl uded. 

Severa l improvements in the analysis (Feicht and Taylor, 1982) of isocyanide 
metabolites were used taking advantage of recent improvements of our knowledge of 
the chemistry of these compou nds. It was fou nd that the 11' C,Me, Rh(SCN), complexes 
of the metabolites (Hanson et aI. , 1985) had high extinction coeffic ients at 25 1 nm 
(l -(2 ,3,4,5-d iepoxy-1-hydroxy-3-isocyanocyclopentyllethanol: ' ,,, 18500 dm' mol" 
em" ; methyl 3-0 -i socyano-1 ,5-d iepoxycyclopentyll-prop-2-enoate: "SI 40100 dm' 
mol" em"; and methyl 3-isocyano-cyclopent-2-enylidenepropionate: " SI 12000 dm' 
mol" em" (shoulder; Am .. 290 nm, • 142001, that the methyl esters of the acidic 
metabolites could be prepared by the less haza rdous method recentl y described 
(McAlees et aI. , 1990) and that these complexes (henceforth referred to by the trivial 
names: trichovirid in , dermadin and 270, respectively) were read il y separated using a 
simple high pressure reversed phase chromatography system. Under the conditi ons 
described in the Experimental section , during a period of 6 months, the mean elution 
times observed for the 3 metabolites were: trichovi rid in , 5.05:0.09 min; dermadin , 
9. 14:0.39 min and270 1 2.20:0.4 min (n;20). Al l three complexes were detected and 
the area under the eluted peaks integrated when 20 ng of the compound was injected 
onto the column and in all three cases a linear relationship between weight applied to 
the column and integrated area was obtained (r' va lues: tr ichovi ridin, 0.96; dermadi n, 
0.98; 270, 0.99). The ana lyses fortrichoviridin were compli cated when 1-(2,3-epoxy-
1-hydroxy-3-i socyanocyclopent-4-enyl)ethanol (Boyd et aI. , 1991) and congeners 
were produced in the fermentation in quantities equal to or greater than tri choviridin . 
The former complex was eluted from the column at 4.78 min and was not comp letely 
separated from the latter. No attempt was made to find chromatogra phic conditions 
that ach ieved a complete separation, but the integrator was programmed to calculate 
the theoreti ca l area of the tri choviridin peak. Thus the analyses given in Table IV for 
trichoviridin are less accurate than those for dermadi n and 270 where complete 
separations and Gausian shaped peaks were always obtained. 

The mean values obtained for the control T. hamalum (HLX 1379) cultures in the 
6 experiments were: tri choviridin, 27:27 (range 0-801 mg L" ; derrnadi n, 17: 18 (range 
0.7-56) mg L" and 270, 30: 26 (range 4-92) mg L·' . These va lues are, of course for the 
weights of the complexes and must be multipli ed by 0,34, 0.32 and 0.306 respectively 
to obtain the yields of the metaboli tes; this also applies to the va lues given in Table IV. 
The latter values are, in genera l, the mean of two analyses on the same extract, but in 
certain cases (marked with an asterisk in Table IV) a dupli cate fermentation was done, 
In all cases, thin layer chromatography of the concentrated ethyl acetate ext ract (Feicht 
and Tay lor 1982) revea led the presence of isocyanide by their polymerization wi th 
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nickelous chloride. Similarly the prepared l] 'CsMesRh (SCN), methyl alcohol soluti ons 
were examined by thin layer chromatography (Boyd et aI., 1991); the presence of 
yellow/orange spots of the correct R, confirming the presence of the three isocyanide 
(and many other) metabolites. 

~ 
Discussion 

With a base of so few examples it is untenable to draw firm ecological conclusions 
on relationships between Mytillis edulis and its funga l burden. However all sa mples 
had a funga l flora which had a striking resemblance to the soil flora from permanent 
pasture (Brewer and Taylor, 1980), There also seems to be some ground for concluding 
that the funga l populations borne by the animals from Cape Breton were greater than 
those from Prince Edward Island and that this may be correlated with their lower dry 
weight and generall y less healthy appearance. Reinforcing thi s supposition is the fact 
that the samples bearing the greatest funga l populations (PF380525 and PF549546) 
were from the (visuall y) most polluted sites. 

The presence of these funga l populations implies, but does not prove, a tox ic 
potential if these animals are used as a source of food. We have made a preliminary 
assessment of thi s potential by taking a random sample of the Trichoderma population 
which is known to produce toxic metabolites in sitll (Taylor 1986) and we found that 
60% of these isolates and 100% of the isolates of T. hamatum produced growth 
inhibiting substances. These proportions are much greater than those found in 
isolations from soil (Brewer and Taylor 1981). 

One common group of metabolites produced by thi s genus is characteri zed by an 
isocyanide functionality and the results of analyses of the random sa mple of isolates 
for metabolites of thi s type are given in Table IV. The va lues given and the proportions 
of the three compounds are onl y a rough guide to the production potential of these fungi 
- due to their great va riability. Thi s vari ability is exemplified by the results reported on 
the cont ro l culture, T. hamatum, HLX 1379. W hil st these results compare well w ith 
those reported about l Oy ago (Brewer et aI., 1982), despite many sub-cultivations and 
a few selections of single spore cultures for improved production ability, it is clearthat 
many fermentations are required to establi sh the mean yield of these metabolites by 
these isolates. Despite thi s proviso, it appears that only isolates of T. hamatum produce 
isocyanide metabolites. Three of the isolates of T. harzianllm may have produced 
traces of these metabolites (Table IV) but subsequent repeat experiments fa iled to 
confirm thi s supposition. It is therefore possibl e that the antibacterial activity of these 
T. harzianum isol ates (Table IV) is due to another group(s) of mycotox ins. Thi s result 
is at variance w ith that reported by Fuji wara and his co-workers (1982) who found th at 
most of the Trichoderma spp. given in Table III produced isocyanides. 

The results suggest that when locating a site for the cultivation of M. edulis for 
human consumption the proximity of the site to roads, human habitation and sources 
of eroded agri cultural land should be taken into consideration. 
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