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Y e a s t s  have  s e r v e d  as v a l u a b l e  t e s t  o r g a n i s m s  F o r  
investigating the biological activity of trichothecene 
mycotoxins (McLaughlin et el. 1977; Hernmmdez end 
Cannon ISB2; S e h e p p e r t  and K h a c h e t o u r i a n s  1 9 8 3 ) .  
Trichothecenee such as T-2 toxin are occasionally Found 
es contaminants in grain infected with Fuserium Fungi 
and t h e s e  t o x i n s  a r e  a s s o c i a t e d  w i t h  a v a r i e t y  o f  
disorders in animals and man CUeno 1983a]. In general, 
trichothecenes are not toxic to bacteria but exert 
potent cytotoxic activity against eukaryotic organisms 
(Ueno 1983b). Consequently, sensitive yeast species 
could be highly adaptable as test organisms in 
biological assays For triohothecenes while offering the 
convenience end economy of microbial test organisms. 

Burmeister and Hesseltine (1970) conducted an early 
survey of yeast susceptibility to T-2 toxin but were 
unable to isolate strains with adequate sensitivity to 
serve in practical biological assays. A recent survey, 
released while our present study was in progress, 
revealed that one particular yeast~ Kluxveromxces 
Fra~ilis, was remarkably sensitive to T-2 toxin in 
relation to 75 other isolates, all tested on e medium 
w i t h  g l u c o s e  as t h e  m a j o r  c a r b o n  s o u r c e  ( S u k r o o n g r e u n g  
et el. 1984). For Saccharom~ces oerevisiae, however, 
sensitivity to T-2 toxin was significantly higher when 
tested on e glycerol medium as compared to e glucose 
medium possibly as e result of enti-mitochondrial 
activity of the toxin (Scheppert and Khachetouriens 
1 9 8 3 ) ,  I n  t h i s  r e g a r d ~  we have  e v a l u a t e d  t h e  
sensitivity of 22 strains of yeasts to 25 ug of T-2 
toxin using eger diffusion tests with both glucose end 
glycerol media to extend the search For a suitable 
organism For biological detection of to• 
trichothecenes. 
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MATERIALS AND METHODS 

Twenty two strains of yeasts (Table I) were cultured at 
28 OC on a g a r  s l a n t s  p r e p a r e d  w i t h  1 0 . 0  g g l u c o s e ,  S .D 
g malt extract (Oifco Laborstories~ Detroit MI) , B.O g 
yeast extract (Oifco Laboratories, Oetroit MI), S.O g 
p e p t o n e  (Oifco L a b o r a t o r i e s ,  Detroit MI) and  1B g a g e r  
p e r  1000 mL w a t e r .  The c u l t u r e s  w e r e  s t o r e d  a t  7 0 c .  

Y e a s t  s e n s i t i v i t y  t o  25 ug  o f  T - 2  t o x i n  was e v a l u a t e d  
with agar diffusion tests on glucose or glycerol medium 
using the soft agar overlay method described by 
Saubolli ( 1 9 7 S )  and S c h a p p e r t  and  K h a c h a t o u r i a n s  
( 1 9 8 3 ] ,  The media consisted of 20.0 g of e i t h e r  
glucose or glycerol, 2.0 g of yeast e x t r a c t  and 2.0 g 
of peptone per 1000 mL of distilled water. For soft 
agar, 6 g of a g a r  was added~  For h a r d  a g a r ,  15 g was 
a d d e d .  

Inoculum was prepared in glucose and glycerol broth and 
i n c u b a t e d  a t  28 OC f o r  48 h .  B e f o r e  e a c h  t e s t ,  t h e  
broth culture was diluted with fresh broth to obtain an 
optical density of 0.3 as determined on a Beckman OB 
spectrophotometer with w a v e l e n g t h  a t  610  nm. 

E x a c t l y  10 mL o f  m o l t e n  h a r d  a g a r  was d i s p e n s e d  i n t o  
100 mm x 15 mm patti dishes and allowed to solidify. A 
t u b e  containing 10 ml of soft a g a r  k e p t  molten at 45 00 
was inoculated with 0.1 ml of standardized inoculum, 
mixed for 2 s with a vortex mixer, and poured onto the 
corresponding h a r d  a g a r .  T - 2  toxin (Sigma Chemical 
Co., St. Louis MI] prepared in a stock solution of 10 
mg toxin per mL dimethylsulfoxide, was applied to 
sterilized filter paper disks (B.5 mm dis) in 2.S ul 
aliquots (25 ug toxin per disk). The disks were 
a l l o w e d  t o  a i r  d r y  a n d  w e r e  s e c u r e d  o n t o  t h e  s u r f a c e  o f  
the seeded agar within 15 min of inoculation. 

I n o c u l a t e d  p l a t e s  w e r e  i n c u b a t e d  o v e r n i g h t  a t  3S OC 
since yeast susceptibility to T-2 toxin has been shown 
t o  i n c r e a s e  a t  e l e v a t e d  t e m p e r a t u r e s  [ S c h a p p e r t  and  
Khachatourians 1984). Zones of growth inhibition were 
measured accurately to the nearest millimeter using a 
precision scale ruler as soon as the boundaries had 
become distinct. For yeasts that did not grow at 35 ~ 
0 ,  t e s t s  w e r e  r e p e a t e d  w i t h  o v e r n i g h t  i n c u b a t i o n  a t  28 ~  

F u r t h e r  t e s t s  w e r e  c o n d u c t e d  on  t h e  most sensitive 
species of yeast to determine the effect of incubation 
temperature on degree of response and to evaluate the 
minimum detectable level for T-2 toxin. 
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Table 1 Sensitivity of 22 species of yeasts to 25 ug of T-2 

toxin using agar diffusion tests with 91ucose and 

glycerol media. 

Y e a s t  Species IO No. 

a 

Diameter of Zone (mm) 

glucose glycerol 

x s.d. x s .d  

Candida albicons 

Candida boidinii 

Condida boleticola 

Candida diddonsii 

Condida ~uilliormondii 

Candida ingons 

Candida lipol~tica 

Candida norvijica 

Condida paraailosis 

C a n d i d a  sake  
Candida tropicalis 

Hananauls anomala 

Kluyverom~ces fragilis 

Rhodotorula ~lutinis 

Rhodotorula rubra 

Rhodotorula cubro~ 
Saccharomyooidos ludwi~ii 

S s c c h a r o m ~ c e s  c e r o v i s i a o  
Saccho rom~oes  o e r o v i s i a e  
S o c c h s r o m ~ c e s  o e r e v i s i s e  
Sacchs rom~cos  

c a r l s b e r g e n s i s  
Trichoaporon cutanoum 

OMH 

UW08215 

UW07910~ 

UW079223 

UW08375S1 

UW079S78100 

UW0799 

UW08214 
UW079209 
UW08243 
UW07930 
UW079148 

UW07907158 

UW081100 

UWO808 

M 301 
M 299 

UWO838832 
M 13S 
M 288A 

1 3 . 7  
1 3 . 7  

n . z .  

22.3 
n . z .  

3 1 . 3  
1 2 . 7  
1 9 . 0  

9 . 6  
1 4 . 3  

n . z i  

14 3 
38 5 
13 3 
12 7 
1 1 0  
t 2  7 
1 6 . 3  
1 4 . 3  
1 2 . 6  

1.5 20.7 1.2 b 

0.6 17.0 1.0 
N.Z. 

2.1 19.7 0.6 

n.z~ 

0.S 29.7 0.6 

0.8 13.3 0.6 c 
1.0 18.6 1.5 

0.6 8.7 0.S b 
0.S 14.~  1 .0  

n . z .  

1.5  17.7 0 .8  
1 . 0  3 7 . 6  0 . 6  
0.8 14.7 0.6 c 

0.6 13.0 I .0 c 

1.0 II .~ 0.8 

0 . 8  1 4 . 3  0.6 
~.8 21.0 1.0 

0.6 18.6 0.6 

1.2  18.0  1 .0  

ATCC 8090 19.7 1.5 23.3 1.2 

UW08233 n.z. n.z. c 

OMHj Ontario Ministry of Health; UWO~ University of Western 

Ontario; M~ Malloch colloctionj University of Toronto; ATCC~ 

American Type Culture Collection. 
x = moan of three replicates; s.d. = standard deviation. 

n.z. = no zone of growth inhibition evident. 
o~ Total diameter of zone including 6.5 mm diameter disk. 
b~ Diffuse zone~ retarded growth~ not completely inhibited. 
c~ Results determined with incubation at 28 OC instead of 35 OC. 
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Table 2. Inhibition of growth of Kluyveromycee fra@ilie in agar 

diFFusion tests on glucose and glycerol medium in 

relation to level of T-2 toxin. 

T-2 Toxin 

(ug/disk] 

e 

Diameter of Zone (mm) 

glucose glycerol 

x e . d .  x e . d .  

2 5 . ~ 0  

1~ .00  

5 . 0 0  

1 .00  

0 . 5 0  

0 . 2 0  

0 . 1 0  

0 . 0 5  

3 5 . 2  0 . 8  3 4 . 7  1 . 5  

2 4 . 5  ~ . 5  2 3 . 3  1 . 5  

2 3 . 3  1 . 5  2 2 . 3  1 . 2  

1 4 . 3  1 .S t 2 . 3  IZl. S 

10.7 0.6 12.~ 1 ,~ 

7 . 5  ~ . 5  7 . 5  0 . 5  

7 . 3  0 . 3  7 . 3  0 . 3  

n . z .  n . z  

x ,  m . d .  and  a ,  as  i n  T a b l e  t .  

Table 3. Sensitivity of Kluyverom~ce~ fragilis to 25 ug of T-2 

toxin in agar diffusion tests on glucose and glycerol 

medium in relation to incubation temperature. 

T e m p e r a t u r e  

C~ 

e 

Diameter of Zone (mm) 

glucose glycerol 

X s.d. x s.d. 

20 

24 

28 

35 

3 3 . 0  2 . ~  3 3 . ~  4.3 

3 6 . 5  0 . 9  3 5 . 5  t .0  

3 4 . 6  ~ . 3  3 4 . 8  0 . 3  

3 5 . 2  0 . 7  3 5 . 2  0 . 8  

x, s.d. and a~ as in Table 1. 
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RESULTS AND DISCUSSION 

As shown in Table i, most strains off yeasts displayed 
moderate sensitivity to 25 ug of T-2 toxin [diameter of 
zone of growth inhibition approximately 10 - 20 mm). 
Three strains were resistant but one strain in 
particular, K__. fragilia, showed outstanding sensitivity 
to the trichothscene. In a previous study 
[ S u k r o o n g r e u n g  e t  el. 1 9 8 4 ] ,  another strain o f  K. 
frasilis was found to be t h e  most sensitive of 75 
strains of yeasts exposed to T-2 toxin which suggests 
t h a t  sensitivity to t h e  toxin is a stable 
characteristic of this species. 

For most species, there was no difference in 
sensitivity to T-2 toxin whether tested on glucose or 
glycerol medium [Table i]. Four species, C. albicans, 
C. boidinii, S. carlsbergensis, and S. cerevisiae, 
showed higher sensitivity on glycerol as compared to 
glucose medium. Results for the latter species confirm 
t h o s e  o f  S c h e p p s r t  and K h a c h a t o u r i a n s  ( i S 8 3 )  and 
f u r t h e r  substantiate t h e  suggestion t h a t  T -2  toxin 
exerts an mnti-mitoohondriml effect. This component of 
T-2 toxicity has been demonstrated in other biological 
systems [Schiller and Yagen 1981; Pace and Murphy i981; 
Pace 1983), but For most species of yeasts in the 
present study, evidence of an anti-mitochondrial 
activity was not apparent. 

For agar diffusion tests with K__. ffragilis, the minimum 
detectable level for T-2 toxin was 100 ng per disk 
whether tested on glucose or glycerol medium [Table 2]. 
Response was similar for both media throughout the 
r a n g e  f r o m  25 ug t o  100 no o f  T -2  t o x i n  p e r  d i s k  [ T a b l e  
2]. Incubation temperature exerted remarkably little 
effect on the magnitude of response of K. fra@ilis to 
T-2 toxin (Table 3] suggesting that, for this species, 
dynamics of membrane Fluidity do mot impose significant 
restrictions on toxin entry into the cell as suggested 
for other species of yeast (Schappert and 
K h a c h a t o u r i a n s  1984 ) .  Thus ,  K. f r e g i l i s  a p p e a r s  t o  be 
an ideal candidate for Further research directed to 
development of simple biological assays for these 
economically impomtant Fungal toxins. 
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