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HycotoxJns const i tu te a group of tox ic  secondary fungal metabo- 
l i t e s .  Fungi that produce these tox ins frequently contaminate 
food and feed, creating s potent ia l  threat to human and animal 
health. Bio logical  a c t i v i t i e s  of mycotoxJns include, amongst 
others: t o x i c i t y ,  mutagenicity and carcinogenJcJty, which can be 
expressed with or without metabolic ac t iva t ion  (Uraguchi and 
Yamazaki 1978; Ames et al .  1973). One of the best known and most 
extensively studied examples of mycotoxins is  af latoxJn B1, a 
highly tox ic ,  mutagenic and carcinogenic metabolJte of Asper- 
~J l lus  f lavus (But ler  1974). A closely related group of myco- 
toxins,  austocystJns, is produced by another fungus, namely 
AsRergi!lus ustus. AustocystJns are s im i la r  in s t ruc ture to 
af latoxJn B1 F--(-~. 1) and are probably synthesized in a s im i la r  
manner (Steyn et al.  1980). 

The Ames Salmonella tes t ,  a widely accepted method employed for  
the detection of mutagenic a c t i v i t y  of various chemical compounds 
(Ames et al. 1973, 1975), was used for  tes t ing the mutagenJc 
a c t i v i t y  of d i f fe rent  mycotoxJns (Nagao et al.  1976). As a l i a -  
tox in B 1 was found by the Ames tes t  to be highly mutagenJc, the 
same test  was applied for the study of possible mutagenicity of 
the austocystjns. The mutagenic a c t i v i t y  of these con~oounds was 
studied with and without metabolic ac t iva t ion using two tes ter  
s t ra ins  of S. typhJmurJum, one capable of detecting frame s h i f t  
mutation (s t ra in  TA98) and the other capable of detecting base 
pair  subs t i tu t ion  (s t ra in  TAIO0). 

MATERIALS AND METHODS 

AflatoxJn B I and austocystins A, B, C, D and H were  isolated and 
purified by Steyn and Vleggaar (1974, 1975). All compounds were 
dissolved prior to testing in dJmethylsulphoxide (DMSO, Merck, 
West Germany). 

B a c t e r i a i  s t r a i n s  o f  S. t yphJmur ium,  s t r a i n  TA98 and TA100, were  
obtained from Dr W.O.K. Grabow (NIWR, CSIR, Pretoria, South 
A f r i c a ) .  C u l t u r e s  were  t e s t e d  f o r  t h e i r  h i s t i d J n e  and b i o t i n  
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Figure 1. Molecular s t r u c t u r e  of austocystJns and a f l a t o x i n  B t 

requirements,  ampJcJllJn resJstance and c r y s t a l  v i o l e t  s e n s i t i -  
v i t y .  The ra te  of spontaneous reve rs ion  to  the p r o t o t r o p h i c  
s ta te  was repeated ly  tes ted .  The s t r a i n s  were kept f rozen at 
-80~ Overnight shake c u l t u r e s  grown in  n u t r i e n t  bro th  (OxoJd, 
London, England) at 37~ were used fo r  a l l  exper iments.  

The microsomal f r a c t i o n  of ra t  l i v e r ,  $9, as we l l  as the S 9 
mix ture ,  were prepared as descr ibed by Ames et  a l .  ( t975) .  Hale 
Wistar ra ts  of about 300 g each were i n j e c t e d  wi th  a roc l o r  1254 
(Analabs, Conn. USA), and a f t e r  th ree  days t h e i r  l i v e r s  were used 
f o r  $9 p repara t ion .  This $9 p repara t ion  was incorpora ted  i n to  
the $9 mixture in  a r a t i o  of  0.05 ml per t mt of  the mix ture .  

Q u a n t i t a t i v e  mutagenJcJty t e s t s  w e r e  c a r r i e d  out  as descr ibed by 
Ames et a l .  (1975). P o s i t i v e  c o n t r o l s ,  J.e.  spot t e s t s  (Ames et 
a l .  1975) were done w i th  N-methy l -N ' -nJ t ro -N-nJ t rosoguanJdJne 
(Sigma, St. Louis,  Ho, USA), 2-amJnof luorene (Sigma, St. Louis ,  
Ho, USA) and sodium azJde (BDH Chemicals Ltd, Poole, England).  
Spontaneous revers ion  races o f  both t e s t e r  s t r a i n s ,  and the 
i n f l uence  of  the so lven t  DMSO ( i n  q u a n t i t i e s  not exceeding 100 #1 
per p la te )  on t h e i r  spontaneous revers ion  ra tes ,  were examined. 

Var ious concent ra t ions  of the d i f f e r e n t  austocystJns (Tables l 
and 2) w i th  and w i thou t  the a d d i t i o n  of  the S~ f r a c t i o n  of l i v e r  
microsomes were assayed wi th the same set  of  exper iments,  i . e .  
the  same cu l t u res  o f t he  t e s t e r  s t r a i n s ,  the same batch of  minimal 
p la tes ,  and i d e n t i c a l  incubat ion  cond i t i ons  were used. A11 t es t s  
were ca r r i ed  out at  l eas t  in  t r i p l i c a t e  and always inc luded 
p o s i t i v e ,  negat ive (spontaneous reve rs ion )  and s t e r i l i t y  
con t ro l s .  P la tes were incubated at  37~ f o r  48 h before  
b a c t e r i a l  co lon ies  were counted. 

The resu l t s  obta ined are expressed as mutagenJcJty r a t i o s  (MR), 
which represent  a r a t i o  of  the number of  r eve r t an t  co lon ies  on 
t e s t  p la tes  (spontaneous ptus induced r e v e r t a n t s )  to the number 
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of colonJes on negat ive con t ro l  p l a t es  (spontaneous r e v e r t a n t s ) .  
In t h i s  study an MR value of l .O obtained f o r  a p a r t i c u l a r  
compound at a c e r t a i n  concent ra t ion  was considered to i n d i c a t e  a 
lack of mutagenic a c t i v i t y .  

RESULTS AND DISCUSSION 

Cul tures of the t e s t e r  s t r a i n s  TA98 and TAIO0 were found to  
mainta in t h e i r  auxotrophic  requirement fo r  L-hJst idJne and b i o t i n  
and t h e i r  amp ic i t l Jn  res is tance ,  and showed s e n s i t i v i t y  to 
c r y s t a l  v i o l e t .  I t  was the re fo re  concluded tha t  the straJ.ns used 
Jn t h i s  study re ta ined t h e i r  o r i g i n a l  phenotypes. The average 
numbers o f  spontaneous r e v e r t a n t  co lon ies  per p I a t e  were 19 f o r  
s t r a i n  TA98 and 131 fo r  s t r a i n  TAIO0 (TabIes 1 and 2). Control  
p la tes ,  on which spontaneous r e v e r t a n t  co lon ies  were tes ted  i n  
the presence of the $9 lJ.ver f r a c t i o n ,  showed an increase Jn the 
number of  these co lon ies  to  31 per p l a t e  f o r  s t r a i n  TA98 and 153 
fo r  s t r a i n  TAIO0 (Tables 1 and 2). These numbers are Jn 
agreement wi th  the numbers of  spontaneous reve r t an t s  p rev ious l y  
observed fo r  these two t e s t e r  s t r a i n s  (Ames et at .  1975). Both 
t e s t e r  s t r a i n s  rever ted  to  the proto t rophJc s ta te  in  the presence 
of known mutagens which were p rev ious l y  found to mutate them, 
namely sodium azide and N-methy l -N ' -nJt ro-N-nJt rosoguanJdine,  
which acted d i r e c t l y ,  and 2-amJnofluorene and a f Ia toxJn  B1, both 
of  which requJred metabol ic  a c t i v a t i o n .  

As Js apparent from the r e s u l t s  obtained w i th  t e s t e r  s t r a i n  TAIO0 
(Table 1), aus tocys t ins  A, C and D showed a lack of  or very mi ld  
d i r e c t  mutagenic a c t i v i t y  w i t h i n  the range of  concent ra t ions 
tested - a concentrat ion of 50 R / p l a t e  resu l ted  Jn an MR value 
of  1.0 f o r  aus tocys t in  D, 1.7 fo r  austocystJn C and 2.2 f o r  
austocystJn A. Austocyst ins H and B showed some mutagenic 
a c t i v i t y .  Austocyst in  B showed an MR value of  1.6 at a concen- 
t r a t i o n  of  0.1 ~ / p l a t e  and 4.6 at a concent ra t ion of  50 pg/ 
p la te .  A concent ra t ion of  5 #g/p la te  of  aus tocys t in  H resu l t ed  
in  an MR value of 1.6, which increased to 3.7 when a 50 ~ / p t a t e  
was used. The MR values obtained f o r  a f l a toxJn  B t fo l lowed the 
trend observed in  austocystJn B and reached 6.6 fo r  a concen- 
t r a t i o n  of  50 i~ /p ta te .  Ne i ther  aus tocys t in  A, B, C, D or H nor 
a f l a toxJn  B1, when tested wJthout metabol ic  a c t i v a t i o n ,  showed 
any t o x i c  e f f e c t  w i t h i n  the range of  concent ra t ions  examined. 

M e t a b o l i c  a c t i v a t J o n  g r e a t l y  enhanced t h e  m u t a g e n i c i t y  o f  a l l  
f i v e  austocystJns tested (Table 1). The Jncrease in  mutagenJcity 
was c tea r t y  ev ident  Jn the lower range of  concent ra t ions ,  as a t  
higher concentrat ions metabol ic  a c t i v a t i o n  converted aus tocys t jns  
to  h igh ly  t o x i c  compounds. Due to  the t o x i c  e f f e c t  o f  the 
compounds, a decrease in  the sJze of  r eve r tan t  co lon ies  was 
observed and Jn many cases co lon ies  were not found at. a l l .  
A concentrat ion of i pg/plate of  aus tocys t in  B caused a f i v e - f o l d  
reduct ion Jn the MR value i n  comparison to the MR value observed 
fo r  the concentra t ion of 0.1 pg/p la te .  AustocystJn D showed a 
two- fo ld  reduct ion  at  the same concent ra t ion  range. 
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Toxic a c t i v i t y  was observed at d i f f e r e n t  concen t ra t ions  f o r  the 
d i f f e r e n t  aus toeys t ine .  For aus tocys t i n  H, a 5 pg/ptate was 
t o x i c ,  whereas aus tocys t i n  A only showed i t s  t o x i c  e f f e c t  a t  a 
concent ra t ion  of 50 ~g/p la te (Table &). The known mutagen, a f l a -  
t o x i n  Bt,  when ~es~ed us ing s t r a i n  TARO0 at the same concent ra-  
t i on  range, showed a high MR value at O.t  pg/p la te .  At. any 
h igher  concen t ra t i on  t e s t e d  the  t o x i c  e f f e c t  led  to  the absence 
of r eve r tan t  co lon ies  (Table l ) .  

According to the r e s u l t s  discussed above, the t rend  of mutagenic 
a c t i v i t y  of  a l l  the  aus tocys t i ns  t e s t e d  was s i m i l a r  to  t ha t  
observed fo r  a f l a t o x i n  B t" The MR values obta ined f o r  
aus tocys t ins  A and D are i n  agreement w i th  the r e s u l t s  repor ted  
by Wehner et at .  (1978). The d isc repanc ies  between the r e s u l t s  
obta ined i n  t h i s  study w i th  m e t a b o l i c a l l y  a c t i v a t e d  aus tocys t i ns  
A and D and the r e s u l t s  obta ined by Wehner et  a t .  (1978) may be 
a t t r i b u t e d  to the  d i f f e r e n c e s  i n  the  spontaneous reve rs ion  ra tes  
and the use of d i f f e r e n t  $9 p repara t ions  (Table 1). 

Table 2 summarizes the HR values obta ined when s t r a i n  TA98 was 
t es ted  using var ious  concen t ra t i ons  or the f i v e  aus tocys t ins .  
Without metabol ic a c t i v a t i o n  aus tocys t i n  B induced a very high 
number os r eve r t an t s ,  w i th  an HR value of  t5 .2  when a concen- 
t r a t i o n  of 50 ~g/ptate was used. Austocys t ins  H and C showed a 
s i m i l a r  t rend w i t h i n  the  range o f  concen t ra t i ons  tes ted ,  reaching 
tower HR values fo r  the h ighest  concen t ra t i on  o f  9.8 and 4.2 
r e s p e c t i v e l y .  Very mi ld  mutagenic a c t i v i t y  was observed f o r  
austoeystJns A and D at the same concen t ra t i on  w i th  MR values or  
t . 5  and to9 r e s p e c t i v e l y .  In comparison to  the HR values 
obtained fo r  austocystJn B, a r l a toxJn  B1, when tes ted  at the same 
range of  concen t ra t ions ,  showed s t ronger  mutagenic a c t i v i t y  at  a 
concen t ra t ion  of 50 pg/p la te  whi te  other concent ra t ions  gave 
lower HR values.  A l l  aus tocys t i ns  tes ted ,  as we l l  as the 
p o s i t i v e  con t ro l  or a r l a toxJn  B t, showed no t o x i c  e f f e c t  at  the 
range or concen t ra t ions  s tud ied .  

As shown in  Table 2, me tabo l i ca l l y  a c t i v a t e d  aus tocys t i ns  showed 
a marked increase Jn mutagenJcity and t o x i c i t y .  Both austocys-  
t i n s  B and O showed a very s t rong  mutagenic a c t i v i t y  as t #g/ 
p la te  resu l t ed  in  HR values of 89.6 and 74.9 r e s p e c t i v e l y .  At 
h igher  concen t ra t ions  both austocystJns were t o x i c  to  the  
bac te r i a .  

Austocyst in  H showed st rong mutagenic a c t i v i t y  w i th  an HR value 
of  56.5 obta ined at  a concen t ra t i on  o f  5 ~g/p la te ,  whereas h igher  
concent ra t ions  showed t o x i c  a c t i v i t y .  Austocys t ins  A and C 
showed mi lder  mutagenic a c t i v i t y ,  w i th  aus toeys t i n  A showing the  
lowest a c t i v i t y .  At a concen t ra t i on  of  1 pg/p la te ,  aus tocys t i n  C 
gave i t s  h ighes t  HR value o f  i 9 . 0 .  The h ighes t  mutagenic e f f e c t  
of aus tocys t in  A was shown at 10 ~g/p la te w i th  an MR of 5.0. For 
the  two aus tocys t i ns ,  one concen t ra t i on  above the  ones mentioned 
was too t o x i c  to permit  any mutagenic a c t i v i t y .  A r I a t o x i n  B 1 
gave HR vaIues s i m i l a r  to  those obta ined f o r  austocystJns B and D 

646 



T
a

b
le

 
1.

 
M

u
ta

g
e

n
J.

ci
ty

 
ra

ti
o

s
 

(M
R

*)
 

fo
r 

v
a

ri
o

u
s

 
c

o
n

c
e

n
tr

a
ti

o
n

s
 

o
f 

a
u

st
o

cy
st

i.
n

s 
A

, 
B

, 
C

, 
D

 a
nd

 
H

 a
nd

 
a

fl
a

to
x

in
 

B
I 

w
it

h
 

a 
te

s
te

r 
s

tr
a

in
 

TA
IO

0 

M
yc

o
to

xJ
n

 
A

u
st

o
o

ys
tJ

n
 

A
 

A
u

s
to

o
y

s
ti

n
 

B
 

A
u

s
to

o
y

s
ti

n
 

C
 

A
u

st
o

cy
st

Jn
 

D
 

A
u

s
to

c
y

s
ti

n
 

H
 

A
fl

a
to

x
in

 
B

 I 

W
it

h
o

u
t 

m
e

ta
b

o
li.

c 
a

c
ti

v
a

ti
o

n
 

0
.
I
 

2
.
0
 

2
.
6
 

2
.
0
 

1
.
0
 

1
.1

 
1
.
0
 

1
.
0
 

2
.
0
 

2
.
6
 

2
.
0
 

1
.
0
 

2
.
2
 

1
.
2
 

5
.
0
 

1
.
0
 

3
.
2
 

1
.
0
 

1
.
0
 

1
.
6
 

2
.
1
 

I
0
.
0
 

2
.
1
 

4
.
1
 

1
.
0
 

1
.
0
 

1
.
4
 

3
.
8
 

5
0
.
0
 

2
.
2
 

4
.6

 
1
.
7
 

1
.
0
 

3
.
7
 

6
.
6
 

A
ve

ra
g

e
 

nu
m

be
r 

o
f 

re
v

e
rt

a
n

t 
eo

2o
nJ

es
 

on
 

c
o

n
tr

o
l 

p
la

te
s

: 
13

2 

W
ith

 
m

e
ta

b
o

li
c 

a
c

ti
v

a
ti

o
n

 

0
.i

 
1

.2
 

2
0

.4
 

2
.5

 
4

.8
 

2
.1

 
1

.0
 

4
.9

 
2

.4
 

5
.2

 
2

.0
 

8
.4

 
T

o
xi

c 
5

.0
 

4
.1

 
1

.2
 

1
.8

 
T

o
xi

c 
2

.6
 

T
o

xi
c 

2
0

.0
 

4
.6

 
i.

i 
2

.0
 

T
o

xi
c 

i.
 7

 
T

o
xi

c 
5
0
.
0
 

T
o
x
i
c
 

To
x~

 c
 

To
x~

 o
 

T
o
x
i
c
 

T
o
x
i
 c
 

T
o
x
i
c
 

A
v
e
r
a
g
e
 
n
u
m
b
e
r
 
o
f
 
r
e
v
e
r
t
a
n
t
 
c
o
2
o
n
i
e
s
 
o
n
 
c
o
n
t
r
o
l
 
p
l
a
t
e
s
:
 
1
5
3
 

A
v
e
r
a
g
e
 
n
~
b
e
r
 
o
f
 
r
e
v
e
r
t
a
n
t
 
c
o
l
o
n
i
e
s
 
o
n
 
t
r
e
a
t
e
d
 
p
l
a
t
e
s
 

* 
M

R
=

 
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
. 

A
ve

ra
g

e
 

n
~

b
e

r 
o

f 
re

v
e

rt
a

n
t 

c
o

lo
n

ie
s

 
on

 
c

o
n

tr
o

l 
p

la
te

s
 

C
0 

n
c

e
rl

- 
tr

a
tJ

o
n

 
~

g
/p

la
te

 



4
~

 
O

0
 

T
a

b
le

 
2.

 
M

u
fi

a
g

e
n

ic
Jt

y 
ra

ti
o

s
 

(M
R

*)
 

fo
r 

va
rJ

o
u

s 
c

o
n

c
e

n
tr

a
ti

o
n

s
 

o
f 

a
u

st
o

cy
st

Jn
s 

A
, 

B
, 

C
, 

D
 a

nd
 

H
 a

nd
 

a
fl

a
to

x
J

n
 

B
1 

o
b

ta
in

e
d

 
w

it
h

 
a 

te
s

te
r 

s
tr

a
in

 
T

A
98

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 -
- 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 

M
yc

ot
ox

J 
n
 

C
on

ce
rt

- 
A

u
st

o
cy

s~
Jn

 
A

 
A

u
st

o
cy

st
Jn

 
8 

A
u

st
o

cy
sf

ii
n

 
C

 
A

u
sh

o
cy

st
Jn

 
D

 
A

u
st

o
cy

st
Jn

 
H

 
A

s 
B

 1
 

fi
ra

ti
o

n
 

#
g

/p
la

te
 

W
it

h
o

u
t 

m
e

ta
b

o
li

c 
a

ct
Jv

a
tJ

o
n

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

0
.
I
 

1
.
0
 

1
.
0
 

1
.
0
 

1
.
0
 

1
.
0
 

1
.
0
 

l
.
O
 

1
.
0
 

1
.
7
 

1
.
0
 

i
.
i
 

1
.
0
 

1
.
0
 

5
.
0
 

1
.
0
 

6
.
2
 

1
.
0
 

1
.
2
 

1
.
4
 

3
.
5
 

i
0
.
0
 

1
.
0
 

9
.
7
 

1
.
2
 

1
.
4
 

3
.
2
 

4
.
5
 

5
0
.
0
 

1
.
5
 

1
5
.
2
 

4
.
2
 

i
 .
9 

9
.
8
 

2
5
.
4
 

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

A
ve

ra
g

e
 

nu
m

be
r 

o
f 

re
v

e
rt

a
n

t 
c

o
lo

n
ie

s
 

on
 

c
o

n
tr

o
l 

p
la

te
s

: 
19

 

W
ith

 
m

e
ta

b
o

li
c 

a
c~

iv
a

tJ
o

n
 

O
.
l
 

1
.
8
 

4
1
.
3
 

4
.
8
 

/4
0.
3 

2
.
3
 

3
5
.
5
 

l
.
O
 

2
.
1
 

8
9
.
6
 

1
9
.
0
 

7
4
.
9
 

2
7
.
0
 

5
2
.
0
 

5
.
0
 

4
.
1
 

T
o
x
i
c
 

1
6
.
0
 

T
o

xi
c 

5
6
.
5
 

T
o
x
J
 c

 
1

0
.0

 
5

.0
 

T
o

xi
c 

1
4

.0
 

T
o

xi
c 

2
6

.6
 

T
o

xi
c 

5
0
.
0
 

5
.
8
 

T
o

xi
c 

T
o

xi
c 

T
o

xi
c 

T
o

xi
c 

(f
o

xJ
 c

) 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

A
ve

ra
g

e
 

nu
m

be
r 

o
f 

re
ve

rt
a

n
fi

 
c

o
lo

n
ie

s
 

on
 

c
o

n
tr

o
l 

p
la

te
s

: 
57

 

A
ve

ra
g

e
 n

um
be

r 
o

f 
re

v
e

rt
a

n
t 

c
o

lo
n

ie
s

 
on

 
tr

e
a

te
d

 
p

la
te

s
 

*
 

M
R
 

:
 
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

A
ve

ra
g

e
 

nu
m

be
r 

o
f 

re
v

e
rt

a
n

t 
c

o
lo

n
ie

s
 

on
 

c
o

n
tr

o
l 

p
la

te
s

 



at a concen t ra t i on  of  0.1 l ~ / p l a t e ,  and h igher  concen t ra t ions  
were h igh ly  t o x i c .  

The enhancement of mutagenJcity of the austocystJns by the S 9 
f r a c t i o n  Js probably of  the same nature as t ha t  descr ibed f o r  
a f l a toxJn  Bt. The format ion of a h igh l y  a c t i v e  i n te rmed ia te  of  
a f l a t o x i n  B t i s  assoc ia ted w i th  the change of  the v i n y l  e the r  
moiety (Engelbrecht  and A l t e n k i r k ,  1972) to an epoxide dur ing the 
exposure of  the mycotoxin to  the  mixed f u n c t i o n  oxygenase (Carner 
et a l . ,  1972 Garner, 1973). In view of  the s t r u c t u r a l  s i m i l a r i t y  
between the aus tooys t ins  and a f l a t o x J n  B I (Fig.  1) the mechanism 
of  t h e i r  a c t i v a t i o n  should be the same or s i m i l a r .  

The d i f f e rences  Jn the molecular s t r u c t u r e  o f  one or two 
f u n c t i o n a l  groups o f  the f i v e  aus tocys t i ns  t es ted  appeared to  
s i g n i f i c a n t l y  a f f e c t  t h e i r  mutagenJc a c t i v i t y .  Even though a l l  
aus tocys t ins  have the  sJmJiar v i n y l  e the r  moiety,  which has been 
shown to be associated wi th  the a c t i v a t i o n  of  a f l a t oxJn  B t~ the 
o ther  f u n c t i o n a l  groups might Jn f iuence the s t reng th  os b ind ing  
of the ac t i va ted  forms of  austocystJns to the nuc le i c  ac id  
mate r ia l .  

M e t a b o l i c a l l y  a c t i v a t e d  aus tocys t i ns  B, C and H were found 
to be potent  mutagens wi th s t rong f r a m e - s h i f t i n g  a c t i v i t y .  
AustocystJns B and H were a lso  found to  be moderately mutagenic 
to both t e s t e r  s t r a i n s  wJthout metabolJc a c t i v a t i o n  i . e .  i t  i s  
poss ib le  tha t  these mutagens might be Jn te rac tJng  w i th  n u c l e i c  
acids not e x c l u s i v e l y  v ia the ac t i va ted  v i n y l  e ther  moiety. 

There appeared to be a d i r e c t  c o r r e l a t i o n  between ti le muta- 
genJc e f f i c i e n c y  and the degree o f  t o x i c i t y  e x h i b i t e d  by the 
f i v e  aus tocys t jns .  Metabol ic  a c t i v a t i o n  enhanced the t o x i c i t y  of  
the f i v e  austocystJns s tud ied.  
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