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in t issue f rom t r e a t m e n t s  1 and  2 showed t he  same op t ica l  
p roper t i e s  u n d e r  p h a s e - c o n t r a s t  and  polar ized  l igh t  
mic roscopy  as was  obse rved  in squash  p r e p a r a t i o n s  a n d  
sect ioned m a t e r i a l  of l emon  f ru i t  cu l tures  a n d  g e r m i n a t i n g  
seedlings3. I n  add i t i on  to  t he  f o r m a t i o n  of t h e  ref rac t i le  
nuc leolar  inclusions,  all o the r  aspects  of change  in nuc leo la r  
m o r p h o l o g y  obse rved  in growing vesicle s ta lks  2 were also 
e v i d e n t  in  t he  nucleol i  of vesicle s ta lks  f rom t r e a t m e n t  2 
in  t h i s  inves t iga t ion .  

I n j u r e d  cells a t  b o t h  ends  of each vesicle s t a lk  are 
i n v a r i a b l y  i n t r o d u c e d  a t  t he  t i m e  t he  s ta lks  are excised 
f rom the  fruit .  I t  is poss ible  t h a t  t he  i n ju red  cells leak 
some of t h e i r  c o n t e n t s  to  t he  ex t e rna l  aqueous  m e d i u m  
w h e n  t he  s ta lks  are  p laced  on  dis t i l led w a t e r  which  m a y  
h a v e  an  adverse  effect  w i t h  respec t  to  t he  f o r m a t i o n  of t h e  
ref rac t i le  nuc leo la r  ma te r i a l .  A l t h o u g h  leakage  f rom t h e  
in ju red  cells m a y  also occur  w h e n  t he  e x p l a n t s  are 
p laced  on  t he  n u t r i e n t  med ium,  t he  n u t r i e n t  ma te r i a l s  
e v i d e n t l y  p rov ide  a physio logica l  s i t u a t i o n  w h i c h  is con-  
duc t ive  to the  d e v e l o p m e n t  of th i s  re f rac t i le  nuc leo la r  
ma te r i a l .  

L iqu id  paraff i l i  was  used here  as a means  of seal ing t h e  
excised t i ssue  ag a i n s t  wa te r  loss whi le  a t  t h e  same t i m e  
p e r m i t t i n g  gas exchange  b y  v i r t u e  of i ts  p e r m e a b i l i t y  to  
gases such  as oxygen  a n d  c a r b o n  dioxide.  The  phys ica l  
cond i t ions  imposed  b y  t r e a t m e n t  2 also enab le  the  cells 
to  r e m a i n  isotonic  w i t h  t h e m s e l v e s  since the re  is no pos- 
s ib i l i ty  of w a t e r  exchange  occur r ing  be tween  t h e  ceils 
an d  the i r  e x t e r n a l  e n v i r o n m e n t .  I n  addi t ion ,  the  l iquid  
pa ra f f in  also p r o b a b l y  p r e v e n t s  or min imizes  a n y  leakage  
of t h e  cell c o n t e n t s  f rom the  inj u red  cells since i t  is un l ike ly  
t h a t  the  aqueous  c o n t e n t s  of t h e  in ju red  cells would be  
able  to  m i g r a t e  in to  t h i s  n o n - a q u e o u s  oily ex t e rna l  me-  
d ium.  

The  resul t s  of t h i s  i nves t i ga t i on  show t h a t  l iquid  paraf -  
f in  an d  t h e  minera l - sucrose  n u t r i e n t  m e d i u m  p rov ide  
physio logica l  cond i t ions  wh ich  yield l ike t r a n s f o r m a t i o n s  
in nuc leo la r  m o r p h o l o g y  in e x p l a n t e d  l emon  f ru i t  t issue.  
Also ev i d en t  here  is t h a t  all  ma te r i a l s  requ i red  for such  
t r a n s f o r m a t i o n s  in nuc leo la r  m o r p h o l o g y  u n d e r  t h e  condi-  
t ions  imposed  b y  t r e a t m e n t  2 m u s t  come solely f rom 
endogenous  sources  w i t h i n  t h e  exp l an t s  t hemse lves  since 
t he re  are no  e x t e r n a l  suppl ies  of n u t r i e n t s  or g rowth-  
r egu la t ing  subs t ances  in t h e  l iqu id  pa ra f f in  med ium.  

B y  employ ing  dis t i l led w a t e r  an d  l iquid pa ra f f in  as 
i n c u b a t i n g  media ,  i t  becomes  possible  to  sepa ra te  o u t  
d i f fe rent  s tages  of  nuc leolar  m o r p h o l o g y  in l emon  f ru i t  
exp l an t s  in  t h e  comple te  absence  of exogenous  sources of 
n u t r i e n t  ma te r i a l s  or g rowth - r egu l a t i ng  subs tances  a n d  
in t h e  absence  of m e r i s t e m a t i c  ac t iv i ty .  Only  t h e  phys ica l  
ac t  of r e m o v i n g  t h e  t i ssue  f rom i ts  n a t u r a l  e n v i r o n m e n t  
w i t h i n  the  f rui t  is needed  to  b r ing  a b o u t  the  physiological  
changes  which  lead to  these  t r a n s f o r m a t i o n s  in nucleolar  
morphology :  

Two recen t  pub l i ca t i ons  descr ib ing  opt ica l  an i so t ropy  
in the  Nucleol i  of on ion  root  t ip s  6 an d  in an ima l  cells 7 show 
t h a t  th i s  op t ica l  p h e n o m e n o n  is n o t  res t r i c ted  to t h e  
nucleol i  of the  p l a n t  m a t e r i a l  used in p rev ious  inves t iga-  
t ions  s. 

Zusammenfassung. Zi t ronenf ruch tgewebe ,  welche in 
eine nichtw~issrige Fl i iss igkei t  (Paraffin61) i n k u b i e r t  
wurden ,  zeigen VerAnderungen  der  Nuklea rmorpholog ie ,  
ana log  zu denj en igen  Geweben,  die auf  e inem Mineralsa lze  
u n d  Saccharose  e n t h a l t e n d e n  N~thrmedium k u l t i v i e r t  
wurden .  D a r a u s  e rg ib t  sich, dass  alle Stoffe, die fiir eine 
unk lea rmorpho log i sche  U m w a n d l u n g  no twend ig  sind, in  
den  Geweben  se lbs t  e rzeugt  werden,  wobei  ke ine  N~thr- 
stoffe oder  w a c h s t u m s r e g u l i e r e n d e n  S u b s t a n z e n  z u g e -  
f i ihr t  werden  u n d  auch  ke ine  m e r i s t e m a t i s c h e  Ak t iv i t / i t  
fes tzus te l len  ist. 
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Fig. 3. Tissue immersed in liquid paraffin for 48 h showing nuclei 
with the highly retractile material in the nucleoli as in Figure 2 
above (see reference2). Phase-contrast microscopy, unstained prepa- 
ration. • N = nucleus; n = nncleolus. 

Department o] Botany, University of Birmingham, 
Birmingham B15 2 T T  (England), 15 July  1971. 

9 I thank Dr. R. B. DRYSDALE for reading the manuscript and for 
making helpful suggestions. 

Discovery of Toxicogenic Stachybotrys chartarum Strains in Finland 

S t a c h y b o t r y o t o x i c o s i s  is a mycotoxicos i s  caused  b y  rum s t ra ins  h a v e  n o t  p rev ious ly  been  repor ted  in Scandi-  
feeding an ima l s  w i t h  fodder  or gra in  c o n t a m i n a t e d  w i t h  nav ia .  
t he  fungus  Stachybotrys chartarum. S t a c h y b o t r y o t o x i c o s e s  Accord ing  to  t h e  l i t e ra tu re ,  Stachybotrys chartarum 
h a v e  been  i nves t i ga t ed  in the  Sovie t  U n i o n  1,2 a n d  in (Ehrenb .  ex Link)  H u g h e s  (Syn.  S. atraCorda, S. alternans 
o the r  E a s t - E u r o p e a n  count r ies  a,4. Toxicogenic  S. charta- Bon.)  5 is a s a p h r o p h y t e  c o m m o n l y  occurr ing  on  cellulosic 
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ma te r i a l s  which  i t  can  decompose  r ap id ly ;  i t  has  some- 
t i m e s  been  found  on f a r m  seeds and  var ious  types  of 
fodder.  Myce l ium is creeping,  b r anched ,  septa te ,  a t  f i rs t  
h y a l i n  becoming  b l a c k  w i t h  age. Conid iophores  are erect,  
sep ta te ,  s imple  or sympod ia l l y  b r anched ,  h y a l i n  a t  first ,  
t h e  u p p e r  po r t i on  b e c o m i n g  d a r k e r  and  roughened  w i t h  
age ; each  is t e r m i n a t e d  b y  a g roup  of 6 to  10 d a r k  coloured, 
ovoid  phial ides .  Conidia  are borne  single a t  the  ends  of 
phial ides ,  are e l l ip t ical  to  ovate ,  dark-coloured,  r oughened  
8-11 X 4.5-5.5 ~tm. 

T h r e e  S. chartarum s t r a in s  were inves t iga ted .  2 of t h e  
s t r a ins  were isola ted d u r i n g  a mycologica l  i nves t iga t ion  
in wh ich  all  species of fungi  found  f rom the  gra in  samples  
were registered.  One of t he  2 s t r a in s  o r ig ina ted  f rom a 
m o u l d y  sample  of ba r l ey  a n d  t he  o the r  f rom a sample  of 
whea t .  The  3rd sample  was isola ted f rom a commerc i a l  
p ig  feed, suspec ted  of caus ing  abor t ions  in  pigs and  giving 
b i r t h  to  m u m m i f i e d  foetuses.  

The  fungi  (Figure  1) were i so la ted  on a wet  f i l ter  p a p e r  
in a large pe t r i  d i sh  a t  room t e m p e r a t u r e .  The  s t r a in s  
were c u l t i v a t e d  for  2 m o n t h s  in  R o u x  f lasks a t  r oom 

Fig. 1. Stachybotrys chartarum. Conidiophores showing sympodial 
branching. Lactophenol, unstained. • 200. 

t e m p e r a t u r e  on  a gra in  m i x t u r e  composed  of 1/3 whea t ,  
1/3 ba r l ey  a n d  1/a oats.  

The  in fec ted  g ra ins  were fed to  mice. E v e r y  t e s t  g roup  
compr ised  2 wh i t e  mice, 1 of e i the r  sex, weighing  15-18 g, 
s t r a i n  IRM,  Orion,  F in land .  The  mice  were fed solely on  
t h e  gra in  mix tu re .  The  same  gra in  mix tu re ,  s ter i l ized b u t  
n o t  inocu la ted  w i t h  t h e  fungi,  was  g iven  to  t h e  con t ro l  
group.  

On t h e  3rd d a y  some mice  showed s y m p t o m s  of disease 
an d  all  t h e  mice  died in 5-10 days,  excep t  t h e  con t ro l  
g roup  wh ich  was ki l led on  t h e  14th  day.  The  mice b e c a m e  
apa the t i c ,  m o v e d  slowly an d  showed s y m p t o m s  of a tax ia ,  
shiver ing,  c ircl ing m o v e m e n t s  a n d  pe r i tonea l  pain.  The  
ears, nose a n d  paws  b e c a m e  cyanot ic .  The  nose b e c a m e  
swollen an d  p a r t l y  lost  i ts  hair .  

The  pa tho log ic  p ic tu re  showed h a e m o r r h a g e s  in t h e  
s tomach ,  d u o d e n u m  an d  j e j u n u m  as well  as in  t h e  cerebra l  
meninges .  Microscopic e x a m i n a t i o n  revea led  degenera-  
t ions  in  t h e  l iver  (Figure 2), k i d n e y  an d  hear t .  Necro t ic  
processes were found  a long  t h e  d iges t ive  t r a c t  in t h e  
mucous  m e m b r a n e .  Bacter io logic  a n d  mycologic  invest i -  
ga t ions  f rom t h e  k idney,  l iver  an d  lungs  fai led to  show 
a n y  infec t ions  b y  bac t e r i a  or fungi.  

An  a t t e m p t  a t  e x t r a c t i o n  of t h e  toxic  s u b s t a n c e  f rom 
t h e  gra in  was car r ied  ou t  in  a Soxhle t  a p p a r a t u s  accord ing  
to PALYUSlK ~. F r o m  the  e t h e r  e x t r a c t  a subs tance ,  sup-  
posedly  s t a c h y b o t r y o t o x i n  A, was  ob t a ined  b y  FIALKOV 
a n d  SEREBRYANIU'S p rocedure  as modi f ied  b y  PALYUSIK. 
This  subs t ance  was sub jec t ed  to t h e  resorcine  test ,  wh ich  
is cons idered  a re l iable  and  specific i nd ica to r  of s t a c h y b o -  
t r y o t o x i n  (PALYUSlK). The  resorcine  t e s t  gave,  as a s ign 
of pos i t iv i ty ,  red  colour  for s t r a in  No. 1 an d  d a r k  b r o w n  
colours for s t r a in s  Nos. 2 a n d  3. 

A l t h o u g h  only  ve ry  few mice  were used in th i s  p re l imin-  
a ry  test ,  t h e  cl inical  an d  p a t h o l o g i c - a n a t o m i c a l  p ic tu res  
a n d  the  pos i t ive  resorcine t e s t  unequ ivoca l l y  s u p p o r t  t h e  
sugges t ion  t h a t  t h e  3 Stachybolrys chartarum s t ra ins  were 
p roducers  of s t a c h y b o t r y o t o x i n .  

B b I B O ~ b I .  Tp~ mTaMMbl Stachybotrys chartarum, KOT0pble 
6hi.rill 06Hapy~eHbI B npo6ax 3epHa 13 (1)HHJII:IH,~H~, BbI3blBa- 
.rill cMepTb MbInI, I<0TOpbIM K0pMH.rIH. S. chartarum B o6paae 
3apa~eHHoro 3epHa. S. chartarum 6blJ7 rlepBblfi pa3 06Hapy~eH 
B CKaH]~HHaBCKHX cTpaHax. 
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Fig. 2. Degenerated liver cells (centre) of a mouse fed with S. charta- 
rum infected grain. Formaline fixation, H.E. • 1000. 
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