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Nucleolar  Changes  in L e m o n  Fruit Explants  (Citrus limon L.) Incubated in a N o n - A q u e o u s  M e d i u m  

Varia t ions  in nucleolar  morphology,  especially t he  nal communica t i on  wi th  B D H  Chemicals  Ltd . ,  Poole, 
fo rmat ion  of h ighly  refract i le  nucleolar  inclusions, have  
been considered as being early cytological  indicat ions  of 
g rowth  of lemon frui t  explan ts  inoculated onto  a minera l -  
sucrose nu t r i en t  medium1, 2. Refract i le  inclusions were 
ev iden t  in very  few nucleoli  (1-2%) in exp lan t s  incuba ted  
on dist i l led water1. The suggest ion was made  t h a t  the  
qua l i t a t ive  and/or  quan t i t a t i ve  avai labi l i ty  of nu t r i en t  
mater ia ls  m a y  have  been  responsible  for these differences 
in nucleolar  morpho logy  be tween  the  explans incuba ted  
on dist i l led wa te r  and on a mineral-sucrose med ium 1. The 
fo rma t ion  of h ighly  refracti le  nucleolar  inclusions in 
lemon frui t  exp lan t s  incuba ted  in a non-aqueous  m e d i u m  
in the  comple te  absence of any  ex te rna l  source of nu t r i en t  
mate r ia l  is r epor ted  here. 

Materials  and methods. Excised vesicle stalks f rom 
ma tu re  lemon frui ts  (Citrus l imon L.) were:  1. inocula ted  
onto  a minera l -sucrose-agar  medium~;  and 2. comple te ly  
immersed  in l iquid paraf f in  (light grade) 3-4 m m  deep in 
' Py rex '  Pe t r i  dishes. The Pe t r i  dishes of bo th  t r e a t m e n t s  
were sealed wi th  'Pa ra f i lm '  and placed in the  dark  for 
48 h a t  25-28~ The nu t r i en t  med ium and  the  l iquid 
paraf f in  were steri l ized by  autoclaving for 15 min  at  121~ 
At  the  end of the  48-hour incuba t ion  period, the  s ta lks  
f rom bo th  t r e a t m e n t s  were placed in Lil l ie 's  A A F  solu- 
t ion  ~ for 24 h in the  cold. In  the  case of t r e a t m e n t  2, the  
stalks were first  b lo t t ed  tho rough ly  wi th  fi l ter  paper  to  
r emove  the  excess l iquid paraf f in  adher ing  to the  t issue 
surface before placing the  s ta lks  in the  f ixat ive.  The 
exp lan t s  of t r e a t m e n t  2 were swirled vigorously in the  
f ixa t ive  every  15 min  dur ing the  first  2 h of f ixa t ion  as a 
means  of minimiz ing  the  a m o u n t  of l iquid paraf f in  
adher ing  to the  t issue surface. B D H  Labora to ry  Reagen t  
Light  Grade Liquid  Paraf f in  was used in this  inves t iga t ion  
as i t  does no t  con ta in  any  kind of added  stabi l izers  (perso- 

England) .  
Longi tud ina l  paraf f in  sect ions of the  f ixed exp lan t s  

were p repared  as descr ibed  previously2 except  t h a t  the  
dewaxed  sect ions were h y d r a t e d  and  d e h y d r a t e d  in a 
graded n -p ropano l  series ins tead  of a graded isopropanol  
series before mo u n t i n g  t h e m  in the  uns ta ined  condi t ion.  
Mount ing  was done wi th  'S i r s '  m o u n t a n t  af ter  clearing 
wi th  xylene or in Eupara l  a f ter  dehyd ra t i on  wi th  n-pro- 
panol.  Uns t a ined  longi tudinal  paraf f in  sect ions of f reshly 
excised stalks f ixed in A A F  solut ion served as physio-  
logi.cal and cytological  controls .  

Results  and discussion. The homogenous -appear ing  
nucleoli  in sp indle-shaped nuclei  were ev iden t  in the  
control  t issue (Figure 1) as was observed in previous  
inves t iga t ions  1, 2, ~. Many of the  nucleoli  in the  exp lan t s  
f rom t r e a t m e n t  1 conta ined  the  h igh ly  refract i le  inclusions 
(Figure 2) which have  been considered as be ing indicat ive  
of g rowth  of the  cells in which  such nucleolar  inclusions 
are found 2. Large numbers  of nucleoli  in the  exp lan t s  
f rom t r e a t m e n t  2 likewise possessed these  h igh ly  refract i le  
inclusions (Figure 3). These refract i le  nueleolar  inclusions 
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Fig. 1. Control tissue showing the spindle-shaped nuclei and the 
homogeneous-appearing nucleoli. Phase-contrast microscopy, un- 
stained preparation. • 800. 

Fig. 2. Tissue incubated on the nutrient medium for 48 h showing 
nucleiwith the highly refractile materialin the nucleoli (see reference 2), 
Phase-contrast nficroseopy, unstained preparation. • 800. 
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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. 
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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 


