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N u c l e a r  D i v i s i o n  i n  Neurospora crassa D u r i n ~  

C o n i d i a t i o n  a n d  G e r m i n a t i o n  

Vegetative nuclear division in Neurospora crassa has 
recently been studied by a number  of investigators z-4, 
but  their interpretations of the stained mitotic figures 
still vary  greatly. The present s tudy of nuclear division 
in developing and germinating conidia allows the addi- 
t ional correlation of stages in the division of the nuclei 
with sequential morphogenetic changes: constriction of 
the hyphae (conidiation) and lengthening of the germ 
tube (germination). 

Cultures of N.  crassa (strain Lindegren+) were grown 
in M medium and conidia germinated in C medium s. 
Conidia for germination experiments were harvested by  
shaking in sterile distilled water and filtering through 4 
layers of cheese-cloth, and used immediately. All tissues 
were fixed in a solution of glacial acetic acid, chloroform, 
and 96°/0 ethanol (1:3:6) for 24 h. They were then 
washed once in 70% ethanol, 3 times in distilled water, 
'and hydrolysed for 8 rain in 10% perchloric acid at  60 °C. 
After cooling and washing 3 times in distilled water and 
once in 0.01 M phosphate buffer, the cells were suspended 
in Giemsa strain and phosphate buffer (1:5) for 10-30 
min. Stained cells were washed with the buffer, wet 
mounted and studied immediately. 

In  order to obtain hyphae which would differentiate 
conidia at  approximately the same time, cultures were 
grown for 3 days in M medium which permits only vege- 

tative growth 5. On the third day, the growth medium was 
removed and replaced with sterile 0.1 M phosphate buffer. 
Aerial hyphae were formed and conidia developed from 
them within 15 h; stages in the formation of the conidia 
could be obtained by sampling before and after this time. 

Nuclei observed in these conidiogenous hyphae, before 
the beginning of differentiation, show many different 
morphologies (Figure la, b, c) and stages of division. 
There does not  appear to be any synchronization of divi- 
sion. In  larger hyphae the nuclei appear to be more nu- 
merous (Figure ld) and in old hyphae we have observed 
a diminution of nuclei and active division. Hyphae which 
produce conidia are always relatively thin. Their first de- 
tectable sign of differentiation is the constriction of the 
cell wall, and although the cause of this change is un- 
known, it  may be correlated with the "nucleus: in each 
case tha t  we have studied, the constrictions begin be- 
tween each nucleus. From this t ime on, constriction of the 
outer wail progresses and eventually a septum is formed 
separating the individual conidia. Nuclear division also 
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Fig. 1. Mycelia and conidiatiag hyphae of N. cr~ssa fixed with acetic acid-chloroform-alcohol, hydrolysed with 10% perchtoric acid, 
stained with Giem~a. a-o = young hyphae; d = large hyphae; e-i = conidiating hyphae with septa forming in i. Scale: a-d, 

2 mm ~ 8/~; e-i, 1 cm = 8/~. 
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continues (Figure 1 e-i) but  no longer influences the cell 
wall. Movement of the chromosomes during division 
generally results in multinucleate conidia (Figure li) but  
some conidia may  lack nuclei (Figure lg) and, in some 
cases, the formation of the septum separates the nucleus 
into 2 different cells (Figure lh). These 2 lat ter  events 
may account for the relat ively poor viabil i ty of the conidia 
(57%) of this strain of N .  c r a s s a .  The last nuclear division 
occurs just  as the septum separating the conidia is formed. 
We have seen no evidence of nuclear division in mature  
conidia, although statistical counts indicate tha t  division 
may occur occasionally. The average number of nuclei is 
1.7g in the mature compared to only 1.47 in the newly 
formed conidium. 

Rapid germination of conidia was achieved by harvest-  
ing them from cultures grown in C medium for 10 days 
(maximum viability), washing the conidia 3 times in 
waLer and suspending them in fresh C medium (10 e 
conidia/ml). During germination the conidia were shaken 
to maintain aerobic conditions a t  25°C. The t ime for 
germination was found not to be consistent between 
conidia, and although heat  shocks decreased the average 
time for germination, they  did not  significantly synchro- 
nize ~:his process. Because of the great difference in t ime 
for a conidium to germinate (1-8 h), i t  is not  possible to 
predict stages of nuclear division with time. However,  the 
number of nuclei do relate clearly to the length of the 
germ tube (Figure 2). The average number of 1.79 nuclei 
increases slightly by the time the first bud of a germ tube 
appears on the swollen conidium, indicating tha t  a divi- 
sion is possible before the germ tube extends. By the t ime 
this tube is about 3 times the length of tlqe conidium, the 
number of nuclei has doubled. 

The question of whether nuclear division in N .  c r a s s a  

is classical cannot be answered simply. The patterns of 
division which we have observed in germinating conidia 
show a relat ively classical sequence of mitotic stages: non- 
dividing nuclei in conidia typically spherical and dense 
(Figure 3a) ; enlarged and less dense nuclei in the swelling, 
pregerminating conidia (3b); prophase-l ike characters 

(Figure 3c, d) followed by late prophase or metaphase-like 
chaxacters (Figure 3e) when the germ tube appears;  and 
an anaphase stage (Figure 3f) which shows indications of 
a spindle. However, these figure stages are not  usually 
localized in one area of the cell during the process of 
division but  become displaced and distorted due to the 
movement  of the cytoplasm during growth, especially in 
the young rapidly extending germ tubes and thin actively 
growing hyphae, where the dividing nuclei are often 
forced out and may display an elongated appearance 
(Figure 3g). The same can be said of hyphae constricting 
to form conidia (Figure 1). In older hyphae where move- 
ment  of the cytoplasm is not  as rapid, and in large hyphae, 
the distortion of the nucleus is not  as pronounced and a 
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Fig. 2. Average number of nuclei per germinat ing  eonidium as a 
function of length of germ tube at  25 °C in C medium. 
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Fig. 3. Conidia and germhlation stages of N .  crassa at 25 °C fixed with acetic acid-chloroform-alcohol, hydrolysed with 10% perehlorio 
acid, stained with Giemsa. a = conidium prior to germination with resting nuclei; b = swollen conldium prior to formation of germ tube; 
c and d = appearance of germ tube at different stages of prophase; e = metaphase (germ tube not in field of view); f ~ anaphase at left; 

g = distortion of dividing nuclei carried into germ tube. Scale: 1 cm = 8 i t. 
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more typ ica l  mitosis  is observed.  F o r  cer ta in  deve lop-  
men ta l  s tages of Neurospora, a facu l t a t ive  mechan i sm of 
longi tudinal  division of f i l amentous  nuclei  as advanced  
be KEEPING 0 and  W~.IJ~R et  al.4 m u s t  therefore  be con- 
s idered 7. 

nucl6aire que  celui, p lus  classique, des conidies  en  ger- 
minat ion .  

D. E.  BIANCHIS and G. TuRIAN 

Laboratoi~e de Microbiologie, Institut de Bota~ique gd~drale, 
Universitd de Gen~ve (SuSsse), 76th September Z966. 

Rdsumd. La  diff6renciat ion conidienne de Neu*'ospora 
crassa s ' a cc0mpagne  de divisions nucldaires dane lee 
hyphes  en  const r ic t ion jusqu'~t l ' a ch~vemen t  de la  septa-  
t ion  in ter-conidienne.  Dane  Ms hyphes  6troi ts  conidio-  
g~Iies, lee f igures mi to t iques  sen t  souven t  tr~s 6tir6es e t  
p eu v en t  correspondre  ~t un  au t re  mdcanisme de divis ion 
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High Frequency of Mast Cells in Spleens of 
A-Strain Mice 

Mast  cells are  mos t  f reqUent  in the  connec t ive  t issues of 
animals  of var ious  species, while  in l y m p h o i d  t issues the i r  
incidence is m u c h  more  l imi ted  1,s. Compar ison of t he  
re la t ive  f requency  of mas t  ceils in d.ifferent an imals '  
spleens s showed t h a t  t h e y  are  a b u n d a n t  b o t h  in t he  cap-  
sule and p a r e n c h y m e  of cows, calves, sheep, dogs and 
horses, while  in pigs and  rabb i t s  t h e y  are  m u c h  less fre- 
q u e n t  and  in. ra t s  p rac t i ca l ly  absent .  Nega t i ve  f indings of 
mas t  cells in t he  spleen were repor ted  in ra ts  and rabbi ts  4 
and in the  hedgehog 5. A smal l  a m o u n t  of mas t  cells was 
observed in t he  red  pulp  of mouse  spleen s. 

I n  t h e  p resen t  paper ,  t he  fin~ding of an  except iona l  
abundance  of m a s t  cells in  t he  spleen of inbred  mice of a 
few genet ica l ly  re la ted  strains,  in con t ras t  to the i r  ex-  
t r e m e l y  low f requency  in several  o the r  mouse  strains,  is 
described. The  s t rongly  posi t ive  s trains are the  A-s t ra in  
(which has  been  ma in t a ined  b y  s t r ic t  bro ther -s i s te r  
m a t i n g  in Prague  f rom 1956, w h e n  a few breeding  pairs  
were k ind ly  p rov ided  by  Dr. N. A. MITCHISON, Ed inburgh ,  
and which is  now denoted  A/Ph)  and its p r e s u m a b l y  con- 
genie: line': A;CA. Comparison w a s  m a d e  wi th  t he  inci-  
dence  o f  m a s t  cells in the  spleen a n t i ' t h y m u s  of mice  of  
severa l  o t h ~  s trdins;  f u r t h e r m o r e ;  ~spleens of rabbi ts ,  
rats ,  chickens and  ducks  were inves t iga ted  wi th  a nega t ive  
result .  

Af t e r  kflling t h e  an imal  by  cervical  dislocation,, t he  re- 
spec t ive  organs were  f i x e d  ove rn igh t  w i t h  4°/o formol  in 
MeI tvan  buffer  solut ion a t  p H  3.8; t he  tissues w e r e  then  
cu t  in to  10 /, th ick  sections on a freezing micro tome.  
Select ive  s taining of mas t  cells was per formed  by  toluidine 
b lue  (0 .5~  solution, 10 rain a t  p H  2.0). To control  the  
technique ,  some sections of A f P h  mouse spleen were  sub- 
mi t red ,  as a rule, tO the  same procedure  whi le  s ta in ing  
t issues of t h e  ' nega t ive '  s trains.  The  n u m b e r  o f - m a s t  
cel ls / ram s of t issues was c a l c u l a t e d  a ,  eording ,to t h e  fol-  
lowing fo rmula  by  FLODERUSV: x -~ n(1000/a + d -- 2h), 
where  n = the  n u m b e r  of m a s t  cells counted  in 1 m m  a, 
a = th ickness  of ~he sec t ion  (10 /~ in th is  case), d = the  
ave rage  d i ame te r  of  t h e m a s t  cell  ( taken as 5 /~), and  
h --- t h e  d i a m e t e r  of the  smal les t  nuc lea ted  segmen t  jus t  
resolvable  under  g iven  condi t ions  of microscopic observa-  
t ion  (0.3/~). 

Table  I gives t he  average  va lues  of this  p a r a m e t e r  (each 
based on 8-10 animals)  for 2- to  4-month-o ld  mice  of 
several  strains.  I n  Tab le  I I ,  5 addi t iona l  m o u s e  s t ra ins  

Table I. Comparison of mast cell frequency in spleen of mice of 
various strains {average values from 8-10 mice) 

Strain No. of mast Strain No. of mast 
cells/ram s cellslmm 8 
of spleen of spleen 

AIPh 26,042 4- 667 C57BL/10 264 4- 41 
A.CA 23,125 + 227 C57BL]6 90 4- 21 
A.SW 2,430 4- 204 B10 BY 521 4- 233 
CBA/J 111 q- 14 B10 D2 354 4- 37 
CBA/T6T6 111 4- 29 B10 Y 264 4- 43 
C3H 194 4- 35 B10 A 174 + 26 
PCTL 28 4- 20 BI0 AR v 139 4- 27 
LPR m 56 4- 23 B10 LP 90 4- 22 
NZB 90 4- 44 BI0 AR Ix 28 4- 21 
H 347 4- 62 

Table II. Individual values of the frequency of mast cells in mice of 
various strains 

Strain No. of mast cells/ram a of spleen 

1 2 

C3H/NB 0 0 56 
C3H.K 264 90 285 
RtIl  90 139 56 
B10 BR 56 397 397 
BIOM IIi 347 370 
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