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Parasexual  Cycle in Dermatophytes  

The  work  s u b m i t t e d  p re sen t s  for t he  f i rs t  t i m e  proof  of 
t he  ex is tence  of p a r a s e x u a l  cycle in  d e r m a t o p h y t e s ,  fungi  
pa ras i t i c  for  m a n  and  animals .  Our  f ind ings  p a v e  t he  way  
for so lv ing  a series of p rac t i ca l ly  i m p o r t a n t  p r o b l e m s  b y  
genet ic  ana lys i s  (genetic con t ro l  of vi rulence,  morphogene -  
sis, etc.). The  p a r a s e x u a l  cycle inc ludes :  or igin of he te ro-  
k a r y o n s ;  f o r m a t i o n  of he t e rozygous  d iploids ;  segrega t ion  
a n d  r e c o m b i n a t i o n  a t  mitosis .  Quo ted  he r e i na f t e r  are br ief  
proofs  r e l a t i ng  to all t h r e e  phases  of t he  cycle. 

For  t he  p r e p a r a t i o n  of m u t a n t s  we used t he  wild s t r a in  
MG-155 (a, cre) of t he  d e r m a t o p h y t e  Microsporum gyp- 
scum (Bodin) GUIART et  GRIGORAKI 1928 (perfect  st.  Nan-  
n izz ia  incurvata Stockda le  1961). Th i s  s t r a i n  is p ro to t ro -  
ph ic  a n d  a b u n d a n t l y  p roduces  mic rocon id ia  1. B y  means  
of U V - r a d i a t i o n  we p r e p a r e d  69 a u x o t r o p h s  w i t h  colour  
m a r k e r s  2, 3. 

W i t h  t he  he lp  of a m i c r o m a n i p u l a t o r  a d i rec t  proof  of 
he t e roka ryos i s  was  real ized b y  i so la t ing  h y p h a l  t ips .  Nu-  
t r i t i o n a l  c o m p l e m e n t a t i o n  on m i n i m a l  m e d i u m  a n d  mor-  
phologica l  c o m p l e m e n t a t i o n  on comple te  m e d i u m  (CM) was 
used to  i nd i ca t e  ind i rec t ly  t he  h e t e r o k a r y o t i c  cons t i tu -  
t ion .  Growing  sectors  o r ig ina t ed  more  qu ick ly  du r ing  
g r o w t h  of t h e  h e t e r o k a r y o n s  on  m i n i m a l  m e d i u m  (MM). 
D a t a  g iven  t e s t i fy  to  t h e i r  d ip lo id  cons t i tu t ion .  

The  p h e n o t y p e .  H e t e r o k a r y o n s  on  MM are a lways  not-  
ed for r educed  g rowth  r a t e  a n d  he t e rogenous  morpho logy .  
G r o w t h  a n d  m o r p h o l o g y  of diploids  are iden t ica l  b o t h  on 
MM a n d  CM w i t h  the  wild s t r a in  MG-155 : c r eam a n d  pro- 
t o t r o p h i c  co lony w i t h  a b u n d a n t  microconidia .  He te ro -  
k a r y o n s  easi ly  d issocia te  in to  hap lo id  c o m p o n e n t s ;  the  
diploids,  however ,  are cons t an t .  

Conidia l  s izO.  F r o m  each  s t r a i n  100 mic rocon id ia  were 
m e a s u r e d  (Table).  The  l eng th  of t h e  conidia  is in all  di- 
ploids  s ign i f i can t ly  g rea te r  t h a n  in t he  hap lo id  s t ra in .  The  
change  in length ,  however ,  was  no t  suff ic ient  to  a l low the  

poss ib i l i ty  of us ing  i t  as a fac tor  to  d e t e r m i n e  p lo idy  in mi-  
to t i c  segregants .  The  w i d t h  of t he  conid ia  r e m a i n e d  un-  
changed .  

Nuc lea r  size. The  nucle i  were coloured  b y  HC1-Giemsa 5. 
The  nuc lea r  d i a m e t e r  was  m e a s u r e d  in t w e n t y  micro-  
conid ia  f rom each  s t ra in .  As to diploids,  t he  vo lume  of t he  
nuc leus  (calcula ted as vo lume  of sphere)  was 1.4-1.6 
t i m e s  g rea te r  t h a n  in t h e  hap lo id  s t r a in  (Table).  

Mi to t ic  r e c o m b i n a n t s .  H e t e r o k a r y o t i c  cons t i t u t i on  is 
no t  t r an s f e r r ed  t h r o u g h  microconid ia .  On ly  coloured co- 
lonies of b o t h  t he  a u x o t r o p h i c  c o m p o n e n t s  were found  
growing in conid ia l  spreads .  Most  colonies w i t h  comple-  
m e n t a r y  p h e n o t y p e s  were fo rmed  in spreads  f rom diploids. 
The  f r equency  of segregan t s  va r ies  in  accordance  w i t h  the  
gen0 types  of diploids.  F r o m  each  of t he  12 diploids u n d e r  
s tudy ,  we o b t a i n e d  mi to t i c  r e c o m b i n a n t s .  On t he  examp-  
les in  con id i a l  sp reads  f rom diploids  yel bio/vio ino (pre- 
p a r e d  f rom m u t a n t s  6/39 and  7/4) we i so la ted  classes of 
segregants  of t he  fol lowing p h e n o t y p e s :  1. rio+ yel+ bio+ 
ino+; rio+ yel bio ino+; rio yel+ bio+ ino; 2. rio+ Tel+ bio 
ino+; rio+ yel bio+ ino+; vio+ yel bio ino ; rio+ yel bio ino+ ; 
3. t he  colonies of 2 new morpholog ica l  t ypes  (marked  m 1, 
m2): m 1 i n o  b i o  ; m 2 i n o  b i o  ; m 2 i n o +  b io .  

The  occurrence  of m i to t i c  r e c o m b i n a n t s  yields a con- 
v inc ing  proof  of d iploid  cons t i tu t ion .  I n  Microsporum 
gypseum, h e t e r o k a r y o n s  a n d  diploids  v e r y  of ten  or ig ina te  
u n d e r  s t a n d a r d  c u l t i v a t i o n  condi t ions .  W e  surmise  t h a t  
th i s  m a y  be  t he  case even  w i t h  o the r  species of these  para -  
si t ic  fungi.  

Zusammen/assung .  Die d ip lo iden  S t / imme u n d  die von  
i h n e n  g e w o n n e n e n  m i t o t i s c h e n  R e k o m b i n a n t e n  be im  
D e r m a t o p h y t e n  Microsporum gypseum werden  beschr ie-  
ben.  

K. LENHART a n d  N. HEJTM~-NKOV.~ 

Size of microconidia and nuclei in haploid and diploid strains 

Genotype Ploidity Length of Diameter Volume 
micro- of nucleus of nucleus 
eonidia (~xm) (txm 3) 
(~m) 

ino ere n 3.7 1.1 0.73 
bio och/ino yel 2 n 5.7 1.3 1.19 
bio vio[ino bre 2 n 5.2 1.3 1.04 
Mo lye/ino bre 2 n 4.6 1.3 1.06 
bio yel/ino cin 2 n 5.3 1.2 1.01 
bio vio/ino lye 2 n 4.1 1.3 1.04 
bio lye/ino cin 2 n 4.2 1.3 1.09 

n, haploid; 2 n, diploid 
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Stability of Tritiated Thymidine  During Prolonged Labelling of Human Blood Leukocyte Cultures 

Since 1960 t r i t i a t e d  t h y m i d i n e  has  been  used ex tens i -  
ve ly  for s t u d y i n g  the  r ep l i ca t ion  of ch r om os om es  1. The  
m o s t  wide ly  used  m e t h o d  of l abe l l ing  c h r o m o s o m e s  is a 
20 m i n  i n c u b a t i o n  w i t h  t r i t i a t e d  t h y m i d i n e .  R e c e n t l y  a 
p ro longed  l abe l l ing  m e t h o d  in  w h i c h  cells are i n c u b a t e d  
for 50 to  72 h in m e d i u m  w i t h  r ad i oac t i ve  t h y m i d i n e  has  
b e e n  i n t r o d u c e d  2-e. The  i m p l i ca t i on  of s tud ies  us ing  the  

p ro longed  i n c u b a t i o n  m e t h o d  is t h a t  l i t t l e  or no  degrada-  
t ion  of label led  t h y m i d i n e  occurred.  However ,  to  our  
knowledge,  t he  on ly  p u b l i s h e d  d a t a  on s t ab i l i t y  of t r i t i a t -  
ed t h y m i d i n e  in cu l tu res  showed  a r ap id  d e g r a d a t i o n  of 
the  label  to  t r i t i a t e d  t hymine7 .  This  s t u d y  used suspen-  
s ions of e i the r  dog bone  m a r r o w  cells, dog thorac ic  d u c t  
l y m p h o c y t e s  or h u m a n  leukemic  b lood  in au to logous  se- 
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rum.  I t  therefore  seemed appropr i a t e  to  re inves t iga te  the  
s tab i l i ty  of rad ioac t ive  t h y m i d i n e  under  t he  usual  condi-  
t ions  of normal  h u m a n  leukocyte  cultures.  

20 ml  of hepar in ized  venous  blood was collected and  
the  leukocytes  were cul tured  by  the  m e t h o d  of MOOR- 
HEAD et  al. s. Cells were d i lu ted  to a f inal  concen t ra t ion  
1.5• m m  3 in Min imum Essent ia l  Medium (Grand 
Is land  Biological Co.) to  which  15~o fetal  calf serum, 
phy tohemagg lu t in in -M 2% final  concen t ra t ion  (Difco 
No. 485336) and  ant ib io t ics  (50 U penicil l in and  50 Jig 
s t r ep tomyc in  per  ml) were  added.  Tr i t i a ted  t h y m i d i n e  
(2.0 Ci/m-moie, New Eng land  Nuclear) was added  to  a f inal  
concen t ra t ion  of 0.1 ~xCi/ml. Dupl ica te  a l iquots  of t he  cell 

t h e  p resen t  s tudy  and  the  previous  results  of RUBINI 7 are 
p ro b ab l y  expla ined by  mark ed  differences in the  me t h o d s  
of culture.  RUBINI used high concen t ra t ions  of cells in re- 
la t ive ly  small  vo lume of med i u m and  m a n y  of his prepa-  
ra t ions  were r ich in granulocytes  which  conta in  h igh  thy-  
mid ine  phosphory lase  ac t iv i tyL  On the  o ther  hand ,  our 
s tudies  were carr ied ou t  under  the  usual condi t ions  used 
for leukocyte  cul tures  and  ch romosome  prepara t ions .  

Zusammen/assung. Der Stoffwechsel  des aH-Thymidins  
ill B lu t -Leukozy ten  wurde  w i h r e n d  langfr is t iger  Inkuba -  
t ion  s tudier t .  Die Bed ingungen  waren  dieselben, die ge- 
wShnl ich  fo r ChromosomenprS.para te  angewende t  werden.  

Determination of tritiated thymidine in medium from lymphocyte cultures at various times 

Time of incubation Total cpm in medium~ Total epm in thymidine b Total epm in thymine b Total cpm in thymidine + thymine 
(h) 

0 h (no cells) 52,422 47,622 1,404 49,026 

0 h (with cells) 66,353 :~ 2,945 54,376 -r 216 1/438 -4- 180 55,814 4- 198 

5 h (with ceils) 75,932 4- 2,076 71,964 :~ 5,196 1,022 • 168 72,986 • 2,682 

28 h (with cells) 88,849 -4- 9,648 52,416 4- 10,260 3,628 i 936 56,194 =E 5,598 

51 h (with cells) 69,903 • 5,134 58,916 :~ 2,772 2,052 i 180 60,968 :~ 1,476 

72 h (with cells) 74,772 • 2,686 53,028 -4- 5,292 1,836 4- 288 54,864 4- 2,790 

aThe average of 2 duplicate determinations and their standard deviations is shown in the first 3 columns of the table. Thymidine and thymine 
were separated by ascending chromatography as described in the text. The Rf values for thymidine and thymine were 0.275 and 0.44, respecti- 
vely. bAll data were corrected for quenching as determined by the use of internal standards. The efficiency of counting for tritium was approxi- 
mately 60%. 

suspens ion  were ha rves t ed  at  0, 5, 28, 51 and  72 h af ter  
onse t  of incubat ion .  The cells were separa ted  f rom the  me- 
d ium by  centr i fuging at  2000 r p m  at  4 ~ Rad ioau tog raphs  
of cells p repa red  af ter  72 h of g rowth  in med ium wi th  tr i-  
t i a t ed  t h y m i d i n e  showed t h a t  near ly  all cells had  incor- 
po ra t ed  be tween  100-200 grains per  nucleus.  The radio-  
ac t iv i ty  in 0.1 ml  of m e d i u m  f rom each sample  was  de- 
t e rmined  by  scint i l la t ion count ing  in 15 ml  of Bray ' s  dio- 
xane  solut ion 9.5 mg of unlabel led t h y m i d i n e  and  t h y m i n e  
were added  to  each ml  of m e d i u m  as carr ier  and the  sample  
was  vigorously boiled for 30 mill  to  deprote in ize  it. The  so- 
lu t ion was clarif ied by  cen t r i fuga t ion  and  50 fzl of t he  su-  
p e r n a t a n t  was dr ied as a 1 cm spo t  on WHATMAN NO. 1 
paper .  Ascending  c h r o m a t o g r a p h y  was carr ied ou t  using 
a so lvent  sys t em descr ibed by  FINI~ et  al. I~ which  is the  
upper  phase  f rom a mix tu re  of e thy l  acetate ,  w a t e r  and  
formic acid (60: 35:5). This  sys t em was selected since i t  
p rovides  the  bes t  separa t ion  of t h y m i d i n e  f rom its  ma jo r  
degrada t ion  p roduc t  t hymine .  The ch roma tog rams  were 
dr ied and  examined  under  UV-l igh t  to  locate t he  t hymi -  
d ine  and t h y m i n e  spots.  E a c h  spot  was cut  f rom the  chro- 
m a t o g r a m s  and  placed in a to luene  based sc int i l la t ion 
fluid. In t e rna l  s t anda rds  were used to  measure  quench ing  
by  m e d i u m  and  paper .  

The Table  shows t h a t  t he  to ta l  t r i t i um con ten t  of the  
med ium is essent ial ly  unchanged  dur ing  7 2 h of incubat ion .  
Moreover,  near ly  all the  r ad ioac t iv i ty  in the  m e d i u m  is 
t r i t i a t ed  t h y m i d i n e  t h r o u g h o u t  the  72 h of incubat ion .  
These results  ind ica te  t h a t  in h u m a n  leukocyte  cul tures  
t he  pro longed labell ing m e t h o d  is val id  since the re  is l i t t le 
deple t ion  or degrada t ion  of label. The difference be tween  

So gelang es, menschl iche  Leukocy ten  w/~hrend 72 Stun-  
den  mi t  Ha-mark ie r t em T h y m i d i n  zu inkubieren,  ohne 
dass das mark ie r te  T h y m i d i n  durch  die Leukozy t -Thymi -  
d in -Phosphory la se  zers t6r t  wurde.  
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