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Fig. 1. C-metaphases induced by vinblastine [1.10-4M13 hi in Horde- 
um [ ), Vicia ( - ) and Nigella (...b 
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Fig. 2. Multipolar anaph ases induced in Nigella by vinblastine 1.10-4M 
(0) and 1.10-SM (�9 

Table II. Percentages of metaphase aberrations in Nigella damascena 

Concentration (M! Time after ~reatmen~ (h) 

0 4 8 12 24 

1.10 -4 1.7 0.3 0.7 3.0 0.0 
1.10 -~ 0.3 1.0 - - - 
Control 0.3 not investigated 2.0 

300 cells analyzed. -, Absence of C-metaphases. 

1 .10 -SMimmedia t e ly  af ter  t r e a t m e n t ,  b u t  decreased quick- 
ly w i th  the  recovery  period.  The lowest  concen t ra t ion  
only yie lded aber ra t ions  i m m e d i a t e l y  af ter  t r e a t m e n t .  

Besides the  r ad iomimet i c  aberra t ions ,  we also observed 
s t a thmok ine t i c  effects which  conf i rm for p l an t  mater ia l s  
the  da t a  ob ta ined  in an imals  so far. We not iced colchico- 
me taphase s  which  were somet imes  so numerous  t h a t  ana-  
phase  analysis  was p reven ted .  This  was the  case for bar ley  
and broad  bean  at  the  h ighes t  concen t ra t ion  b u t  i t  should 
be po in ted  out  t h a t  th is  effect  occurred somewha t  later  in 
Vicia (Figure 1). 

The modif ica t ion  of C-mitot ic  effects  runs  paral lel  to  
t he  rad iomimet ic  ones in the  3 species. Meros ta thmokine -  
t ic effects  ( incomplete  C-mitosis) were observed  all the  
t ime  which  consis ted in mul t ipo la r  anaphases  (Figure 2), 
me taphases -anaphases  suggest ing a par t ia l  d isorganiza t ion  
of spindle  fibers. 

The sens i t iv i ty  of Nigella damascena inci ted us to  ana-  
lyse fu r ther  me taphase  aberra t ions .  In  root  t ips  the  C-mi- 
to t ic  induc t ion  is roughly  p ropor t iona l  to  the  concent ra-  
t ion,  no C-metaphases  remain ing  at  the  lower concent ra-  
t ion  for dura t ion  longer t h a n  4 h af ter  t r e a t m e n t .  In  Table 
II ,  t he  chromosomal  aber ra t ions  observed main ly  con- 
sisted in breaks,  giving rise to  acentr ic  f ragments .  The 
a m o u n t  of such aber ra t ions  is ve ry  low as compared  wi th  
t h a t  ob ta ined  for anaphases .  These results  suggest  t h a t  

the  anaphase  aber ra t ions  were induced  subsequen t ly  to 
the metaphase ,  p ro b ab l y  a t  early anaphase .  They  can be 
related to  d i s tu rbances  of the  spindle  appara tus .  Their  
origin is the  same as t h a t  of mu l t ipo la r  a n a p h a s e s  
Discussion and conclusions. Nigella damascena has  always 
been repor ted  to  be a ve ry  sensi t ive p lan t  mater ia l  sui table 
for invesuga t ions  in mutagenes ls .  Thus  i t  is no t  surpr is ing 
t h a t  t he  h ighes t  a m o u n t  of ch romosomal  aber ra t ions  was 
observed wi th  t h a t  species, on the  one hand.  On the  o ther  
hand,  the  rad iomimet ic  effect  is all the  t ime low, if exist ing 
at  all, in the  two  o ther  species. Recen t  inves t iga t ions  
using d o m i n a n t  le thal  mu ta t i ons  in mouse 7 failed to de- 
tec t  mutagen ic  effects.  I t  can thus  be concluded t h a t  in all 
biological sys tems  so far inves t iga ted  the  mutagen ic  ac- 
t ion of the  v inb las t ine  is slight. However ,  the  C-mitot ic  
effect  could result  ind i rec t ly  in m u t a t i o n s  by  giving rise to 
polyploid  cells s. 

R6sumd. Des racines de Hordeum sativum, Vicia ]aba et 
Nigella damascena ont  6t6 t ra i t6es  par  des solut ions 
(1.10-4M ~ 1.10-6M) de v inblas t ine .  Chez les t rois  esp~ces, 
nous avons  pu observer  des effets s t a thmoc in6 t iques :  
C-m6taphases  e t  anaphases  mult ipolaires .  Chez Vicia et 
Hordeum, les t a u x  d ' abe r r a t ions  sont  trSs faibles;  pa r  
contre,  Nigella s 'es t  montr6e  plus sensible ~t Fact ion  ra- 
d iomim6t ique  de l 'alcaloide. 
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C h a r a c t e r i z a t i o n  o f  D N A s  f r o m  Coprinus lagopus a n d  Mucor azygospora 

Very l i t t le  in fo rmat ion  exis ts  on the  character is t ics  of fe ren t ia t ion  a t  molecular  level. BRITTEN and KOHNE 1_ 
fungal  DNAs. '  Since D N A  serves as the  basis for the  func- have  shown t h a t  t he  s tudies  of DNA:  DNA dissociat ion 
t ional  and  genet ical  d i f fe ren t ia t ion  of an organism,  i t s  and  reassociat ion react ions  give very  rel iable in format ion  
charac te r iza t ion  becomes  necessary  for any  s t u d y  of dif- regarding the  na tu re  of D N A  and  genome size ( total  D N A /  
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hap lo id  nucleus)  of a n  o rgan i sm.  Ea r l i e r  2-~ we h a v e  re- 
p o r t e d  our  p r e l i m i n a r y  obs e r va t i ons  on  t he  cha rac te r i s t i c s  
of Neurospora a n d  C. lag@us DNAs.  This  p a p e r  descr ibes  
our  s tud ies  on  yield,  p u r i t y  and  t h e r m a l  profi le  of C. lago- 
pus a n d  M. azygospora D N A s  a n d  k ine t ics  of reassoc ia t ion  
a n d  occurrence  of r epea t ed  sequences  in  C. lagopus DNA.  

The  wi ld  t y p e  s t ra ins ,  I-I,A6B 5 a n d  No. 99.1 of C. lago- 
pus were o b t a i n e d  f rom Dr.  PETER DAY Of Connec t i cu t  
Agr i cu l tu r a l  E x p e r i m e n t  S ta t ion ,  New H a v e n ,  Conn. M.  
azygospora (s t ra in  ACTC 1105) was o b t a i n e d  f rom t h e  
A m e r i c a n  T y p e  Cul tu re  Center ,  Be thesda ,  Mary land .  14C- 
label led  D N A  of Escherichia coli was k ind ly  suppl ied  b y  
Dr. ROY BRITTEN Of t he  Carnegie  I n s t i t u t i o n  of W a s h i n g -  
ton ,  D.C. 

C. lagopus, b o t h  in s tock  cu l tu re  or in expe r imen t s ,  was  
g rown in  FRIES s m i n i m a l  med ium.  Mycel ia l  suspens ion  
was used  as i n o c u l u m  for  e i t he r  myce l ia l  g r o w t h  or oidial  
p roduc t ion .  Mycel ia  were g rown in l iquid  cu l tu re  whereas  
oidia  were p roduced  on  solid m ed i um .  Af te r  72 h g r o w t h  
t h e  myce l i a  were ha rves t ed ,  washed  w i t h  de ionized  w a t e r  
a n d  frozen. Af te r  t he  i n c u b a t i o n  period,  necessa ry  for 
t h e i r  d e v e l o p m e n t  (7-10 days),  t he  oidia  were h a r v e s t e d  
f rom the  aga r  surface  b y  b r u s h i n g  w i t h  a glass rod  in pre-  
sence of de ionized  w a t e r  a n d  pass ing  t h r o u g h  a 4-fold 
cheese cloth.  Oidial  cells were t h e n  pe l le ted  {rom t he  sus- 
pens ion  b y  c e n t r i f u g a t i o n  a t  5000 g. 

Mucor azygospora s tock  cu l tu re  was m a i n t a i n e d  on  po- 
t a t o  dex t rose  aga r  p l a n t s  a t  24~ T he  sporang iospores  
were used as i n o c u l u m  a n d  mass  cu l tu re  was g rown in 
c o m p l e t e l i q u i d  m e d i u m  u n d e r  ae r a t i on  a t  24 ~ in VOGEL'S s 
m e d i u m  c o n t a i n i n g  soluble  s ta rch .  

Mycel ia  g rown in p h o s p h a t e  def ic ien t  m e d i u m  were 
used as i n o c u l u m  for  ~ P labe l l ing  of t h e  D N A  fol lowing 
t h e  p rocedure  descr ibed  b y  I)UTTA ~. D N A  was i so la ted  
e i t he r  f rom the  f reeze-dr ied  (for un labe l l ed  DNA) or we t  
myce l i a  (for 3~p label led  DNA) us ing  a newly  deve loped  
D N A  i so la t ion  t e c h n i q u e  3. T he  use of 1 M  sod ium per-  
ch lo ra t e  was  found  necessa ry  for t he  i so la t ion  of Coprinus 
DNA.  

I n  order  to  get  r id  of cross- l inked DNA,  14C E. coli D N A  
and  3~p C. lag@us D N A  in 0 . 1 4 M  p h o s p h a t e  buffer  (PB) 
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Fig, 1. Optical melting curves of DNAs in 0.12 M PB from mycelia of 
C. lagopus and M. azygospora recorded in Gilfor d (260 nm) spectro- 
photometer. The mycelia ceils were freeze-dried and the DNA was 
isolated by Urea-Phosphate-sodium perehlorate method ~ on hydro- 
xyapatite column. 

were  d e n a t u r e d  s e p a r a t e l y  b y  bo i l ing  for 2-3  m i n  in a 
w a t e r  b a t h .  The  d e n a t u r e d  D N A s  were t h e n  qu ick ly  
cooled to  60 ~ a n d  passed  r a p i d l y  over  a h y d r o x y a p a t i t e  
c o l u m n  e q u i l i b r a t e d  a t  60~ w i t h  0 . 1 4 M  PB.  U n d e r  these  
cond i t ions  crossAinked D N A  are adso rbed  to  t h e  hydro -  
x y a p a t i t e  whi le  s ingle s t r a n d  D N A  pass  t h r o u g h  t he  co- 
lumn.  B o t h  in C. lag@us a n d  E. coli t h e  va lues  for cross- 
l inked  D N A  and  zero t i m e  h y b r i d i z a t i o n  were found  to  be  
2 to  4 %  a n d  less t h a n  0.1%, respec t ive ly .  The  D N A  of M.  
azygospora was n o t  labelled.  

The  p u r i t y  of D N A s  was t e s t ed  b y  h y p e r c h r o m i c  sh i f t  
of t he  i so la ted  D N A  samples ,  b y  me l t i ng  t h e  D N A  in 
0 . 1 2 M  P B  and  record ing  t he  increase  in a b s o r b a n c e  a t  
260 n m  w i t h  a Gilford 2400 s p e c t r o p h o t o m e t e r .  Tests  done  
for t he  p u r i t y  of 32p label led  D N A  were :  acid so lubi l i ty  
(0 .2-3%),  a lka l ine  l ab i l i ty  (0 .2-0 .3%),  R N a s e  l ab i l i ty  
(none), a n d  D N a s e  l ab i l i t y  (95-98%) .  

Af te r  t h e  above  s teps  of pur i f i ca t ion ,  E. coli and  C. la- 
gopus D N A s  were mixed  and  shea red  t o g e t h e r  a t  50,000 ~0 
for D N A :  D N A  reassoc ia t ion  k ine t i c s  s tudies .  Reassocia-  
t i on  was pe r fo rmed  accord ing  to t h e  m e t h o d  of BRITTEN 
a n d  KOHNE 1. 

Oidial  cells were used  for t he  e s t i m a t i o n  of t o t a l  D N A  
per  hap lo id  nuc leus  us ing  t r i ch lo roace t i c  acid (TCA) pro- 
cedure  as descr ibed  b y  SCHNEIDER9 An  oidial  cell, con- 
t a i n i n g  a p p a r e n t l y  a single nucleus,  was  e s t i m a t e d  to con- 
t a i n  a p p r o x i m a t e l y  0.7 • 10 -13 g D N A  which  cor respond  
to  a b o u t  4.2 • 10 l~ da l tons  a p p r o x i m a t e l y .  Th i s  e s t ima te  
was found  to  be g rea te r  t h a n  t h a t  o b t a i n e d  b y  D N A  : D N A  
reassoc ia t ion  k ine t ics  s tudies .  The  va lues  o b t a i n e d  b y  t he  
reassoc ia t ion  k ine t ics  ref lect  t he  genome  size w i t h  respect  
to  un ique  sequences  only. F r a c t i o n a t i o n  of 32p label led  
w h o l e - D N A  on h y d r o x y a p a t i t e  revea ls  t h a t  a p p r o x i m a t e l y  
10% of t he  C. lag@us D N A  is composed  of r epea t ed  D N A  
sequences.  Th i s  m i g h t  p a r t l y  a c c o u n t  for the  d i sc r i epancy  
as s ta ted .  These  r e p e a t e d  D N A  sequences  are p r o b a b l y  of 
n o n - n u c l e a r  or igin 2. 

A p p r o x i m a t e l y  300 to  400 ~xg of h igh ly  pur i f ied  D N A  
was o b t a i n e d  on  a n  ave rage  f r o m  1 g of ( equ iva len t  to  
a p p r o x i m a t e l y  10 g we t  wt.) l yophy l i zed  myce l ia l  powder  
of Coprinus lag@us us ing  u r e a - p h o s p h a t e - N a - p e r c h l o r a t e  
m e t h o d  3. F r o m  i g of wet  wt.  of o id ia  a n  ave rage  of appro-  
x i m a t e l y  3 0 . D . s  (150 ~zg) of D N A  was ob ta ined .  

F igure  1 shows t h e  t h e r m a l  profi le  cu rve  for C. lag@us 
mycel ia l  DNA.  The  h y p e r c h r o m i c i t y  of D N A  iso la ted  was 
a p p r o x i m a t e l y  25-27 %. The  g rea t e r  p a r t  (more t h a n  90 %) 
of t h e  D N A  seems to con t a in  1 m a j o r  f r ac t ion  h a v i n g  a 
t e m p e r a t u r e  of 91.5 ~ ( G + C  = 52%).  A v e r y  smal l  frac- 
t i on  (less t h a n  10%) of the  D N A  h a v i n g  a low t e m p e r a t u r e  
of 82.5 ( G + C  c o n t e n t  32%) is also e v i d e n t  f rom the  Fi- 
gure  1. This  m i n o r  c o m p o n e n t  of Coprinus D N A  could no t  
be  seen in p r e p a r a t i o n s  b y  p rev ious  i so la t ion  p rocedures  10. 
The  Coprinus D N A  is m a r k e d l y  d i f fe ren t  in  t h i s  respec t  
f rom the  Neurospora v2 D N A  w h i c h  has  a t  leas t  25% of 
low GC (32%) a n d  a p p r o x i m a t e l y  75% h i g h  GC (52%) 
con t en t .  
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S. K. DOTTA, Microb. Genet. Bull. 26, 6 (1967). 
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400 (1970). 

9 W. C. SCHNEIDER, Meth. Enzym. 680 (1956). 
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f.coli l/2Co~ -- l12Cot C./aQopus~ 
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Fig. 2. The kinetics of reassociation of 8zp C. lagopus and I*C E. coli 
DNAs, measured by hydroxyapatite chromatography. The DNAs 
were mixed, sheared together at 50,000 ~r/and incubated in the pro- 
portion of 10:1 by O.D. (C. tagopus : E. coli). For 10w Cot values, the 
reaction mixture was adjusted to 0.14 M phosphate buffer and incu- 
bated at 60~ For higher Cot values the phosphate concentration 
was adjusted to 0.48M and incubated at 65 ~ For uniformity in ex- 
pression all Cot values were converted in equivalent to 0.12M PB. 

Thermal  profi le  curve  (Figure 1) of M.  azygospora D N A  
sugges t  d i s t i nc t ly  one c o m p o n e n t  hav ing  38 G + C  mole 
percent .  One g freeze-dried mycel ia l  cells y ie lded approxi -  
m a t e l y  500-600 [zg DNA. 

Figure  2 summar izes  the  resul ts  of expe r imen t s  of re- 
associa t ion kinet ics  which  gives a good es t imate  of the  ge- 
nome  size of C. lagopus. Since C. lag@us D N A  conta ins  
(less t h a n  12%) repea ted  D N A  (fast reassociat ing) th is  
f rac t ion  was r em oved  by  giving a Cot of 1.0 approx imate ly .  
These resul ts  show t h a t  E. coli reassociates  8.8 t imes  fas ter  
t h a n  C. lagopus DNA. I t  is well k m o w n  n t h a t  an E. coli 
genome con ta ins  abou t  2.8 • 109 da l tons  of DNA, thus  a 
Coprinus haplo id  nucleus should  con ta in  abou t  2.5 • 10 l~ 
da l tons  of DNA. The expe r imen ta l  deta i ls  of th i s  s t u d y  
are expla ined  in the  legend of Figure  2. Thus  a p p a r e n t l y  
t he  Coprinus genome is s l ight ly  larger t h a n  N.  crassa 1~ 
genome size, 2.2 • 1010. We  have  no t  m a d e  such s tudies  for 
M.  azygospora bu t  a recen t  s t u d y  made  in M. bacilliformis 
by  R. SEIDLER (taken f rom reference 13) suggest  a genome 
size of 2 X 101~ dal tons .  

These da t a  fi t  in ve ry  well when  one considers  t he  evo- 
lu t ion f rom s impl ic i ty  towards  complexi ty .  The order  of 
evolut ion  in these  3 organisms could be Mucor - Neurospo- 
ra - Coprinus ; which  in t u r n  agrees excel lent ly  w i th  the  
expe r imen ta l  evidence of genome evolut ion.  An elabora-  
t ion  of these  po in t s  can be found elsewhere 14,15. 

Occurrence of repeated DNA sequences in C. lagopus 

Whole DNA Non-repeated DNA 

Cot Hybr id iza t ion  Cot 
(%) 

Hybridization 
(%) 

0.47 7.5 0.03 0.047 
1.26 9.0 0.64 1.05 
2.52 17.6 2.00 3.80 
8.8 42.9 6.30 18.00 

25.25 64.4 22.10 34.00 
416.00 89.9 632.30 95.05 

Summary of 32p labelled and unlabelled DNA:DNA reassociation 
within the whole and non-repeated DNAs. Cross-linked DNAs were 
removed from S2p-labelled DNA before the reaction was run. Non- 
repeated DNA was obtained by eluting single strand DNA from 
hydroxyapatite column by giving a Cot of approximately 1.0. Cot = 
M x see/1. 

F r ac t i ona t i on  of 82p label led whole D N A  on h y d ro x y -  
apa t i t e  reveals  t h a t  pe rhaps  less t h a n  12% of t he  D N A  is 
composed  of r epea ted  D N A  sequences.  I t  is no t  known  
ye t  w h a t  pe rcen t  of these  repea ted  D N A  sequences  are 
nuclear .  In  N crassa i t  is observed  t h a t  r ibosomal  R N A  15 
cis t rons  are r epea ted  which  are nuclear  DNA. The Table  
summar izes  resul ts  of the  hybr id iza t ion  react ions  of 
whole and  non- repea t ed  DNAs.  Reassocia t ion  of dissociat-  
e d ( n a t i v e )  D N A  by  opt ical  me thod ,  in Gilford 2400 (by 
quickly chang ing  100~ to 60~ done by  Dr. D. E. KOH- 
NE of Carnegie I n s t i t u t i o n  of Wash ing ton ,  D. C., also 
suggest  t h a t  Coprinus has  ve ry  low percen tage  of r epea ted  
D N A  sequences.  We have  no t  s tud ied  the  occurrence of 
repea ted  D N A  sequences  in M. azygospora yet.  

Resumd. Les r ap p o r t s  G + C  des ADN de Coprinus lago- 
pus et Mucor azygospora on t  6t6 6tudi6s. Le profil  de fusion 
indique  que  I 'ADN du C. lag@us est  compos6 de deux 
fractions,  une  pr incipale  (90%) de r a p p o r t  G + C  52 moles 
pourcent ,  une  mineure  (10%) de G + C  32 moles pourcent .  
Pa r  cont re  I 'ADN de M.  azygospora con t ien t  une f rac t ion  
unique de G + C  38 moles  pourcent .  L '6 tude  de la cin6- 
t ique  de r6associat ion D N A : D N A  mo n t r e  que la d imen-  
sion g6nomique (<<genome size~>) de C. lag@us est  de 
2 • 1012 et  qu ' i l  y a moin  de 10% de D N A  ~ s~quences 
r@6t6es de nucl6otides.  
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