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Table III. Epidermal mitotic index 4 h after injection of skin extracts 

10 Mice in each group Mitotic index Depression (%) 
(Mean ~ SE) 

Control 11.25 • 0.63 
Ethanol fraction 5.50 ~- 0.20 51 �9 
G 2 chalone 6.10 ~ 0.33 46 �9 

caused by  the  inhib i tor  of DNA synthes is  (G1 chalone) 
which  MARKS 6 has isolated f rom this  e thanol  fract ion.  
The purif ied G e chalone reduced ne i ther  the  a m o u n t  of 
incorpora ted  8H- thymidine  nor  the  labell ing index, 
whi ls t  exhib i t ing  a powerful  inh ib i tory  effect  on ep idermal  
ceils f lowing in to  M-phase  (Tables I, I I  and  I I I ) .  A 
repea t  of th is  expe r imen t  assaying G 2 chalone a t  11/2 and  
4 h af ter  a single dose (1.2 ~zg/g body  weight)  revealed 
ne i ther  an early, t r ans i en t  inhibi t ion of 3H- thymidine  
incorpora t ion ,  nor  a change  in labelling index.  

The poss ibi l i ty  of the  G 2 chalone hav ing  a s t rong 
inh ib i to ry  effect  on the  flow of cells into S-phase,  or on 
epidermal  cells engaged in genome replication,  can be 
t e n t a t i v e l y  dismissed.  The purif ied G z chalone is thus  
phase-specif ic  in its inh ib i to ry  action. I t  has  a l ready  been 
d e m o n s t r a t e d  t h a t  th is  inhibi tor  is t issue-specific,  
species nonspecif ic  and t h a t  i t  inhibi ts  mitosis  revers ib ly  
in vivo and  in v i t ro  ~0, n.  

The results  in Tables I I  and I I I  show clearly t h a t  the  
e thanol  f ract ion conta ined  also the  G 2 inh ib i to ry  factor  

and  thus  depressed D N A  synthes i s  as well as mitosis.  
MARKS 6 has  a l ready  shown  t h a t  th is  e thanol  f rac t ion  is 
free of non-specif ic  inhib i tors  of DNA synthesis .  Like- 
wise, the  incorpora t ion  of aH- thymid ine  by  in tes t ina l  
cells was no t  affected dur ing  the  expe r imen t s  descr ibed 
here. 

Thus  it can be concluded t h a t  t he  ep idermal  G 2 
chalone inhibi ts  only  the  flow of cells into M-phase.  The 
puri f ied G~ chalone has  ye t  to be ana lyzed  to es tabl ish  
i ts  exac t  po in t  of ac t ion in the  cell cycle. This knowledge is 
essent ia l  if the  mechan i sm of chalone regula t ion of ceil 
prol i fera t ion  is to  be unders tood .  

Summary. Pur i f i ed  epidermal  G2 chalone does no t  
inh ib i t  D N A  synthes is  or influx of S-phase cells and  is 
therefore  cell cycle phase-specif ic ,  inhib i t ing  only  the  
flow of cells into M-phase.  
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Cells t h r o u g h o u t  the  cent ra l  region of the  adu l t  ver-  The frog lens ep i the l ium exhibi t s  a Circannual p a t t e r n  of 
t eb ra t e  lens ep i the l ium are normal ly  quiescent  re la t ive  
to mitosis  2, a. However  t h e y  can be t r iggered to divide  as 
a resul t  of mechanicaD,  5 or chemical  6.s insul t  or by  
exposure  of the  cul tured lens to se rum 9 or insulin ~~ 
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Fig. 1. Seasonal variation in proliferative activity in toadfish lens 
epithelium. Animals were killed periodically, as indicated, and lens 
epithelium wholemounts were scored for mitosis. Mean values for 
total division figures per lens preparation are plotted. Highest and 
lowest scores per interval are shown. Each point represents data 
from at least 6 lenses. Note the increase in mitosis from May to 
August. 

mi tosis  t h a t  may  be under  t he rmoendoc r ine  controll2,  z3. 
In  order  to show t h a t  the  seasonal  p a t t e r n  of mi tos is  as 
documen ted  in the  a m p h i b i a n  lens is of general  occurrence 
it will have  to be d e m o n s t r a t e d  in several  species. In  this  
s t u d y  we 1. character ize  the  p a t t e r n  of mitosis in the  
toadf i sh  lens, 2. explore seasonal  v a r i a t i o n  in t h a t  pa t t e rn ,  
and  3. de te rmine  the  effect  of needle in jury  on the  p a t t e r n  
of D N A  synthes is  and cell division in the lent icular  
epi thel ium.  

1 Supported by USPHS Grant No. EY-00362-08 and EY-53483 
from the National Eye Institute and AEC Contract No. AT (11- 
1)2401. 
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Fig. 2. Whole-mount preparation obtained 96 h after injury. Note 
the disorganization of the epithelial layer and the numerous mitotic 
figures. The injury is in the lower right hand corner (Hematoxylin). 

Fig. 3. Whole-momlt preparatio~l obtained 7 days post-injury. Note 
regions of cellular accumulation at the site of the wound and mitotic 
figures located in areas of cell sparsity (ltematoxylin). 

Materials  and methods. Toadfish,  Opsanus tau, 175- 
520 g, were killed dur ing  var ious  m o n t h s  a t  noon -t-2 h 
and  f l a t -moun t s  14 of the  lens ep i the l ium were prepared .  
In  some cases animals  were in jured  uni la tera l ly  by  the  
t ranscornea l  inser t ion of a fine steel  needle  in to  the 
anter ior  pole of the  lens. Cer ta in  lenses were incuba ted  in 
te leost  Ringer  solut ion ~5 conta in ing  aH- thymid ine  and 
p repared  for au t o r ad i o g rap h y  ~6. E x p e r i m e n t s  were con- 
duc ted  t rom J a n u a r y - A u g u s t  1971 and f rom J u n e -  
August  1972. 

l~es~dts and discussion. \Vho le -moun t  p repa ra t ions  
were essent ial ly  ami to t ic  f rom J an u a ry  to May (Figure 1). 
Occasionally 1 or 2 dividing cells were found in specimens 
examined  dur ing  the  last week of May. i n  June  the  magni -  
tude  of prol i fera t ion increased and remained  e levated  
th rough  Ju ly  and  early August.  P repara t ions  ob ta ined  
la ter  in August  showed d iminished  mi to t ic  ac t iv i ty  and 
represen t  the  la tes t  per iod for which  da ta  was ob ta ined  
(Figure 1). The t r iggering of mitosis  in the  spr ing cor- 
responded  wi th  the  a p p r o x i m a t e  t ime  t h a t  toadf i sh  move  
into shallow w a t e r  for spawning  under  na tura l  condi-  
t ions ~7; water  t e m p e r a t u r e  a t  th is  t ime rose above 15 ~ 

While  individual  var ia t ion  in the  level of mitosis  was 
marked  dur ing  the  spr ing and s u mmer  months ,  levels of 
mitosis  in cont ra la te ra l  lenses t ended  to be similar. In  
any  case, the  magn i tude  of mitosis  no ted  t h r o u g h o u t  the  
spr ing and s u mmer  was clearly e levated  above t h a t  
de tec ted  f rom J a n u a r y  to May. 

Of added  in te r s t  is t he  f inding t h a t  dur ing the  June  
Augus t  period mi to t ic  f igures were no ted  t h r o u g h o u t  the  
lens epi thel ium.  In  mos t  adul t  ve r t eb ra t e s  lent icular  
mitosis  is conf ined to a na r row pre-equator ia l  zone. No 
dis t inc t  correla t ion be tween  animal  weight  and  level of 
mitosis  was discernable.  

The pa t t e rns  of D N A  synthes is  and mitosis  in lenses 
in jured in Ju ly  was de te rmined .  During the  first  day  
following needle in jury  there  was celhflar disorganizat ion,  
bu t  the  level of mitosis  was ostensibly  similar to contro l  
prepara t ions .  By  72 96 h mi to t ic  ac t iv i ty  at  the  wound  
focus became e levated  when compared  to non- in jured  
controls  or to areas s o m e w h a t  r emoved  f rom the  per-  
[orat ing in jury  itself. At  96 h the  wound  area was popu-  
la ted by cells hav ing  nuclei of var ied size, cells e longated  
and or iented normal  to the  lesion and cells in mitosis  
(Figure 2). The prol i fera t ive  ac t iv i ty  was in tense  a t  7 
days,  wi th  areas of cell accumula t ion  su r rounded  by  
fusiform cells residing in areas of cell spa rs i ty  (Figure 3). 

Thymid ine  au to rad iog raphy  of toadf i sh  lens ep i the l ium 
(Figure 4) showed an a d m i x t u r e  of labeled and  d iv id ing  
cells s imilar  to the  p a t t e r n  no ted  in the  in jured sea bass ~8, 
frog ~, or guinea-pig lens 20, b u t  unlike the  wave-l ike 
geometr ic  p a t t e r n  descr ibed for the  r abb i t  lens 4. The 
mechanism(s)  responsible  for the  wave-l ike p a t t e r n  of 
prol i fera t ion in one species and its absence in o thers  
remains  obscure. 

The results  of the  p resen t  s t u d y  show t h a t  the  toadf i sh  
lens ep i the l ium undergoes  seasonal  var ia t ion  in mitosis.  
The onset  of prol i fera t ion de tec ted  in the  spr ing and  the  
d iminu t ion  observed  in the  fall is in b road  ag reemen t  
wi th  the f indings of ROSENBAUr~ and ROTHS'rEIN 12, 

Fig. 4. Antoradiogram obtained 4 days after injury. The isolated lens 
was exposed to tritiated thymidine (5 Ci/ml; Spec. act. 19.5 Ci/mM) 
for 1 h prior to fixation. Note the adnfixture of labeled and dividing 
cells (Hematoxylin). 
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15 R. FOSTER and J. TAGOART, J. cell. comp. Phys. ,36, 251 (1950). 
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who  de t ec t ed  c i r cannua l  p a t t e r n s  of mi tos i s  in  lens  
ep i the l i um of 2 species of frog. The  possible  fac tors  t h a t  
m a y  m o d u l a t e  t he  onse t  of mi tos is  in  t he  spr ing  are 
numerous ,  e.g., n u t r i t i o n a l  levels, day  length ,  t e m p e r a t u r e ,  
and  var ious  hormones .  P rev ious  s tudies  h a v e  shown  t h a t  
t e m p e r a t u r e  can  regu la te  t he  k ine t ics  of t he  cell cycle in  
t h e  frog l e n s ~ ,  ~2. I n  add i t ion ,  g r o w t h  h o r m o n e  can  
s t i m u l a t e  and  h y p o p h y s e c t o m y  can  cur ta i l  t h e  level  of 
mi tos is  in the  n o r m a l  frog lens 2~. Moreover,  t he  h y p o p h y -  
sec tomized  frog fai led to  show a m i t o t i c  response  w h e n  
cha l lenged  b y  e i t he r  m e c h a n i c a l  or chemica l  insu l t  ~4. 
T h y r o x i n  a n d  t r i i o d o t h y r o n i n e  a l t e r  t he  locus of prolif-  
e r a t i on  in t h e  frog lens ~5, e x t e n d i n g  i t  i n to  t h e  po la r  
ep i the l ium,  r e su l t ing  in p a t t e r n s  of D N A  syn thes i s  a n d  
mi tos i s  c o m p a r a b l e  to  those  n o t e d  here  in s p r i n g - s u m m e r  
toadf i sh .  W i t h  r e spec t  to  o t h e r  species, p e r c h  r e p o r t e d l y  

21 j .  REDDAN and H. ROTHSTEIN, Expl. Cell Res. 40, 442 (1965). 
22 j .  REDDAN and H. ROTIISTEIN, J. Cell Physiology 67, 307 (1966). 
23 R. VAN BUSKIRK, B. WORGUL, H. ROTHSTEIN and N. WAIN- 

WRIGHT, Gen. comp. Endocr., in press. 
24 R. VAN BUSKIRK, H. ROTHSTEIN and J. REDDAN, Opthahn. Res., 
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25 A. WEINSIEDER, B. WORGUL, D. ROSENBAUM and H. ROTHSTmN, 

J. Cell Biol. 55, 275a (1972). 
26 D. SWIFT and G. PICKFORD, Gem eomp. Endoer. 5, 354 (1965). 

do n o t  grow in t he  w in te r  w h e n  the  p i t u i t a r y  con t a in s  
l i t t le  g r o w t h  h o r m o n e  (GH) 26. W h e t h e r  g r o w t h  in t he  
t oad f i sh  lens is u n d e r  c o n s t r a i n t s  s imi la r  to  those  n o t e d  
in t h e  frog a n d  pe rch  r e m a i n s  to  be documen ted .  More 
i m p o r t a n t l y  however ,  t he  c u r r e n t  s t u d y  provides  a base  
of i n f o r m a t i o n  wh ich  p e r m i t s  such  ques t ions  to  be 
considered.  

Summary. The  toadf i sh  lens ep i the l i um is essen t ia l ly  
ami to t i c  f rom J a n u a r y  to May. F r o m  J u n e  to Augus t  mi t -  
ot ic  a c t i v i t y  is noted .  The  onse t  of p ro l i fe ra t ion  app rox -  
ima t e ly  cor responds  to  t he  t i m e  of yea r  when  t he  f ish 
e n t e r  t he  sha l low w a t e r  to  spawn.  The  epi the l ia l  mi to t i c  
response  to needle  i n j u r y  is n o t  p r o p a g a t e d  in a wave- l ike  
m a n n e r  f rom the  si te  of insul t .  
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Hi~h-Frequency Fusion of Fungal Protoplasts 

I n  a p rev ious  c o m m u n i c a t i o n  1, we descr ibed  a m e t h o d  
for o b t a i n i n g  a n  increased  fus ion f r equency  (2.5 • 10 -a) 
of Aspergillus nidulans pro top las t s ,  based  on s p o n t a n e o u s  
aggrega t ion  of p ro t op l a s t s  in inorganic  osmot ic  s tabi l izers .  
This  m e t h o d  was l a t e r  f u r t h e r  i m p r o v e d  b y  us ing  KC1 as 
s tabi l izer ,  Ca ions in t he  c o n c e n t r a t i o n  range  of 10 to  
100 m M  and  h igh  pH.  However ,  t he  f r equency  of p ro to-  
p l a s t  fusion, m e a s u r e d  v ia  t he  c o m p l e m e n t a t i o n  of 
n u t r i t i o n a l l y  def ic ien t  Aspergillus nidulans m u t a n t s ,  
r e m a i n e d  of the  same  order  of magn i tude .  

I n  a search  for h igh ly  eff ic ient  p rocedures  of p ro to-  
p la s t  fusion, w i t h  t he  a i m  of b r i ng ing  a b o u t  b iochemica l  
c o m p l e m e n t a t i o n  of gene t i ca l ly  d i s t a n t  fungal  species, 
we found  t h a t  h ighe r  molecu la r  we igh t  po l ye thy l ene  
glycols (PEG),  k n o w n  agen t s  for s tab i l i z ing  bac te r i a l  
p ro top l a s t s  2 and  aggrega t ing  and  fus ing h igher  p l a n t  
p ro top las t s3  s, can  sa t i s fy  t he  r equ i r emen t s .  

W e  descr ibe  here  a s imple  t e c h n i q u e  wh ich  resul ts  in  
h igh - f r equency  in t raspec i f ic  p r o t o p l a s t  fusion and  com- 
p l e m e n t a t i o n  of a u x o t r o p h i c  m u t a n t s  of Aspergillus 
(A.) /lavus, A. nidulans, A. niger, Penicillium (P.) /re- 
quentans a n d  P. ramigena. T he  m e t h o d  p resen ted  m a y  
also be  su i tab le  as a m e a n s  of in terspeci f ic  genet ic  t ransfer .  

Materials and methods. Large  n u m b e r s  of n u t r i t i o n a l l y -  
def ic ient  s t ab le  U V - m u t a n t s  of the  s t r a ins  d.  /lavus 
(SzMC 0552), A. nidulans 9,1~ (pabal,  y, ts6) A. niger 
(SzMC 0145), P, ]requentans (SzMC 0531) and  P. ramigena 
(SzMC 0519) were produced ,  a n d  t h e  m u t a n t  pa i r s  
r equ i r ing  lysine (Lys) a n d  m e t h i o n i n e  (Met) were used 
t h r o u g h o u t .  

M a i n t e n a n c e  a n d  c u l t i v a t i o n  of t h e  m u t a n t s ,  a n d  t he  
p r o t o p l a s t  f o r m a t i o n  were car r ied  ou t  as p rev ious ly  
described1,  w i t h  t h e  excep t ion  t h a t  p r o t o p l a s t  f o r m a t i o n  
was pe r fo rmed  in 0.6 M KC1 for Aspergilli and  in 0.8 M 
KC1 for Penicillia, a t  p H  6, in  b o t h  cases unbuf fe red .  
Af te r  col lect ion of p r o t op l a s t s  and  r e m o v a l  of t he  
enzymes  b y  r epea t ed  cen t r i f uga t i on  w i t h  i soosmot ic  KC1 

solut ion,  p r o t o p l a s t  suspens ions  ( abou t  1 mil l ion/ml)  of 
the  Lys  m u t a n t s  were mixed  w i t h  those  of t he  cor respond-  
ing Met  m u t a n t s .  The  mixed  suspens ions  were aga in  
cent r i fuged ,  t h e  s u p e r n a t a n t  was  r e m o v e d  b y  suct ion.  

One ml  solut ions  of P E G  (m. w. 4000) of d i f fe ren t  
concen t r a t i ons ,  c o n t a i n i n g  10 m M  CaCI~, were added  to  
the  p r o t o p l a s t s  to  f ind  t he  o p t i m u m  c o n c e n t r a t i o n  of t he  
fus ion agent .  The  suspens ions  were s t i r red  v igorous ly  for  
a few sec. No add i t i ona l  osmot ic  s tab i l izer  was used in t he  
e x p e r i m e n t s  r epo r t ed  in t h i s  paper .  Samples  were t a k e n  
a t  15 min  in te rva ls ,  mixed  w i t h  osmot ica l ly -s tab i l i zed  
m i n i m a l  med ium,  p l a t ed  for r egenera t ion ,  a n d  t h e n  check-  
ed for segreget ion  as desc r ibed  ear l ier  1. Osmot ica l ly-  
s tabi l ized  y e a s t - e x t r a c t  m e d i u m  served  as cont ro l  to  
d e t e r m i n e  b o t h  t he  s tab i l i z ing  effect  of P E G  a t  va r ious  
c o n c e n t r a t i o n s  a n d  t he  r a t io  of c o m p l e m e n t e d  p ro to -  
plasts .  I n  t he  s tabi l ized  y e a s t - e x t r a c t  med ium,  p rac t i ca l ly  
100% p r o t o p l a s t  r egene ra t ion  could be a t t a ined .  

I n  o t h e r  expe r imen t s ,  t h e  P E G  c o n c e n t r a t i o n  was  
k e p t  on  the  level  found  to be  o p t i m u m  and  the  Ca con-  
c e n t r a t i o n  was var ied.  
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