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drogue de d6polym6riser  les micro tubules  cy top lasmiques  
est  une cons6quence de son affinit6 envers  les prot6ines  
microtubula i res  14,15. Nos r6sul ta ts  i nd iquen t  en outre  une 
scission des p61es du fuseau dans  des cellules ol"1 la concen-  
t r a t i on  de VLB n ' a t t e i n t  pas  le niveau n6cessaire k la 
comple te  destructioi l  de l ' appare i l  m i to t ique  (blocage en 
m6taphase) .  

La  p roduc t ion  d ' anaphases  mul t ipola i res  p e n d a n t  le 
t e m p s  qui suit  la cessat ion du t r a i t eme l l t  m o n t r e  le 
progr~s des cellules mul t ipola i res  au t ravers  de la mi tose ;  

14 S. E. MALAWISTA, H. SATO and K. G. BENSCH, Science 160, 770 , 
(1968). 

15 R. MARANTZ, IVY. VENTILLA and M. SItELANSKI, Science 165, 498 
(1969). 

Ie re t ra i t  de la drogue p e r m e t  5, ces cellules d '4chapper  k Ia 
to ta le  d6sorganisat ion de Ieur fuseau mi to t i que  (c-m6ta- 
phase).  

Nous pensons  que l '6 tude de la capaci t6 mul t ipolar i -  
sante  de la VLB,  apr~s des t r a i t e m e n t s  de cour te  dur6e, 
p e n t  avoir  de l ' int6r~t  lots des appl ica t ions  p ra t iques  de 
cet te  drogue darts la ch imio th6rap ie  ant icanc6reuse.  

Summary. The effect  of v inb las t ine  on the  cell anaphas ic  
po la r i ty  in onion root  mer i s tems  oi A llium cepa L. has 
been s tudied.  Mult ipolar  anaphases  p roduc t ion  dur ing  
recovery  in t a p  wa te r  has  been observed  and  its k inet ic  
p a t t e r n  es tabl ished.  
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Structure and Permeability of Junctions in Phytohemagglutinin Stimulated Human Lymphocytes 

Specialized m e m b r a n e  junct ions  provide  a d i rect  
p a t h w a y  for intercel lular  communica t ion  in several  
tissues1, 2. Gap- junc t ions  have  been  found in several  
ins tances  where electrotonic  coupling was detec ted ,  bu t  
evidence indica t ing  th is  s t ruc ture  as the  si te of low 
intercel lular  res is tance  is no t  conclusive 2. An i m p o r t a n t  
correla t ion be tween  ionic pe rmeab i l i ty  and junc t iona l  
s t ruc tu re  has been descr ibed by  GILULA et al. 3 in cul tured 
Chinese hams t e r  ceils where  gap junc t ions  occurred only 
when  high t ransj  unct ionaI  permeabi l i ty  was also observed.  
More di rect  evidence has jus t  been  found by  AZARNIA 
et  al. 4 in a line of h u m a n  cells where  b o t h  intercel lular  
communica t ion  and  gap junct ions  were detected.  W h e n  
these  ceils were fused wi th  a mouse  ceil line t h a t  has  no 
e lec t ro ton ic  coupling and no gap junct ions ,  a segregant  
non-coupl ing  cell l ine was obta ined,  in which no gap- 
junc t ions  were detected.  

H u m a n  l y m p h o c y t e s  s t imula ted  by  the  p lan tde r ived  
mi togen  p h y t o h e m a g g l u t i n i n  (PHA) form junc t ions  of 
h igh pe rmeab i l i ty  5. Increase  of cell dens i ty  enhances  
the  mi to t ic  ac t iv i ty  induced  by  P H A - s t i m u l a t i o n  6, a 

1 W. R. LOEWENSTEIN, Ann. N.Y. Aead. Sci. 737, 441 (1966). 
,2 M. V. L. BENNETT, Fedn. Proe. 32, 65 (1973). 
5 N. GILULA, R. REEVES and A. STEINBACH, Nature, Lond. 235, 262 

(1972). 
4 R. AZARNIA, W. J. LARSEN and W. R. LOEWENSTEIN, Proc. natn. 

Acad. Sci., USA 71,880 (1974). 
5 G. M. 0LIVEIRA-CASTRO 1 ~. A. ]~ARCINSKI and S. CUKIERNIAbr~ 

J. Immun. 717, 1616 (1973). 
6 j .  H. PETERS, in Lymphocyte Recognition and E[]ector Mechanisms 

(Eds. K. LINDAHL-KIESSLING and D, OSOBA; Academic Press, 
New York 1974), p. 13. 

Fig. 1. Lymphocyte cultures after different periods of stimulation by PHA. • 3,200. A) Control culture after 24 h of incubation without 
PHA. Note that no cell contacts are seen. B) Culture after 24 h of incubation with PHA. Several contacts between the stimulated cells 
are present. C) Culture after 65 h of incubation, with PHA. All the ceils are in contact and the culture has a tissue-like appearance. 
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Time in culture 
(h) 

Coupled cell pairs 
(%) 

V2/V~ ~ 

X ~- S.D. Range 

No. of pairs tested 

1 14,3 
24 45,5 
48 75 
65 80 

0.18 • 0.08 0.09-0.30 14 
0.38 ~ 0.06 0.17-0.45 11 
0.42 ~ 0.05 0.29 0.51 16 
0.41 ~ 0.07 0.30-0.56 10 

Coupling coefficient. 

m e m b r a n e  m e d i a t e d  func t i on  of t he  mi togen .  I n  the  
p r e sen t  i n v e s t i g a t i o n  we h a v e  s tud ied  the  d e v e l o p m e n t  
of in te rce l lu la r  c o m m u n i c a t i o n  in P H A - t r e a t e d  h u m a n  
l y m p h o c y t e s  b y  e lec t rophys io logica l  m e a s u r e m e n t s  of 
p e r m e a b i l i t y  and  c o n c o m i t a n t  u l t r a s t r u c t u r a t  analysis .  

Mater ia l  and methods. P e r i p h e r a l  b lood of h e a l t h y  
h u m a n  donors  was s e p a r a t e d  on a F i co l l -H ipaque  
g r a d i e n t  a n d  cu l tures  were p r e p a r e d  accord ing  to t h e  
t e c h n i q u e  descr ibed  prev ious lyK The  e lec t rophys io logica l  
m e a s u r e m e n t s  were pe r fo rmed  in Roswel l  P a r k  Memor ia l  
I n s t i t u t e  M e d i u m  as descr ibed elsewhere 5. 

Glass microe lec t rodes  fi l led w i t h  3 M KCI a n d  2 m M  
K - c i t r a t e  ( res is tances  of 35-65 megD) were m a n i p u l a t e d  
in to  2 ne ighbo r ing  cells. E lec t rode  1 was used to  pass  
h ipe rpo la r i z ing  c u r r e n t  pulses  be tween  t he  c y t o p l a s m  of 
one cell a n d  the  ex t race l lu la r  fluid. I t  was connec ted  to a 
br idge- l ike  p reampl i f i e r  a l lowing s i m u l t a n e o u s  m o n i t o r i n g  
of t he  vo l t age  d rop  (V1) caused  b y  t he  in jec ted  c u r r e n t  as 

Fig. 2. Junctions between stimulated lymphocytes after 65 h of 
incubation with PHA. A) Portion of the cell junction. • 
13) Higher magnification of Figure A (arrow). Note the appearance 
of the junctional complex. • 200~000. 

i t  crossed t h e  cell m e m b r a n e .  E lec t rode  2 was used to  
m o n i t o r  t h e  vo l tage  drop  (V~) caused  b y  t h e  c u r r e n t  pulse 
in  a n  a d j a c e n t  cell. The  ra t io  of V~/V 1 is an  ind ica t ion  of 
t h e  t r a n s j u n c t i o n a l  conduc tance .  R e c t a n g u l a r  c u r r e n t  
pulses of 10 -s to  10 .9 A an d  50 msec d u r a t i o n  were used. 
Cur ren t  in j ec t ion  an d  record ing  was m o n i t o r e d  w i t h  a 
s t a n d a r d  e lec t rophys io logica l  se t -up  (see 5 for details) .  

Cells cu l tu red  for 1, 24 or 65 h w i t h  an d  w i t h o u t  P H A  
were f ixed a n d  the  u l t r a s t r u c t u r e  of t h e i r  j u n c t i o n s  
analyzed.  The  bes t  f ixa t ion  was o b t a i n e d  b y  s l ight  
modi f i ca t ion  of t h e  m e t h o d  of HIRSCH an d  FZDORKOL 
I m m e d i a t e l y  before  use, 2 vo lumes  of 2.5 % g l u t a r a l d ehyde  
in 0.1 M cacody la te  buffer  (pH 7.4) were added  to  one 
vo lume  of 1% o s m i u m  te t rox ide ,  a t  0 ~ The  f ixa t ive  was 
gen t ly  added  to t h e  l y m p h o c y t e s  a f te r  r e m o v a l  of t he  
cu l ture  m e d i u m  an d  replaced  a f te r  one h o u r  w i th  Ea r l e ' s  
sa l t  solut ion.  The  cell suspens ion  was t h e n  s t a ined  w i t h  
0.25% u r a n y l  ace t a t e  in  0.1 M ace t a t e  buffer  (pH 6.3). 
C o n s t a n t  t e m p e r a t u r e  (0 ~ was m a i n t a i n e d  t h r o u g h o u t  
t h e  f ixa t ion  a n d  s t a in ing  procedure .  To preserve  t h e  
or ig inal  cell dens i ty  an d  avo id  d i s to r t ions  of the  c lumps,  
c en t r i f uga t i on  was neve r  used. Af te r  e m b e d d i n g  in E P O N  
m i x t u r e  t h e  cells were sec t ioned  w i t h  a n  U l t r a t o m  I I I  
( L K B  Produc ts ) .  T h i n  sect ions  showing  si lver  in te r fe rence  
colours were s t a ined  w i t h  0.4% lead c i t r a t e  an d  e x a m i n e d  
w i t h  an  E M 6 - B  e lec t ron  microscope (A.E.I.) .  

Results  and discussion. T r a n s j u n c t i o n a l  c o n d u c t a n c e  
was de tec ted  a f te r  1 h of P H A  t r e a t m e n t .  Ear l i e r  measure -  
m e n t s  d id  n o t  yield rel iabte  resul t s  due  m a i n l y  to  f r equen t  
cell d i saggrega t ion  consequen t  to  i m p a l e m e n t .  An  increase  
in coupl ing  coefficient  was obse rved  s i m u l t a n e o u s l y  w i t h  
t h e  increase  in in te rce l lu la r  contac t s .  The  m e a n  va lue  of 
the  coupl ing  coefficient  reaches  a m a x i m u m  a t  48 h, as 
can  be  seen in the  Table .  

The  n u m b e r  of cells e s tab l i sh ing  c o n t a c t  increased  w i t h  
t h e  i n c u b a t i o n  per iod  as shown  if F igure  1. I n  con t ro l  
cul tures ,  cu l t ived  in t h e  absence  of P H A ,  no  cell con t ac t s  
could be  obse rved  (Figure 1A). Cul tures  s u b m i t t e d  to  t he  
same  i n c u b a t i o n  per iod  (24 h) w i t h  P H A  show severa l  
areas  of c o n t a c t  b e t w een  t h e  s t i m u l a t e d  cells (Figure 1B). 
Af te r  48 to 65 h, t h e  cells are dens i ly  packed  an d  fo rm a 
t issue- l ike s t r u c t u r e  (Figure 1C). 

T h i n  sect ions  of s t i m u l a t e d  l y m p h o c y t e s  show local 
d i f f e ren t i a t ions  of t h e  p l a s m a  m e m b r a n e  in the  zones of 
in te rce l lu la r  contac t .  These  con tac t s  were seen a f t e r  1 h of 
P H A - s t i m u l a t i o n  m o s t l y  in  pseudopod l ike  processes.  

I n  t h e  areas  of close c o n t a c t  t h e  p l a s m a  m e m b r a n e s  
r u n  s t r i c t ly  paralel .  T h e  m e m b r a n e  ou t e r  leaf lets  w h i c h  
are s e p a r a t e d  b y  a gap  of a p p r o x i m a t e l y  30 _~ are less 
i n t en s i v e l y  s t a i n ed  t h a n  t h e  cy t o p l a s mi c  leaf lets  a n d  can  
some t imes  be v i sua l ized  as a d o t t e d  l ine (Figure  2). The  
ave rage  t h i cknes s  of t h e  j u n c t i o n a l  co mp l ex  is approx i -  
m a t e l y  200 ~_. 

7 j .  G. HIRSCH and M, ]3. FEDORKO~ J. Cell 13iol, 38. 615 (1968}. 
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The  2 ou te r  e lec t ron-dense  l ines h a v e  an  ave rage  th ick -  
ness of 60-70 ~_. T he  t o t a l  l e n g t h  of the  in te rce l lu la r  
c o n t a c t  increased w i t h  the  i n c u b a t i o n  per iod  and  a f te r  
48 h t he  cell con tac t s  covered  a lmos t  the  en t i re  m e m b r a n e  
area.  

I f  we cons ider  t he  coupl ing  ra t io  (V=/V,) as a c o n v e n i e n t  
i ndex  of the  j u n c t i o n a l  m e m b r a n e  pe rmeab i l i t y ,  i t s  
increase  as a f unc t i on  of t h e  P H A  i n c u b a t i o n  per iod  
suggests  a c o n c o m i t a n t  increase  in t he  low-res is tance  
s t ruc tu re s  responsab le  for t h e  in te rce l lu la r  pe rmeab i l i t y .  
Since in our  p r e p a r a t i o n s  t he  areas  of close cel lular  
c o n t a c t  b r o a d e n e d  w i t h  t h e  i n c u b a t i o n  t ime,  a n d  t he  
on ly  special ized j u n c t i o n a l  s t ruc tu re s  which  appea red  
were iden t i f i ed  as gap  junc t ions ,  we h a v e  infer red  t h a t  
these  s t ruc tu re s  are iden t ica l  w i t h  t he  low-res is tance  
p a t h w a y s  ill s t i m u l a t e d  lymphocy tes .  Our  iden t i f i ca t ion  
of t he  con t ac t s  as gap  j unc t i ons  is based  on:  a) t he  th ick-  
ness of t he  j u n c t i o n a l  complex  (200 A), wh ich  is g rea te r  
t h a n  t h a t  of t h e  zonula  occludens  ( abou t  140-150 A);  
b) t h e  pe r iod ic i ty  of t h e  e lec t ron-dense  par t ic les  of t h e  
m e d i a n  l ine of t he  j u n c t i o n a l  profile,  wh ich  cor responds  
to t he  cen t re - to -cen t re  spac ing  of t he  f reeze-e tch  par t ic les  
p rev ious ly  ~ in gap  junct ionsS-~~ c) gaps  of 
a b o u t  30 A be tw een  t he  two  a d j a c e n t  cell m e m b r a n e s .  

The  exac t  m e c h a n i s m  invo lved  in l y m p h o c y t e  cell 
s t i m u l a t i o n  is no t  known,  b u t  i t  is wide ly  accep ted  t h a t  
t he  m e m b r a n e  is t he  si te  where  t he  m i t o g e n  acts .  The  

s p. PINTO DA SILVA and N. B. GILULA, Expl. Cell Res. 71, 393 
(1972). 

9 D. A. GOODENOUGH and J. P. REVEL, J. Ceil Biol. d5, 272 (1970). 
I0 D. F. HOLSER and A. DEMPSEY, Z. Naturforsch. 28, 603 (1973). 
it D. F. HOLSER and J. H. PETERS, Expl Cell Res. 74, 319 (1972). 
Ie G. M. OLIVEIRA-CASTRO and M. A. BARCINSKI, Biochim. biophys. 

Aeta 352, 338 (1974). 
1S G. M. OLIVEIRA-CASTRO and W. R. LOEWENSTEIN, J. Membrane 

Biol. 5, 51 (1971). 
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dependence  of l y m p h o c y t e  s t i m u l a t i o n  b y  P H A  on cell 
dens i t y  and  on  cell- to-cell  c o n t a c t  , a n d  t he  a p p e a r a n c e  
of in te rce l lu la r  c o m m u n i c a t i o n  in h u m a n  and  b o v i n e  
l y m p h o c y t e s  a f t e r  12 m i n  of P H A  t r e a t m e n t  tl, sugges t  a 
func t iona l  role for t h e  low-res is tance  p a t h w a y s .  Since 
cel lular  a s soc i a t i ons  h a v e  been  observed  to  occur  b o t h  
in v ivo  and  in v i t ro  in  c o n j u n c t i o n  w i t h  t he  express ion  of 
severa l  i m m u n e  responses,  we sugges t  t h a t  l y m p h o c y t e -  
l y m p h o c y t e  coope ra t ion  t h r o u g h  gap j u n c t i o n s  p rov ide  a 
model  s y s t e m  for t he  s t u d y  of sucll  cel lular  in te rac t ions .  
L y m p h o c y t e  j u n c t i o n s  h a v e  some cha rac te r i s t i c s  in  
c o m m o n  w i t h  those  descr ibed  for ep i the l ia l  cells. An  
increase  in cy top l a smic  Ca+ + c o n c e n t r a t i o n  causes  a 
m a r k e d  r e d u c t i o n  of t he  j u n c t i o n a l  c o n d u c t a n c e  ~2 in a 
way  s imi lar  to  t h a t  p rev ious ly  descr ibed for sa l iva ry  
g land  cell j u n c t i o n s  13. 

I n  a n u m b e r  of d i f fe ren t  cell sys tems  where  in ter -  
cel lular  c o m m u n i c a t i o n  has  been  de tec ted ,  i t  h a s  no t  
been  possible  to  e s t ab l i sh  a cor re la t ion  be tween  specific 
morpholog ica l  s t ruc tu re s  a n d  the  physio logica l  ev idence  
of cel lular  c o m m u n i c a t i o n ,  because  of t he  coexis tence  of 
severa l  d i f fe rent  types  of special ized j unc t i ona l  complexes.  
As in severa l  o the r  p r e p a r a t i o n s  4, s, ~0 in h u m a n  l ympho-  
cytes  s t i m u l a t e d  b y  P H A  only  gap j unc t i ons  h a v e  been  
found.  W e  suggest  t h a t  these  s t r u c t u r e s  are t h e  low 
res i s tance  channe l s  r e sponsab le  for in te rce l lu la r  c o m m u -  
n i ca t i on  in t h e  p r e sen t  cell sys tem.  S tudies  w i t h  ex t ra -  
cel lular  space marke r s  are r equ i red  for a more  def in i t ive  
iden t i f i ca t ion  of these  j u n c t i o n a l  complexes  and  we are  a t  
p r e sen t  work ing  on t h a t  ~4, ~ 

Rdsumd. La microscopic  61ectronique e t  une  m 6 t h o d e  
Cec t rophys io log ique  on t  4t6 utilis6es pou r  6 tudier  les 
jonc t ions  en t re  les l y m p h o c y t e s  h u m a i n s  s t imul6s  p a r  la 
p h y t o h 4 m a g l u t i n i n e .  Le coeff icient  de couplage 61ectro- 
t on ique  a u g m e n t e  avec  le t e m p s  d ' i n c u b a t i o n .  Les seules 
in t6 rac t ions  cellulaires t y p i q u e s  raises ell 6vidence p a r  la 
microscopic  41ectronique sont  les <~gap jonct ions~.  
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Seasonal Variations in the Fertilizing Capacity of Bu]o arenarum (Amphibia Anura) Spermatozoa 1 

Art i f ic ia l  fe r t i l i za t ion  of Bu/o arenarum oocytes  can  be 
r o u t i n e l y  o b t a i n e d  t h r o u g h o u t  t h e  year .  This  species has  a 
c o n t i n u o u s  spe rma togen ic  cycle w i t h  seasonal  f luc tua-  
t ions  2. Tes tes  size changes  cons iderab ly  du r ing  t he  year,  
m a x i m a l  size be ing  obse rved  a t  t h e  beg inn ing  of t he  
b r eed ing  season, in t he  spring.  D u r i n g  t h e  w in te r  season, 
w h e n  tes tes  are increas ing  t h e i r  size, spe rm clusters  are 
obse rved  a d h e r e d  to Ser tol i ' s  cells in  t h e  semini fe rous  
ampu l l ae  3. I t  is l ike ly  t h a t  s pe r m a t ozoa  r e m a i n  in t i le 
tes tes  un t i l  spr ing,  since t h e y  h a v e  no t  been  obse rved  in 
u r ine  samples  o b t a i n e d  in winter*.  

The  fertiIiziwg ab i l i ty  of a m p h i b i a n  spe rmatozoa ,  as far  
as we know, ha s  no t  been  explored  and  is t he  sub jec t  of 
th i s  paper .  W e  also s tud ied  t he  decl ine of t he  fert i le  life of 
s p e r m a t o z o a  i n c u b a t e d  in sa l t  so lu t ion  b o t h  in s u m m e r  
~nd win te r  season, A f u r t h e r  ob jec t ive  was tO es t ab l i sh  

w h e t h e r  soluble p r o d u c t s  r e m o v e d  f rom the  tes tes  h a d  
a n y  inf luence  on t he  fer t i l iz ing capac i t y  of spe rma tozoa  
i n c u b a t e d  in it. 
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