
1316 Specialia EXP:ERIENTIA 33/10 

Results and discussion. During the early and middle 
�9 pachytene of our amphibian, the bivalents exhibit distinct 

chromomeres with protruding loops. These loops are 
attached to axial fibres which run along the chromosome 
length (figure 1). The axial fibres presented globules 
about 80 ~ in diameter. The globules' diameter in the 
fibres of the loops was greater, about 160 ~. Sometimes, 
these loop fibrils showed a double structure (figure 2). 
From the point of view of chromosome ultrastructure, 
snakes provide an important  advantage:  the small size 
of the microchromosomes, with few chromomeres, 
facilitates the morphological analysis (figure 3). In the 
snake bivalents, the globules also measured 80 /~ and 
160/~, in the axial and loop fibres, respectively. 
Metaphase chromosomes, somatic as well as of first 
meiotic division, also show loops with 170 ik globules 
(figure 4). The enzymatic treatments showed that  the 
globules of the chromatin fibre were resistant to trypsin 
and DNase I, but  the interglobule fibres were removed 
by DNase I. Some pachytene peripheral loops showed 
unfolded segments. These segments were thinner, tortuous 
and unstained, except for discrete globules about 80 /~, 
widely spaced (figure 5). During the middle pachytene, 
bushes of lateral fibrils attached to the loops were 
observed. These fibrils were sensitive to trypsin and 
RNase treatments  (figure 6). 
Our assumption tha t  the PTA stained globules (80 A) 
connected by thin fibres are similar to the 'nucleosomes' 

arrangement is supported by the morphology and the 
enzymatic reSUlts. The bigger diameter (160 A) found in 
pachytene loops, as well as the double segments seen in 
some loops, may be explaine, d by Henderson's model 1~. 
According to this investigator, during pachytene the 
arrangement of the double loops of each replicated 
homologue is oneTsided. Later in diplotene, rotation 
occurs, displaying the single loops symmetrically at both 
sides. Therefore, replication during interphase would 
explain the double loops of pachytene. One question 
remains about the increased diameter (170 /~) found for 
single loops of mitotic and first meiotic metaphase. In  
these perhaps condensation by assembly of globules 
could play a role. 
Regarding chromosome structure, the chromomeric loops 
we found in amphibian and snake spermatocytes are 
similar to the ones described for mammalian spermato- 
cytesl~�9 We could not elucidate how the loops protrude 
from the insertion point of the longitudinal fibril. The 
lateral fibrils attached to pachytene loops were presumed 
to be precursors of non-ribosomal RNA, as already 
known in other systems ~0,12. However, this eventual 
transcriptional act ivi ty of the loops needs further in- 
vestigation. Concerning the degree of chromatin dispersion 
obtained by longer mild NaCI treatment,  we believe it 
may be due to histone H 1 extraction 3. Perhaps this could  
explain the 15 A of the connecting filaments in our 
preparations, 
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Summary. Bean seeds, during their initial 4 h of absorption of water while in a Faraday cage, are able to interact 
mutually with similar absorbing beans in nearby Faraday cages. The interaction effects complementari ty of response 
between adjacent cages to a common, fluctuating environmental factor affecting water uptake. 

Day to day termite food intake ~, z and bean-seed water 
uptake 4,5 reflect variation in unknown subtle atmo- 
spheric factors. The bean-seeds can adopt either of 2 com- 
plementary states, displaying either + -  or ---correla- 
tions with it. Placed in water in separate vessels in close 
proximity 2 groups of seeds can mutually induce the 2 
complementary states, their concurrent rates of water 
uptake correlating negatively with one another. Such 
interaction can have great potential significance for many 
facets of biology. The present experiment was designed 
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Fig. 1. The arrangement of 4 Faraday cages (A-D), and contained 
vessels (1-4) each with 20 bean-seeds in water. 

to determine whether the fields involved in these actions 
can pervade 0.41 mm copper Faraday cages�9 
4 cylindrical Faraday cages were lined up in a row with 
35 cm between centers (figure 1). 16 20-bean (Phaseolus 
vulgaris) samples were weighed to the nearest centigram 
in flat (6 X 6 cm) aluminium-screen baskets 4. 4 were sub- 
merged in vessels and placed in each of the successive 
cages at  4-min-intervals. Aluminium covers were clamped 
to the openings. After exactly 4 h the beans were rapidly 
blotted and wet-weighed, similarly at 4-rain-intervals, 
and discarded. Water  uptake, the weight difference be- 
tween final wet weight and dry weight + 15 cg ( =  wett-  
ing) was expressed as percent weight increase of the 
original dry beans. Although cages A and B were grounded 
and C and D were not, no difference between them was 
noted. This experiment was performed on 73 days be- 
tween 25 February and 7 June 1974 repeated using a new 
stock supply of beans on 49 days during 10 June through 
16 August and repeated again on 42 days during 
29 August through 28 October 1974. 
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To e l iminate  day  to  day  differences a m o n g  the  means  in 
all 4 cages, the  m e a n  pe rcen tage  wa te r  up take  in each 
group  of 4 vessels was  expressed  as t he  difference f rom 
t h e  m e a n  in all vessels on t h a t  day.  This  resul ted  dai ly in 
4 ser ial ly corre la ted  values. Corre la t ing any  2 values 
would  be expec ted  to  yield, r andomly ,  r = -- 1/(N -- 1) = 
--0.333.  The coeff icient  of correlat ion,  r, of beans  in 
ad j acen t  (A •  B xC ,  C x D )  cages was compared  w i t h  
t h a t  in a l t e rna te  ones (A • C and  B • I)). 
A d j a c e n t  cages cor re la ted  more  nega t ive ly  t h a n  r a n d o m  
expec ta t ion ,  r = --0.4086, N = 492 (figure 2, on left). 
A l t e rna te  cages corre la ted  less negat ive ly ,  r = --0.1379, 
N ~ 328 (figure 2, on right) .  These exper imen ta l ly  ob- 
t a ined  values  were examined  to  learn whe the r  t h e y  
dev ia t ed  s igni f icant ly  f rom r a n d o m  expec ta t ion .  Con- 
ve r t ing  the  foregoing 3 r ' s  to  z 's  gave -- 0.3465 ( random- 
ness), - -0.4246 4- 0.0452 (adjacents) ,  and  --0.1388 4- 
0.0554 (al ternates) .  The  value of z for t he  a l te rna te-cage  
corre la t ion  was h igh ly  s ignif icant ly  d i f fe rent  f rom ran-  
domness ,  p < 0.001. 
These  f indings  indica te  t h a t  beans  in ad j acen t  cages are 
m u t u a l l y  inducing opposi te  signs of response  to  a c o m m o n  
a tmosphe r i c  fac tor  t h a t  inf luences the  ra te  of wa te r  
up take .  The consecut ive  order  of signs wi th in  t he  4 cages 
is + -- + --,  or, -- + -- + .  While these  orders  accoun t  
for all the  foregoing results ,  t h e y  also p red ic t  t h a t  cor- 

re la t ing A x D would yield a value more  nega t ive  t h a n  
chance.  Calculat ing r for A X D  gave --0.4314, N = 164. 
Combining the  3 ad jacen t -cage  values  w i th  the  A x D ones 
gave r = --0.4148, N = 656; z = - -0 .4414 4- 0.0391, a 
Significant dev ia t ion  f rom randomness ,  p < 0.02. 
The same e x p e r i m e n t  was also conduc ted  a t  Woods  Hole, 
Massachuse t t s ,  USA,  on 50 days  dur ing  17 June  t h ro ugh  
23 Augus t  1974. This  gave for ad jacen t s  and  A •  
r = --0.3929, N = 200; z = --0.4152 4- 0.0707, and for 
a l te rna tes ,  r == - -  0.2460, N = 100; z = --0.2511 4- 0.1013. 
The  pooled resul ts  for t he  E v a n s t o n  a n d  Woods  Hole 
expe r imen t s  gave for the  3 ad jacen t s  and  A •  
z = --0.4353 4- 0.0342, N = 856 and  for the  a l ternates ,  

. z = --0.1635 4- 0.0485, N = 428. These devia te  signifi- 
c an t l y  f rom r andomness ;  p < 0.003 and  p < 0.001, re- 
spect ively.  Correlat ing all combina t ions  in t he  da ta ,  
r = -- 0.3318, conf i rmed closely t he  theore t ica l  expec ta -  
t ion.  
The resul ts  indicate  t h a t  the  beans  in each  cage are being 
inf luenced by  fields genera ted  b y  beans  in ne ighbor ing  
cages. Such in te rac t ions  among  the  seeds effect  a p a t t e r n  
of a l t e rna t ing  signs of response  to a nonbiological  field 
factor  which,  in turn ,  inf luences the  ra te  of bean  wa te r  
up take .  The la t t e r  field also pene t r a t e s  t he  cages. Through  
in te rac t ions  the  4 bean  groups  have  m u t u a l l y  organized 
a p a t t e r n  in the i r  w a t e r - u p t a k e  behavior .  

Fig. 2. Scatter-plots of the rela- 
tionship in Evanston, Illinois, 
between daily water uptake in one 
cage and the concurrent rate in the 
next adjacent cage (on left), and 
the alternate cages (on right). 
A For 73 days from 25 February 
through 7 June 1974. /9 For 49 
days from 10 June through 16 
August 1974. C For 42 days from 
29 August through 28 October 
1974. 
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Since the  cages exclude the  passage of electr ic  fields 
below the  f r equency  of X-rays ,  the  effect ive fields c an n o t  
be like those  b y  which  sharks  locate p rey"  and  fish com- 
mun ica t e  v. The  cages are freely permeable  to h igh-energy  
rad ia t ion  and  to  magne t i sm,  factors  to  which  an  organism 
has  been  s h o w n  to  r e spond  w i t h  grea t  sens i t iv i ty  s-l~, and  
to  g rav i ty  to  which  organisms m a y  poss ib ly  r e spond  1,. 
The weak  field involved in the  mu tua l  bean  in te rac t ions  
is pos tu la t ed  to  be magne t i c  14. This  hypo thes i s  is being 
inves t iga ted  fur ther .  

6 A.J .  Kahnijn, J. exp. Biol. 55, 371 (1971). 
7 P. Black-Cleworth, Anim. Behav. Monogr. 31, 1 (1970). 
8 F.A. Brown, Jr, Biol. Bull. 123, 264 (1962). 
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Summary. The eff iciency of caffeine a t  d i f fe rent  concen t ra t ion  on the  induct ion  of b inuclea te  cells in onion root - t ip  
was s tudied.  The drug effect  is s t rongly  depressed  in the  Ca++ and /o r  Mg ++ presence  a t  ha l f - ra te  of m a x i m u m  efficiency 
(0.04%), a b o u t  2 mM). We  therefore  conclude t h a t  b o t h  ca t ions  m u s t  p lay  a role in p l a n t  cytokinesis .  

X a n t h i c  bases,  and  especial ly the i r  m e t h y l  der ivat ives ,  
such as caffeine, theophy l l ine  and  theobromine ,  are well- 
k n o w n  as inh ib i tors  of cytokinesis ,  and  the i r  cytological  
effects  on p l a n t  cells have  been  s tud ied  b y  several  
au thors  1-3. Moreover,  the  blockage of cytokines is  b y  
8-e thoxycaffe ine  and  caffeine has been  employed  to 
induce  a b inuc lea te  cell popu la t ion  charac te r ized  b y  a 
synchronous  d e v e l o p m e n t  of t he  cell cycle 4-e and  these  
synchronous  cells have  p roved  a ve ry  successful  tool  for 
cell cycle dissect ioning 7-~ 
The  expe r imen ta l  analys is  of cytokines is  10,11 showed  tha t ,  
in t he  presence  of these  inhibi tors ,  t he  Golgi vesicles, 
a p p a r e n t l y  p r e sen t  in similar  n u m b e r  to  those  found  in 
controls ,  do no t  form the  cell plate,  b u t  disperse  all over  
t he  cy top lasm.  T h a t  is to  say,  t h e  a r r a n g e m e n t  and  fusion 
of Golgi vesicles does no t  t ake  place. However ,  t he  f i rs t  
app roach  to  the  molecular  mechan i sm of such an inhibi~ 
t ion  was  m a d e  by  Paul  and  Golf 12 when  t h e y  s tud ied  the  
c o m p a r a t i v e  effects  of caffeine and  calc ium def ic iency on 
cytokinesis .  As a consequence,  t h e y  p roposed  calcium 
r e q u i r e m e n t  as a fea tu re  of p l a n t  cytokines is  and  the  
calcium-caffeine an t agon i sm as a molecular  basis  of t he  
caffeine effect.  

In  order  to t e s t  th is  hypothes is ,  and  also to  s t u d y  the  
possible role p layed  by  magnes ium,  we decided to  develop 
and  use the  50% inhib i ted-cy tokines i s  as a t e s t  sys tem:  
the  f i rs t  resul ts  are p resen ted  here.  
Material and methods. T h e  mate r ia l  used was the  root  
mer i s t em of Al l ium cepa L. bulbs.  The onion bulbs  
(15-30 g) were grown in the  da rk  a t  a co n s t an t  t empera -  
ture  (15 ~ • 0.5) in cyl indr ical  glass receptacles  of abou t  
80 ml  capac i ty  in t a p  wa te r  renewed  every  24 h and 
aera ted  by  cont inuous  bubb l ing  a t  the  ra te  of 10-20 ml 
a i r /min.  The bulbs  were  so placed t h a t  only  the i r  bases 
remained  submerged  in the  water .  
The t r e a t m e n t  solut ions were p repa red  wi th  dist i l led 
wa te r  and  Merck reagents .  All t he  roots  were submerged  
in t he  t r e a t m e n t  solut ion w i t h o u t  separa t ing  t h e m  f rom 
bulbs,  and  the  en v i ro n men t a l  condi t ions  a l ready  de- 
scr ibed were careful ly ma in t a ined  t h r o u g h o u t  the  t r ea t -  
m e n t  period.  
In  every  case, the  roo ts  were incuba ted  for 4 h in the  
t r e a t m e n t  solut ions and  r e tu rned  for 1 h to wa te r  before 
harves t .  This  shor t  r ecovery  m u s t  pe rmi t  all mi toses  
af fec ted  b y  caffeine to  reach  in t e rphase  in order  to  appear  
e i ther  as mononuc lea te  cells, if n o t  inhibi ted ,  or binucle~te  
cells, when  cytokines is  has  been  blocked 1,. 
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Production of binucleate cells by treatments with different caffeine 
concentrations at 15 ~ for 4 h. Abscissae: Caffeine concentration. 
Ordinate: Percentage of binucleate cells within the meristem pop- 
ulatio'n: Under these conditions, the threshold concentration appears 
to be 0.02% and caffeine about 0.1% the maximum efficiency of 
the drug is achieved. 
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