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nucleate  microspores  elongate,  and  a large p ropor t ion  of 
t h e m  s t a r t  furrowing of the i r  wall across the  middle  
region, which grows progress ively  deeper  t h e r eb y  se- 
pa ra t ing  t h e  2 nuclei  to t he  2 halves  of t he  cons t r ic ted  
microspore  (Figure 2). The furrowing becomes  comple te  
in abou t  48 h af ter  its ini t iat ion,  f inally dividing the  de- 
veloping microspore  into 2 more  or less equal ly  sized 
' daugh te r  pollen' .  In  a small  p ropor t ion  of such micro- 
spores, furrowing of the  wall is found  to be a symmet r i ca l  
resul t ing in the  fo rmat ion  of var iously  sized buds  (Figure 
3). F r e q u e n c y  of the  diads as well as incidence of the  ab- 
normal  p h e n o m e n o n  showed considerable  increase (25 to  
300/0) in mater ia ls  sub jec ted  to  cold t r e a t m e n t .  

The abno rma l i t y  observed in the  p re sen t  species is 
clearly a depa r tu re  f rom the  normal  course of develop-  
m e n t  of the  microspore.  A p h e n o m e n o n  comparab le  to 
this  is known  in Petunia 5, in which  a symmet r i ca l  furrow- 
ing of the  wall is r epor ted  to  occur in a small  p ropor t ion  
of the  normal  microspores,  while in the  p re sen t  species the  
furrowing is p r e d o m i n a n t l y  symmet r i ca l  resul t ing in a 
' b ina ry  fission' of the  developing microspores  t h a t  have  
developed f rom the  diads, a p h e n o m e n o n  no t  so far known  
in angiosperms.  The abno rma l i t y  descr ibed here occurs 
spon taneous ly  in p lan t s  growing in normal  field condit ions,  
and it is cons i s ten t ly  not iced  in mater ia ls  collected f rom 
di f ferent  localities in th is  region, and  hence  this  m a y  be 
under  genet ic  control .  However ,  i t  is in te res t ing  t h a t  t he  
f requency  of its incidence increases cons iderably  in cold- 
t r ea ted  mater ia ls  which  indicates  t h a t  the  p h e n o m o n  is 
grea t ly  influenzed b y  the  effect  of env i ronment .  

Figs. 1-3. Developing microspores of Heliconia bihai L.• 
1. The small round mierospore is the oJ~e developed from a normal 
tetrad, with its nucleus remaining undivided. The larger elongated 
mierospore is the one developed from a diad with its nucleus divided 
into two. 2. One of the large elongated binucleate microspores under- 
going symmetrical furrowing of its wall. 3. Another large micro- 
spore undergoing asymmetrical furrowing of the wall producing a 
small bud. 
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Summary.  Normal  h u m a n  lymphocy te s  were cu l tured  for 72 h wi th  d i f fe rent  doses of B r d U .  The analysis  of me taphase s  
processed wi th  the  BrdU-Giemsa  me thod  shows t h a t  in leukocyte  cul tures  3 d i f fe rent  l y m p h o c y t e  popula t ions  coexist  
which are able to  pe r fo rm 1, 2 or 3 rounds  of repl icat ion in vitro.  Moreover,  i t  was concluded t h a t  5 btg/ml is the  mini-  
mal  dose of B r d U  inducing good d i f ferent ia t ion  in the  areas of s is ter  ch romat id  exchanges.  

I t  is well known  t h a t  l y m p h o c y t e s  cul tured  for 72 h in 
the  presence  of P H G  m a y  pe r fo rm one or more  mi to t ic  
divisions ~, 3. However ,  the  percen tage  of ceils in the  1st, 
2nd or 3rd division a t  the  m o m e n t  of ha rves t ing  the  cul- 
ture  has  no t  been  de t e rmined  ye t  wi th  accuracy.  

I t  has  been  d e m o n s t r a t e d  t h a t  ch romosomes  which  
have  incorpora ted  5-bromo-2 deoxyur id ine  (BrdU) into 
i ts  D N A  have  decreased Giemsa s ta inabi l i ty  or quenched  
fluorescence wi th  Hoechs t  33258 which are direct ly  pro-  
por t ional  to the  amounfi of B r d U  in the  D N A  molecule 4-7. 

1 This work was supported by grants from the International Atonlic 
Energy Agency, the 'Consejo Naeional de Investigaciones Cienti- 
ficas' and the 'Comisi6n de lnvestigaciones Cientifieas'. 
M. A. BFNI)ER and J. G. BREWEN, Mutation Res. 8, 383 (1969}. 

3 G. DIJDIN, B. BEEK and G. OBE, Mutation Res. 23, 279 (1974). 
H. KATO, Nature, Loud. 252, 739 (1974). 

a j.  R. KORE~IBERO and E. F. FREEDLANDER, Chromosoma `18, 355 
(1974). 

6 S. A. LATT, Proc. hath. Acad. Sci. 70, 3395 (1973). 
7 S. WOLFF and P. PERRY, Chromosoma 48, 341 (1974). 



1258 Specialia 

Percentage of cells in 1st, 2nd or 3rd mitosis in blood cultures 

EXPEmt~NTIA 32/10 

BrdU (10 ~g/ml) 

Donor No. of mitosis Percent of cells 

BrdU (5 ~tg/ml) BrdU (3 b~g/ml) 

Percent of cells 
1st series 2nd series 

Percent of cells 

A 1st mitosis 46.5 45 42 63 
2nd mitosis 46.5 47.5 50 35 
3rd mitosis 7 7.5 8 2 

B 1st mitosis 63 50 67 75 
2nd mitosis 30 46 33 23 
3rd mitosis 7 4 0 2 

C 1st mitosis 68 46 78 73 
2nd mitosis 30 47.5 21 25 
3rd mitosis 2 6.5 1 2 

D 1st mitosis 27 39 50 
2nd mitosis 58 60 47 
3rd mitosis 23 11 3 

E 1st mitosis 40 47 - 64 
2nd mitosis 55 47.5 34 
3rd mitosis 5 5.5 - 2 

Thus ,  b y  a n a l y z i n g  the  s t a i n i n g  proper t i es  of m e t a p h a s e  
c h r o m o s o m e s ,  i t  is possible  to d e t e r m i n e  how m a n y  
cycles in t h e  p resence  of t h e  base  ana logue  t he  cell ha s  
h a d  before en t e r ing  mitos is .  I n  th i s  r epo r t  we shal l  
ana ly se  3 -day  h u m a n  blood cu l tu res  labeled w i th  B r d U  
in order  to  d e t e r m i n e  t he  n u m b e r  of cell cycles  u n d e r g o n e  
b y  mi to t i c  ceils. 

Mater ia l  and methods. Blood s amp le s  f rom 5 n o r m a l  
donor s  were e m p l o y e d  to  se t  up  a t o t a l  of 15 l y m p h o c y t e  
cu l tu res .  A g roup  of 5 cu l tu re s  (1 cu l tu re  f r om each  donor)  
was  t r e a t e d  w i th  3 ~zg/ml of B r d U .  A n o t h e r  g roup  of 5 
cu l tu re s  received 5 ~tg/ml of B r d U .  The  r e m a i n i n g  5 cul- 
t u r e s  received 10 ~g /ml  of t he  base  ana logue .  All cu l tu res  
were k ep t  in comple t e  da rkness .  Af t e r  72 h of i n c u b a t i o n  
a t  37 ~ t h e  cu l tu re s  were h a r v e s t e d  a n d  t he  c h r o m o s o m e  
sp reads  were  t r e a t e d  wi th  t he  B r d U - G i e m s a  t e c h n i q u e  of 
I~OREMBERG a n d  ~'R~;EDLANDER a. 1 week later,  a second  
series of b lood cu l t u r e s  were se t  up,  t r e a t e d  w i t h  5 ~g /ml  
of B r d U  and processed  as descr ibed  before. 

Results  and discussion. A to t a l  of 200 mi tos i s  r a n d o m l y  
se lec ted  were a na lyz e d  in e a c h  cul ture .  T h e  n u m b e r  of 
D N A  s y n t h e s i s  per iods  p e r f o r m e d  b y  t he  cell du r ing  t he  
72 h of cu l tu re  was  d e t e r m i n e d  for each  m e t a p h a s e  a n d  
recorded  (Figures  1 a nd  2). 

T h e  Tab le  s h o w s  for each  c o n c e n t r a t i o n  of B r d U  the  
pe r c e n t a ge  of cells wh ich  h a d  gone t h r o u g h  1, 2 or  3 
r o u n d s  of repl ica t ion  in t he  presence  of t he  base ana logue .  
T h e  ana lys i s  of th i s  Tab le  shows  t h a t  t he  pe rcen tage  of 
cells in t he  2nd a nd  3rd mi tos i s  is lower w i th  3 ~g/ml  t h a n  
w i t h  5 or 10 ixg/ml of B r d U .  On t h e  o ther  h a n d ,  t he  
f igures  co r r e spond ing  to  1st mi tos i s  show a reverse  s i tua -  
t ion.  The  m o s t  l ikely e x p l a n a t i o n  for th i s  p h e n o m e n o , l  is 
the  d i f f icu l ty  in i den t i fy ing  t h e  dif ferences  of s t a i na b i l i t y  
be tween  c h r o m a t i d s  w h e n  t h e  dose of 3 ~zg/ml of B r d U  
is employed .  W i t h  th i s  concen t r a t i on ,  the  a m o u n t  of 
B r d U  incorpora t ed  in to  the  D N A  is p r o b a b l y  no t  e n o u g h  
to p roduc e  a q u e n c h i n g  in t he  i n t e n s i t y  of the  G ie msa  
s t a in  e q u i v a l e n t  to those  induced  b y  5 and  10 ~g/ml .  

Fig. 1. Second division. BrdU-Gielnsa method. • 1100. Fig. 2. Third division. BrdU-Giemsa method. • 1100. 
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Accordingly,  some of the  m e t a p h a s e s  in the  2nd or 3rd 
division are no t  recognized as such, and t h e y  are con- 
sequen t ly  recorded as cells in the  1st division. 

A second series of cul tures  f rom 3 of the  donors  pre-  
viously employed  were set  up and  t r ea ted  wi th  5 txg/ml 
of the  base analogue (Table). The compar ison  of the  
resul ts  f rom the  two series of cul tures  shows t h a t  the  
percentage  of cells in 1st, 2rid or 3rd division m a y  v a r y  
f rom cul ture  to  cul ture  i ndependen t l y  of the  fact  t h a t  
cul tures  m a y  s tem from the  same donor.  This has to be 
t aken  into account  to expla in  the  var iab i l i ty  of results  
ob ta ined  in s imul taneous  cul tures  of the  same donor  
t r ea t ed  wi th  5 and 10 ~zg/ml of B r d U  (only the  donor  A 
shows equiva len t  resul ts  in b o t h  sets of leukocyte  cul- 
tures). 

I t  has  been known  since long t h a t  P r i G - s t i m u l a t e d  
h u m a n  blood cul tures  comprise  mixed  l y m p h o c y t e  sub- 
popula t ions  which  s t a r t  D N A  synthes is  a t  d i f ferent  mo- 
m e n t s  or which  have  d i f ferent  lengths  of the i r  cell 
cycles.~,8 n .  The expe r imen t s  f rom BENDER and ]~3RE- 
WEN "~ suggest  t h a t  h u m a n  blood cul tures have  2 lympho-  
cy te  subpopula t ions  w i th  d i f ferent  radiosensi t ivi t ies  and 

wi th  d i f ferent  ra tes  of progression t h r o u g h  the  process of 
D N A  synthes is  to cell division ; the  fas tes t  and the  slowest 
ceils to  reach  mitosis  would exh ib i t  h igh and low radio- 
sens i t iv i ty  respect ively.  

Our resul ts  show t h a t  the  BrdU-Giemsa  t echn ique  is a 
useful m e t h o d  to iden t i fy  wi th  accuracy the  percen tage  
of l ymphocy te s  which  have  gone t h ro u g h  1, 2 or 3 divi- 
sions in 72 h blood cultures.  I t  is t e m p t i n g  to speculate  
t h a t  these  3 d i f ferent  ra tes  of division cor respond to 3 
d i f ferent  l y m p h o c y t e  subpopula t ions .  However ,  before 
accept ing  th is  assunlpt ion,  i t  will be necessary  to  cor- 
re la te  the  sens i t iv i ty  to  clastogenic agents  exh ib i ted  by  
l y m p h o c y t e s  which  have  en te red  mitosis  one, two or 
th ree  t imes  dur ing the  cul ture period.  
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Summary .  This s t u d y  has  revealed t h a t  mid -day  'zero'  and  'minus '  low t ides ill Hawai i  show a defini te  seasonal i ty  and 
t h a t  the i r  occurrence causes considerable  bleaching and  killing of in te r t ida l  H y p n e a  popula t ions .  

Tides are the  ma jo r  fac tors  l imit ing the  upper  and 
lower l imits  of in te r t ida l  seaweeds  a, 4. In  the  t ropics  the  
t ime of the  occurrence of t he  low t ides  is especially im- 
po r t an t .  

In  Ghana,  LAWSON'S 5 s tudies  revealed t h a t  t he  seasonal  
var ia t ion  in the  abundance  and  ver t ical  zonat ion  of inter-  
t idal  seaweeds,  such as H y p n e a  musc#ormis  (Wulfen) 
Lamouroux ,  was s ignif icant ly  corre la ted wi th  the  seasonal  
changes  in the  t ime  of t he  occurrence  of lowest  low tides.  
In  t he  season of the i r  day - t ime  occurrence,  the  in te r t ida l  
popula t ions  declined. W h e n  occurr ing at  night ,  the  sea- 
weed popula t ions  increased and  also ex t ended  higher  up 
the  shore. 

Table I. Number of days per month in the Hawaiian Islands with 
predicted mid-day 0,0 em and 'minus' low tides~ 

Since d i f ferent  shores do no t  necessar i ly  have  identicai  
t ida l  r h y t h m s  a it is er roneous  to use LAWSON'S results  in 
pred ic t ing  the  effects of the  t ides  on in te r t ida l  seaweeds 
in o ther  t ropical  regions of s imilar  la t i tude.  The local t idal  
character is t ics  of m a n y  regions m u s t  be s tudied  before 
broad  general izat ions  can be made.  However ,  ex t remely  
scan ty  l i te ra ture  has  been wr i t t en  on this  subject .  In  
Hawai i  there  seems to  be no publ i shed  account  showing 
w h e t h e r  or no t  there  is any  seasonal i ty  in t idal  behaviour .  
The p resen t  s t u d y  was therefore  focused on th is  aspect.  

In  th is  invest igat ion,  a t t e m p t s  have  also been  made  to  
d e m o n s t r a t e  actual  physical  damage  and d e a t h  of inter-  
t ida l  seaweeds dur ing mi d -d ay  t ide - induced  emersion.  

Mater ia l  and methods, The n u m b e r  of days  per  m o n t h  
wi th  pred ic ted  mi d -d ay  'zero '  (0.0 cm) and minus  (e.g., 
-0 .8  cm) low t ides  in the  Hawai ian  I s lands  for 1972, 1973 
and  1974 (Table 1) were counted .  These were t aken  as 
t ides  occurr ing be tween  11.00 and 14.00 h. 

Year Months 

J F M a M J J A S O N D 

1972 8 13 14 8 7 3 1 0 0 0 0 3 
1973 9 13 11 5 6 3 2 0 0 0 0 0 
1974 6 12 10 7 7 3 0 0 0 0 0 3 

7.7 12.7 11.7 6.7 6.7 3.0 1.0 0.0 0.0 0.0 0.0 0.0 
SD. 1.5 0.6 2.1 1.5 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.7 

�9 Source: Tide calendars for the Hawaiian Islands published by the 
Dillingham Corporation, Honolulu. 

1 Based on portion of a Ph.D. dissertation submitted to the Gradu- 
ate Division, University of Hawaii in Fall, 1974. 
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