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p romot ing  the  in tersec t ional  hybr id iza t ion  of poplars ,  
m u s t  p rove  a boon to breeders .  Large  number s  of hybr id  
p rogeny  can be obta ined ,  m u c h  grea ter  t h a n  wi th  re- 
cogni t ion pollen, so t h a t  selections for cloning m a y  be 
made  f rom a m u c h  wider  choice. This is ve ry  desirable 
since the  pe rcen tage  of valuable  t ypes  p roduced  by  
these  wider  crosses will a lways  be smaller  t h a n  for com- 
pat ib le  crosses. 

Summary .  P r e t r e a t m e n t  of s t igmas  of popla r  flowers 
wi th  hexane  or e ther  p r o m o t e d  hybr id iza t ion  be tween  

normal ly  incompat ib le  black and  whi te  popla r  species. 
Success rates,  as measured  by  se t t ing  o f  ferti le hybr id  
seed, exceeded 95% of those  resul t ing normal ly  f rom 
compat ib le  crosses. Resul ts  suggest  the  exis tence of some 
incompat ib i l i ty  factor,  possibly of a l ipoid nature ,  located 
on the  s t igmat ic  surfaces. 
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A23187 and Red Cells: Changes  in Deformabi l i ty ,  K +, Mg 2+, Ca ~+ and A T P  

Inco rpo ra t ion  of calc ium into  the  inter ior  of the  red cell 
ma rked ly  reduces  t he  de fo rmab i l i ty  of the  cell mem-  
b rane  I, 2. Because calc ium is eff ic ient ly p u m p e d  ou t  of 
t he  no rma l  red  cell 3, expe r imen ta l  incorpora t ion  of 
calcium has requi red  deple t ion  of cellular A T P  to  allow 
leakage 1, or hemolys is  and  reseal ing ~. The ionophore  
A23187 t r a n s p o r t s  d iva len t  cat ions  across cell mem-  
branesS-7, and  we have  used th is  ionophore  to  in t roduce  
calcium into  red  cells con ta in ing  no rma l  a m o u n t s  of 
hemoglob in  and  A T P  in order  to  inves t iga te  deformabi l i ty  
in a sys t em as i n t ac t  as possible.  

Materials and methods. H u m a n  blood was collected in 
ACD solut ion and  immed ia t e ly  washed  3 t imes  wi th  Na- 
tris (135 m M  NaC1; 4.5 m M  KC1; 15 m M  choline;  10 m M  
tris-HC1, p H  7.3) or I(-tris (140 m M  KC1; 15 m M  NaC1; 
10 m M  tris-HC1, p H  7.3) buffer,  supp l emen ted  wi th  1 ram 
E D T A  in the  f i rs t  wash  to  r emove  exogenous calcium 8. 
Stock solut ions (1 M) of t he  above  monova l en t  salts  
were t r e a t ed  wi th  Chelex res in  (Dow) to  r emove  Ca 2+ and 
Mg e+. Cells were  r e suspended  to  10% hema toc r i t  in the  
washing  buffer  and  the  d iva len t  ca t ion t r a n s p o r t  ant i -  
biot ic  A23187 (at 6 mg /ml  in 75% e thanol :  25% DMSO) 
was added  to  make  0.1% of the  volume for a f inal  ant i -  
biot ic  concen t ra t ion  of 10 ixm. (A23187 was a gift  of 
Dr. R. L. HA~MILL of El i  Lil ly and  Co.2.) Af ter  30 min  
equi l ibra t ion  a t  room t e m p e r a t u r e  d iva len t  cat ions  were 
added  and  incuba ted  wi th  t he  cells for 30 rain. 

U p t a k e  of Ca 2+ and  Mg 2+ was measured  using a tomic  
absorp t ion  spect roscopy.  In t race l lu lar  Na  and  K con ten t s  
were measured  by  f lame p h o t o m e t r y  on cells washed  I to  
3 t imes  in isotonic MgC12. 

The de fo rmabi l i ty  of the  ceils was measured  by  fi l tra-  
t ion  t h rough  po lyca rbona t e  fi l ters w i th  2.5 ~m pores 
(Nuclepore, General  Elect r ic  Corp), a t  10 m m  H20 

Table I. Changes in filterability, mean cell volume and monovalent 
cation content 

Addition Filterability (%) MCV (~x 3) K i Nai 

None 59 91 95 9 
A23187 only 59 73 50 13 
A23187 + 5 ~zM CaCI~ 71. 62 42 -- 
A23187 + 50 ~xM CaC12 46 67 33 16 
A23187 + 500~zM CaCI~ 10 72 35 -- 
A23187 + 50 lxM MgC12 61' 68 37 19 

Washed red cells at 10 % hematocrit in Na-tris buffer were incubated 
30 min with A23187 and an additional 30 min with divalent cations. 
Controls were incubated in parallel. Filterability was measured as 
described. Mean cell volume (MCV) in cubic microns; intracellular K 
and Na, in mmole/i packed cells. Concentrations of divalent cations 
are the amounts added to the cell suspension. 

pressure,  or by  m e a s u r e m e n t  of the  pressure  required to  
pull  red  cells t h ro u g h  microp ipe t t es  as descr ibed previ-  
ously 1. A T P  co n t en t  was measured  by  a luciferin-luci- 
ferase m e t h o d  10. 

Results. The minimal  solut ion concen t ra t ion  of A23187 
requi red  to  p roduce  the  effects descr ibed below was 1 $ of 
s tock A23187 solut ion per  ml  of red cells a t  10% hema-  
tocri t .  Upon  addi t ion  of A23187, ceils suspended  in Na- 
tris med i u m sh rank  b y  25%, while intracel lular  K + fell 
f rom 95 to  50 m M  and  int racel lular  Na+ rose f rom 9.3 to 
12-16 m M  (Table I). The rap id  K+ efflux has been 
repor ted  by  o thers  6. 

Add i t ion  of calcium to A23187-t reated cells a l tered the  
mean  cell vo lume (MCV) in p ropor t ion  to t he  calcium 
added.  The a p p a r e n t  shr inkage caused b y  5 /~M Ca 2+ 
correlates  w i th  increased f i l terabi l i ty  of these  cells, bu t  
h igher  concen t ra t ions  of calcium caused f i l terabi l i ty  to  
decrease marked ly  despi te  shrinkage.  Addi t ion  of 
magnes ium caused a similar  loss of MCV bu t  f i l terabtyi l i  
was unchanged.  Thus  MCV and  K + co n t en t  appear  to be 
mos t  s t rongly  inf luenced by  A23187, bu t  cell f i l terabi l i ty  
appears  to  be regula ted  pr imar i ly  b y  calcium. 

Deformabi l i ty  of cells was  also measured  by  use of a 
mic rop ipe t t e  t echn ique  1 (Table II).  Addi t ion  of A23187 
alone s l ight ly increased the  pressure  requi red  to  aspi ra te  
the  cells, and  also changed  the  morphology.  Addi t ion  of 
calcium caused a marked  increase in P t  for A23187 cells. 

Since loss of in t racel lular  A T P  can cause loss of de- 
formabi l i ty ,  the  A T P  levels of ceils conta in ing  A23187 
and A23187 plus calcium were measured.  The results ,  
shown in Table  I I I ,  indica te  t h a t  addi t ion  of A23187 
caused accelera ted deple t ion  of A T P  rela t ive to  controls .  
However ,  add i t ion  of calcium did no t  p roduce  fu r ther  
loss of ATP.  Deple t ion  of A T P  thus  appears  to  be caused 
by  the  A23187 itself. The mechan i sm of th is  rapid  loss is 
no t  readi ly  explained.  
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TabIe II. Pressure required to aspirate A23187-treated cells 

Speeialia EXPERIENTIA 31/6 

Addition No. cells Pt, m m  H~O • SD Celt morphology 

None 22 6.6 ~- 2.4 100% disc 
CaC12 (500~zM) 10 9.5 ~ 4.0 100% disc 
A23187 31 17.5 • 13.1 90% crenated disc, rest misc. forms 
A23187 + 500 ~M CaCI~ 33 67.4 :L 37.8 90~ smooth sphere, 10~ crenated spheres 

(9) (22.0 ~ 5.9) (crenated spheres) 
(24) (84.2 ~ 37.2) (smooth spheres) 

Cells in Na-tris were treated as described in Table I, and aspirated illto a 2.9 ~m micropipette. The pressure required to pull the cells into th~ 
pipett e was recorded. Standard deviations are calculated. For cells with both A23187 and calcium, distinct differences in pressure were seen 
for crenated spheres versus spheres, and these cells are tabulated separately. 

T h e  a c c u m u l a t i o n  of c a l c i u m  a n d  m a g n e s i u m  b y  r ed  
cel ls  in  t h e  p r e s e n c e  of  A 2 3 1 8 7  w a s  d e t e r m i n e d  a n d  t h e  
r e s u l t s  a r e  s h o w n  in  T a b l e  IV .  C o n c e n t r a t i o n  d e p e n d e n c e  
w a s  s l i gh t ,  i n d i c a t i n g  t h a t  i n t r a c e l l u l a r  s i t e s  we re  n o t  
s a t u r a t e d  e v e n  a t  a f i na l  i n t r a c e l l u l a r  c o n c e n t r a t i o n  of  
4 r a M .  I n  t h e  a b s e n c e  of  a d d e d  m a g n e s i u m ,  i n t r a c e l l u l a r  
m a g n e s i u m  (2.5 m M )  l e a k e d  ou t .  A d d i t i o n  of  0.5 m M  
NgC12 to  t h e  cell  s u s p e n s i o n  r e s u l t e d  in  m a g n e s i u m  
a c c u m u l a t i o n .  T h e s e  v a l u e s  for  Ca  2+ a n d  M g  2§ d i s t r i b u t i o n  
w e r e  a t t a i n e d  b y  30 m i n  a n d  w e r e  s t a b l e  for  s e v e r a l  
h o u r s .  S ince  loss  of  f i l t e r a b i l i t y  o c c u r s  in  a r a n g e  of  c a l c i u m  
c o n c e n t r a t i o n s  in  w h i c h  p e r c e n t  c a l c i u m  a c c u m u l a t i o n  
v a r i e s  o n l y  s l i g h t l y ,  t i t r a t i o n  of  t i l e  a f f i n i t y  of  t h e  s i t e s  
r e s p o n s i b l e  for  r i g i d i t y  w i t h  e x t r a c e l l u l a r  E G T A  w a s  n o t  
a t t e m p t e d .  

Table III. ATP content of A23187-treated cells 

ATP level, mM[1 packed cells 

Addition Na-tris (2h) Na-tris (8h) N-tris (2 h) 

None 0.88 0.58 0.81 
A23187 0.60 0.15 0.58 
A23187+50~MCaC12 0.58 0.09 0.67 
A23187 + 50~MMgC12 0.60 0.09 0.64 

Cells incubated as described in Table I were assayed for ATP by the 
method of ALEnORT et al. ~~ using luciferin-luciferase. ATP was 
measured either at 2 h or at 8 h after addition of A23187 to cells, or of 
ethanol: DMSO to control cells. Data at 2 h correspond to data for 
filterability, K and Na content, and pipette aspiration, all of which 
were determined at about 2 h also. 

Table IV. Calcium and magnesium uptake in presence of A23187 

Medium [CaCl~] % Ca uptake % Mg uptake 

- -  M g  + Mg - -  M g  + Mg 

500 83 79 71 50 
50 ~ 83 80 --  55 

5 88 81 - -  - -  
0 (100) (100) 60 50 

Red cells at 10 % hematocrit in Na-tris were treated with A23187 and 
calcium al~d magnesium were added to the suspension to obtain 
solution concentrations of calcium as shown. Magnesium was present 
either as the intrinsic Mg 2+ of the ceils, about 250 ~M in the entire 
suspension (-- Mg) or an additional 500 ,~M of MgC12 was added to 
the suspension (+  Mg). After incubation for 1 h, cation contents of 
whole suspensions and of supernatants  were measured, and hemato- 
crits were taken. After correction for cell volume in the suspension, 
the percent of each cation in the cells was calculated. 

Discussion. T h e  a b o v e  r e s u l t s  c o n f i r m  ea r l i e r  o b s e r v a -  
t i o n s  1, 2, 5 t h a t  i n c o r p o r a t i o n  of  c a l c i u m  i n t o  t h e  i n t e r i o r  
of  t h e  r e d  cell  c a u s e s  t h e  m e m b r a n e  t o  b e c o m e  m o r e  
r ig id .  C o n f i r m a t i o n  of  p r e v i o u s l y  r e p o r t e d  e f f ec t s  w i t h  
A 2 3 1 8 7  i n d i c a t e  t h a t  loss  of  i n t r a c e l l u l a r  c o m p o n e n t s  is  
n o t  r e s p o n s i b l e  for  t h e  o b s e r v e d  loss  of  d e f o r m a b i l i t y  
w i t h  c a l c i u m .  I n  a d d i t i o n ,  i t  is c o n f i r m e d ,  in  i n t a c t  cells,  
t h a t  eve  n l a r g e  i n c r e a s e s  in  i n t r a c e l l u l a r  m a g n e s i u m  do  n o t  
c a u s e  r i g i d i t y .  

T h e  r a p i d  loss  of  p o t a s s i u m  in  t h e  p r e s e n c e  of  A 2 3 1 8 7  
m a y  be  a m a n i f e s t a t i o n  of  t h e  w e l l - k n o w n  i n c r e a s e  in  
K +  e f f l u x  c a u s e d  b y  i n t r a c e l l u l a r  Ca  2+1~-~. I t  h a s  b e e n  
s h o w n  b y  1REED 6 t h a t  M g - E G T A  p r e v e n t s  t h i s  1~+ 
e f f l ux .  O t h e r  w o r k e r s  h a v e  f o u n d  t h a t  t o t a l  i n t r a c e l l u l a r  
l eve l s  of  80 to  100 ~zM Ca  a r e  r e q u i r e d  t o  p r o d u c e  t h i s  
effect~5, x6 a n d  t h a t  t h e  i n t r a c e l l u l a r  i o n i z e d  Ca  ~+ leve l  
m u s t  be  a b o u t  1 ~zM ~6. T h e  t o t a l  l eve l  of  Ca  2+ in  o u r  
s y s t e m ,  in  t h e  a b s e n c e  of a d d e d  CaC12, is a b o u t  1 ~zM. 
D e p l e t i o n  of  i n t r a c e l l u l a r  Ca  c a n  a l so  c a u s e  I~+ e f f l u x  ~7 
b u t  t h i s  e f f ec t  is a c c o m p a n i e d  b y  a n  i n c r e a s e  in  N a +  
p e r m e a b i l i t y ,  w h i c h  we  d id  n o t  o b s e r v e .  H e n c e  t h e  K +  
p e r m e a b i l i t y  c h a n g e  is m o s t  l i k e l y  t o  i n v o l v e  e f f i c i e n t  
r e d i s t r i b u t i o n  of  i n t r a c e l l u l a r  Ca  2+ t o  c r i t i ca l  s i t es ,  a s  
o b s e r v e d  for  MgY+ 5 in  m i t o c h o n d r i a .  

T h e  g r e a t  d i s p a r i t y  in  t h e  l eve l s  of  c a l c i u m  r e q u i r e d  for  
K +  e f f l u x  a n d  loss  of  ce l lu l a r  d e f o r m a b i l i t y  i n d i c a t e s  t h a t  
t h e  m e c h a n i s m  is p r o b a b l y  d i f f e r e n t ,  a n d  h e n c e  t h e  r e d  
cell  f i b r i l l a r  n e t w o r k  1, 2 is u n l i k e l y  t o  be  i n v o l v e d  in  t h e  
K + e f f lux .  

Summary. A 2 3 1 8 7  a l l ows  r e d  cel ls  to  a c c u m u l a t e  Ca  2+ 
a n d  b e c o m e  r ig id .  E x c e s s  M g  2+ does  n o t  m a k e  cei ls  r ig id .  
A 2 3 1 8 7  a l so  c a u s e s  K +  e f f l u x ,  e v e n  t h e  a b s e n c e  o f  a d d e d  
c a l c i u m .  
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