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Electron Microscopic Observation of the Balloon-Formation of Isolated Spinach Chloroplasts 

I t  has  been found  t h a t  when  the  isolated chloroplas ts  
are suspended  in dist i l led wa te r  or hypo ton ic  solutions,  
t h e y  become bal loon-l ike forms as a resul t  of the  ex ten-  
sion of t he  m e m b r a n e s  l-s.  I t  was previous ly  r epor ted  
t h a t  t he  ba l loon- format ion  of chloroplas ts  isolated f rom 
sp inach  and  Nilella was observed in 2 d i f ferent  t ypes  
w i th  pho tomic roscope  5. MERCER et al. 1 found wi th  elec- 
t ron  microscope  t h a t  t he  bal loon resul ts  f rom the  swelling 
of l imi t ing m e m b r a n e  in Nitella chloroplasts ,  b u t  SPENCER 
and  WILDMAN 3 considered,  on the  basis of pho tomic ro -  
scope, t h a t  in sp inach  the  fo rma t ion  resul ts  f rom the  
extens ion  of s t r oma  lamellae.  However ,  m a n y  invest iga-  
t ions  2-5 of the  ba l loon- format ion  were made  a lmos t  
exclusively wi th  photomicroscope ,  excep t  for the  repor t  
descr ibed by  MERCER et al. ~. There  are also e lectron 
microscopic  s tudies  on the  s t ruc tu ra l  changes  w i thou t  the  
ba l loon- format ion  of chloroplas ts  in hypo ton ic  solu- 
t ions  ~ 8. 

In  the  p resen t  exper iments ,  t he  de ta i led  s t ruc tu re  of 
t he  bal loon of sp inach  chloroplas ts  was s tudied  and  the  
fo rma t ion  of the  bal loon was discussed.  

Spinach  chloroplas ts  were isolated in 20 m M  Tris-HC1 
buffer  (pH 7.5) con ta in ing  0 . 4 M  sucrose or 0 .3M NaC1, 
as prev ious ly  descr ibed 9. The bal loons were formed by  
suspending  the  chloroplas ts  in dist i l led wa te r  or a solut ion 
of 0.2 m M  MgC12. The bal loons were observed wi th  
JEM-6A electron microscope af ter  the  samples  were  
p repa red  using the  m e t h o d  of IZAWA and  GOOD 1~ 

I t  was photomicroscopica l ly  observed  t h a t  the  balloons 
were spherical  forms wi th  12 ~z (range: 8-14 ~z) d iamete r  
as in o the r  observations~-5.  No s ignif icant  difference was 
found be tween  the  n u m b e r  of t he  bal loons formed f rom 
sal t  chloroplas ts  and  f rom sugar  ones (the n u m b e r  was 
coun ted  wi th  haema tocy tome te r ) .  Thus,  the  bal loons 
were formed f rom the  chloroplas ts  lacking l imi t ing mem-  
branes  as well as in t ac t  chloroplasts ,  i t  therefore  seemed 
t h a t  t he  bal loon of sp inach  chloroplas ts  is no t  fo rmed 
f rom l imi t ing  m e m b r a n e  as descr ibed by  MERCER et  al. x 
b u t  f rom s t roma  lamellae as descr ibed by  SPENCER and 
W I L D M A N  3. 

The  bal loons were fu r ther  observed  wi th  e lectron 
microscope.  The bal loons in our sect ions were no t  ob- 
served in a spherical  form b u t  depressed (Figure 1) or 
f l a t t ened  in form (Figure 3), p robab ly  because of the  
de fo rma t ion  dur ing f ixat ion,  dehydra~cion and  embedding .  
In  m a n y  cases, a p a r t  of the  bal loon envelope had  the  
var ious  s t ructures ,  such as grana  discs, tangle,  or vesicles 
(Figures 2-4), while the  bal loon w i thou t  such s t ruc ture  
was observed  only  rarely (Figure 1). These Structures 
were less of ten  p resen t  in the  bal loons formed f rom sal t  

chloroplas ts  t h a n  f rom sugar ones~ ' ~ c h  were suspended  
ill the  same hypo ton ic  solution.  

In  our sect ions t h ro u g h  the  balloons,  its envelope was 
surely the  single layer  and the  grana  discs adher r ing  to 
t he  surface of t he  bal loon envelope were f requen t ly  

Fig. 1. Electron micrograph of the balloon-formation of salt chloro- 
plasts in distilled water. The salt chloroplasts were prepared with 
0.3M NaC1-20 mM Tris-HC1 (pH 7.5). • 6500. Marker indicates 1 ~. 
Condition; fixation in 6.5% glutaraldehyde buffered with 50 mM 
phosphate (pH 7.0) for 1 h. After washing in phosphate buffer, 
postfixation in 2% KMnO 4. Dehydration in acetone and embbeding 
in Epon 812. 
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Fig. 2. Balloon-formation of sugar chloroplasts in 0.2 mM MgCI~. 
The sugar chloroplasts were prepared with 0.4M sucrose-20 mM 
Tris-HC1 (pH 7.5). The grana discs adherring to the surface of the 
balloon are observed. • 7600. 
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Fig. 3. Balloon-formation of salt chloroplasts in distilled water. The 
graRa discs are so strongly distorted that individuai discs are seldom 
recognizable and it is seen just like the unknitted configuration. 
x 6500. 

observed (Figure 2). These observa t ions  clearly show 
t h a t  the  ba l loon-format ion  results  f rom the  extens ion  of 
s t roma  lamellae of chloroplasts .  The tang led  s t ruc tu re  
(Figure 3), which is represen ted  the  u n k n i t t e d  configura- 
tion, m a y  be formed f rom the  fu r ther  swelling of the  
grana  discs adherr ing  to  t he  bal loon surface. 

The exp lana t ion  of t he  fo rma t ion  descr ibed above is 
based on the  general  model  of lamellae s t ruc tu re  tha t  
grana  discs are s tacked  on the  s t roma  lamellae. On the  
basis of th is  model,  however ,  it  canno t  be expla ined  
f rom the  ba l loon- format ion  how vesicles or grana  discs 
are f r equen t ly  observed  inside the  bal loon (Figure 4). 
MENKE 11 repor ted  that thy lako id  s tack  m a y  be formed 
by  invaginat ion,  and  WEHRMEYER 1~ showed t h a t  a t  t he  
edge of a granum,  a lan~ellae m a y  b i furca te  or fold back  
on itself, t hus  con t r ibu t ing  2 discs to  the  same granum.  
Fur the rmore ,  WEIER et  a1.13 showed the  th ree -d imens iona l  
model  of a single f re t  connec ted  With several  ad j acen t  
loculi. F r o m  the  model  of lamellae sys t em as descr ibed 
above, it  is no t  to  be under s tood  how the  vesicles or 
g rana  discs observed inside the  bal loon are formed.  

Al though  there  have  been electron microscopic invest i -  
gat ions ~-s on s t ruc tu ra l  changes  of isolated chloroplas ts  
which were suspended  in dist i l led wa te r  or hypo ton i c  
solutions, t h e y  have  no t  observed the  b a l l o o n  as shown 
in our exper iments ,  b u t  separa te  small  vesicles, separa te ly  
swollen grana  discs, swollen g rana- f re twork  sys tem,  
irregular s t roma  lamellae lacking the  grana  discs, or 
swollen chloroplasts .  In  our  observat ions ,  we never  saw 
swollen g rana- f re twork  sys t em 7 and  irregular  s t roma  
lamellae lacking the  grana  discs 6,8. The swollen grana-  
f re twork  sys t em shown wi th  pho tomic roscope  13 is prob-  
ably  ident ical  wi th  the  blebs formed in 0.05-0.1 M sucrose 
as repor ted  by  SPIENCER and WILDMAN 3. 

Zusamrnen/assung. Die Bal lonbi ldung isolierter Spina t -  
ch loroplas ten  wurde  e lek t ronenopt i sch  un te rsuch t .  
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Fig. 4. Balloon-formation of sugar chloroplasts in 0.2 mM MgCI,. 
The grana discs and vesicles are observed inside the balloon. • 7600. 

11 W. MENKE, Ann. Rev. Plant Physiol. 13, 27 (1962). 
12 W. WEHRMEYER, Planta 62, 272 (1964). 
1s T. E. WEIER, C. R. STOCKING and L. K. SHUMWAY, Brookhaven 

Syrnp. Biol. 19, 353 (1966). 
14 The authors wish to thank Dr. Y. KISHIDA for his helpful advice 
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Acoustic Stimulus Perception by the American Lobster Homarus  amer icanus  (Decapoda) 

Crustaceans  have  been used ex tens ive ly  for physiol-  
ogical s tudies  of vision and  the  nervous  sys t em 1, less so 
for t he  aud i to ry  sys tem.  LAVERACK ~ s tudied  Homarus 
and  de te rmined  the  physiological  sens i t iv i ty  of hai r - fan  
organs to various low f requency  wa te r  v ibra t ions .  Drops  
of wa te r  and  a moving  d i aph ragm in the  end of the  t e s t  
t a n k  were two of the  s t imul i  used. Record ings  were made  
f rom nerves  leading f rom hai r - fan  organs  on the  chel ipeds 
and  carapace.  Co~EN 3 found  t h a t  one t y p e  of receptor  

in t he  s t a tocys t  of H. americanus responded  to sub- 
s t r a t u m  v ibra t ion  b u t  no t  to  air,- or wa te r -borne  vibra-  
t ions.  A f requency  response  curve for s u b s t r a t u m  vibra-  
t ions  has  been  de t e rmined  for the  crab Uca with  an 
uncondi t iona l  response ~. There  have  been a few repor t s  
of responses  to  sound st imuli  by  c rus taceansK 

In  these  s tudies  the re  have  been few adequa te  behav-  
ioral measures  of w h a t  s t imul i  c rus tacea  are able to  
perceive.  I t  is hoped  t h a t  t he  p re sen t  t echn ique  of con- 


