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O n  t h e  B a l l o o n - F o r m a t i o n  of  I s o l a t e d  C h l o r o -  
p l a s t s  a n d  G r a n a  

Since the  s t u d y  of KNUDSON1 on isolated chloroplasts ,  
it  has  been  found t h a t  when  isolated chloroplas ts  are sus- 
p e n d e d  in dist i l led wa te r  or  a d i lu te  solut ion of sugar  t h e y  
exh ib i t  bubble- l ike  p ro t rus ions  {blebs) developing from 
the i r  surface2,~; some t imes  each chloroplas t  becomes  a 
round  bleb (balloon) as a resul t  of the  ex tens ion  of i ts  
m e m b r a n e  z-B. 

In  our  s tudies  on the  swelling of isolated chloroplas ts  
the  bMloon- format ion  descr ibed  above was observed  in 
t w o  d i f fe ren t  t y p e s  wi th  a microscope,  and  i t  was clearly 
s h o w n  t h a t  t he  bal loons  thus  Iormed quickly  r eve r t ed  to 
the i r  ini t ial  s t a t e  when  the  suspend ing  m e d i u m  was re- 
p laced  b y  a hype r ton i c  solution.  In  add i t ion  to  this,  g r ana  
par t ic les  isolated by  cen t r i fuga t ion  a s sumed  the  shape  of 
bal loons as d id  chloroplasts .  The  p resen t  pape r  repor t s  t he  
resul t  of these  exper iments .  

Spinach leaves were homogen ized  for 15 sec in a mixe r  
wi th  a 0 . 5 M  sucrose solut ion buffered wi th  0 . 0 4 M  Tris  
(pH 7.4). The brei  was  then  f i l tered t h rough  c lo th  and  the  
chloroplas ts  were s epa ra t ed  f rom the  f i l t ra te  by  cen-  
t r i fuga t ion  a t  1000 g for 7 rain. The grana  were  sedi- 
mer i ted  f rom t h e  s u p e r n a t a n t  by  cen t r i fuga t ion  (2000 to  
5000 g). All the  processes  descr ibed above  were  carr ied 
ou t  a t  0-3~C. 

The  bal loons were formed b y  the  add i t ion  of a small  
n u m b e r  of chloroplas ts  or g rana  to  dist i l led wa te r  p laced 
on a glass slide. They  were s t i r red  for a few seconds  wi th  
a glass rod, and  t h e n  observed  microscopical ly  ( × 1500). 

In  e x p e r i m e n t s  w i th  ni te l la  cells, the  chloroplas ts  were 
isolated in an a p p a r e n t l y  u n d a m a g e d  condi t ion  by  exci- 
sion of one end  of an in te rnoda l  cell followed by  gent le  
scraping of the  cell wall to expel  the  cell con t en t s  into 
dis t i l led water .  

F igure  1 shows the  ba l loon- format ion  of sp inach  chloro- 
plas ts .  The  vas t  ma jo r i t y  of t h e m  show t h a t  t he  g rana  and  
s t r o m a  are spread  over  t he  inside of t h e  balloon,  and  in a 
few cases the  in ter ior  is e m p t y  as a resu l t  of diffusing ou t  
of the  con t en t s  in to  the  suspend ing  med ium.  Figure  2 
shows the  chloroplas ts  ot nitel la cell which have  tu rned  
in to  balloons.  As a resul t  of abso rp t ion  of water ,  t he  
m e m b r a n e  has  become d is tended ,  and  b o t h  the  g rana  and  
s t r oma  have  m o v e d  to a per iphera l  p a r t  of the  balloon. 
The  type  of ba l loon- fo rmat ion  observed  in sp inach  was 
scarcely found  in nitella,  

Ba l loon- fo rmat ion  of ni te l la  chloroplas ts  seems to  be 
cond i t ioned  by  m a n y  factors.  In  some cases t he  chloro-  
p las t s  isolated f rom the  u p p e r  i n t e rnoda l  cell form bal- 
loons wi th  less d i f f icul ty  t h a n  those  f rom the  lower  in ter-  
nodal  ceil. The  ch loroplas t s  o b t a i n e d  f rom nitel la  cells 
which  have  been kept  in the  da rk  for 1-2 days  form a 
bal loon qui te  easily, while the  cells col lected from ponds  
in t he  d a y t i m e  and  no t  kept  in the  da rk  show ex t r eme  
di f f icul ty  in the  fo rmat ion  of balloons.  

W h e n  the  suspend ing  med i u m was replaced wi th  0 . 5 M  
sucrose,  the  bal loons a t  once reve r t ed  to  t he  s t a t e  of the  
original  chloroplas ts .  W h e n  such reversible  changes  
caused  by  dist i l led water  and  hype r ton ic  solut ion were  

Fig. 2. Balloon-formation of isolated chloropl.asts from a nitella cell. 
× 1500. The contents of the chloroplasts (probably grana, stroma, 

and starch grains) seem to have been pressed to the sides of the 
balloons. 

Fig. 3. Balloon-formation of isolated grana particles of spinach. 
x 1500. 

Fig. 1. Balloon-formation of isolated chloroplasts of spinach. The 
small balloons probably originate from grana particles. × 1500. 

Phase-contrast microscope. 
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repeated twice on the  same chloroplast ,  i t  suffered de- 
format ion  and ceased responding to fur ther  changes in 
osmotic pressure. 

The  same result  was also observed in spinach chloro- 
plasts. 

I n  our  ear ly  exper iments  6,7, i t  was conf i rmed by 
spec t ropho tomet ry  t h a t  the  swollen chloroplasts  never  
rever ted  to the  initial s ta te  when the  suspending m e d i u m  
was replaced by a hyper ton ic  solution. However ,  the  ob- 
jects  which were called 'swollen chloroplas ts '  in t he  ear ly  
exper iment  did no t  become balloons, bu t  appeared  as 
granular  f la t tened bodies which were p roduced  b y  a weak  
solution of salts or  sugars. I n  such weak  solut ions chloro- 
plasts never  form balloons. I t  can therefore  be concluded 
from the present  exper iments  t h a t  reversible  swelling is 
observed only in the  bal loon-forming chloroplasts.  

Photomicrographs  of the  grana  par t ic les  suspended in 
distilled wate r  are shown in Figure  3. Defo rma t ion  to 
perfect ly round part icles (d iameter  about  0.2-1/~) occurs 
as a result  of absorpt ion of water .  The  large par t ic les  

p robab ly  or iginate  in the  s t roma  lamel lae  and small  ones 
in the  grana  lamellae.  F r o m  this expe r imen t  i t  is supposed 
t h a t  g rana  par t ic les  (grana and s t roma  lamellae),  l ike 
chloroplasts ,  are  enclosed by  a semipermeable  membrane .  

Zusammen/assung, Isol ier te  Chloroplas ten von  Sp ina t  
a n d  Ni te l la  in A q u a  dest. zeigen infolge Membranelavei-  
t e rung  2 versehiedene T y p e n  bal lonf6rmiger  Chloro- 
plasten.  Die Ersche inungen  bei Grana  sind ~hnlich. Es  
wird die osmotische N a t u r  des bal lonf6rmigen Chtoro- 
p las ten  beschrieben.  
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Comparative Efficiency of Arsenicals in Modify- 
ing Effects of Ethyl Methane Sulphonate (EMS) 

on Barley Chromosomes 

In  a pre l iminary  inves t iga t ion  on bar ley  and broad 
bean, some th iol - inhibi t ing substances  were demons t r a t ed  
as enhancing the aber ra t ion  ra te  produced by  E M S  on 
chromosomes ~. Tested substances  were mercur ic  chloride 
and neoarsphenamine  (sodium sal t  of m-d iamino-p-d ioxy-  
arsenobenzene methy lene  su lphoxyl ie  acid). A l though  i t  
is known tha t  arsenicals and o ther  th io l - inhibi t ing  sub-  
stances are by  themselves  depr ived  of any  mutagen ic  
act ivi ty,  i t  remains to uti l ize these substances  as modif iers  
of the mutagenic  act ion of the  h igh ly  mutagen ic  a lkyla t -  
ing agent  EMS. I t  was ev iden t  f rom these pre l iminary  ex- 
per iments  t ha t  some - S H  bear ing enzymes  are involved  
in some way  in the  mechanisms by  which E M S  produces 
chromosome aberrat ions.  Since only one arsenical  was 
tested, the  quest ion remained whe ther  some modif ica t ions  
of the arsenical molecules could lead to var ied  efficiency. 

In  the present  exper iment ,  the  following arsenicals  were 
used : 

Pen tava l en t :  (1) p-aminophenyk~rsinate  of N a  or  
Atoxyl  (Hoechst),  (2) 3 -ace ty lamino-4-hydroxy-phenyl -  
arsonic acid or  Spirocid (Hoechst)  or  Stovarsol ,  (3) p-  
hydroxyphenylars in ic  acid or  oxarsani l ic  acid (Hoechst ) ;  

Double bond:  (1) Na  salt  of rn-diamino-p-dioxy-arseno-  
benzenemethylenesulphoxyl ic  acid or  Neosa lvarsan  
(Hoechst) or  neoarsphenamine,  (2) 2-Na propionate  of 
d i  - (fl, 7 - diox:~-propyl) - aminophenol  - '4 - arsino - 5' - fl - (ben- 
zoxazolyl-[2]-mercaptol)  or  Sp i lo t rypan  (Hoechst) ;  

Tr iva len t  : 3-amino-4 hydroxy-phenyl -d ichlorars ine  hy-  
d~ochloride or  Clorarsen (Squibb).  

The lay-out  of the exper iment  has been modif ied with  
reference to the  results of the  previous exper iment ,  in 
which the op t imum effect was found to be s t rongly  de- 
pendent  on the  concentra t ions  of EMS and arsenical,  
dura t ion  of t rea tments ,  p H  and t empera tu re  dur ing and 
af ter  t r ea tmen t  and the  t ime of presoaking the seeds. D r y  
and 30 h presoaked bar ley  seeds (caryopsis) of var .  piro- 
line were t rea ted  for 2 h wi th  each arsenical at  1 • 10-3M. 

Af te r  washing  wi th  runn ing  bidist i t led water ,  seeds were 
immersed  in a solut ion conta in ing  0.3 g E M S  per  100 ml  
bidist i l led wa te r  for 3 h. Dur ing  all the  t rea tments ,  p H  
was ad jus ted  a t  8 w i t h  Sorensen buffer  or  c i t ra te-  
ca rbona te  for Clorarsen and the  t empe ra tu r e  was main-  
t a ined  a t  22°C. Seeds were ge rmina ted  as indica ted  in a 
previous  paper  2. 

Chromosome aberra t ions  were inves t iga ted  in bo th  
metaphases  and anaphases  of the  first mi to t ic  cycle a f te r  
germinat ion .  I t  seems t h a t  af ter  all  t r ea tments ,  de layed 
effects on chromosomes  do no t  occur. 

The  different  aberra t ions  induced by  var ious  t r e a t m e n t s  
could be clearly dis t inguished in two groups.  

The  first  group observed af te r  t r e a t m e n t  of bo th  d ry  
and presoaked seeds consists main ly  in aberra t ions  of the  
chromosome class bo th  monotop ic  and ditopic.  A low 
propor t ion  of ch romat id  aberra t ions  was observed.  

The  second class of aberra t ions  consists of subchromat id  
types,  i.e. breaks and reunions,  appear ing  only  wi th  pre- 
soaked seed t rea tments .  I t  has to be ment ioned  t h a t  
minutes  (smaller t h a n  1/z) somet imes  occurred af ter  com- 
bined t r e a t m e n t s  b u t  neve r  in large amount ,  so we could  
discard t h e m  in the  present  s tudy.  F igures  1 and  2 com- 
pare  the  results  ob ta ined  wi th  the  di f ferent  compounds .  

F r o m  the  pooled da t a  of all k inds of aberra t ions  i t  can 
be seen t ha t :  (1) all  the  arsenicals are  b y  themse lves  
depr ived  of any  s ignif icant  ac t iv i ty  on chromosomes.  
Arsenic ions are of low tox i c i t y  to p lan t  cells, which  cor-  
robora tes  previous  f indings b y  YON Ros~N~; (2) w i th  
combined  t rea tments ,  there  is a synergis t ic  ac t ion  be- 
tween each arsenical  and EMS. Prev ious  findings wi th  
neoarsphenamine  are  thus  conf i rmed i ;  (3) the  a m o u n t  of  
aberra t ions  is general ly  lower a t  anaphase,  p robab ly  due  
to aber ra t ion  el iminat ion.  This  e l imina t ion  seems to  work  
d i f ferent ly  for each t r e a t m e n t ;  (4) in al l  cases b u t  one 
(Spirotrypan)  seeds are more sensi t ive when  presoaked.  
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