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es s ich . n u t  u m  sehr  ger inge Mengen  ( <  0 ,05% i,T.) 
handeli1. - A u c h  in Equise tum arvense f a n d e n  wir  eine 
ger inge Mal tosemenge ,  die b ie r  ebenfa l ls  ke ine  B e d e u t u n g  
als S p e i c h e r k o h l e n h y d r a t  h a b e n  diirf te .  

D u r c h  a u t o r a d i o g r a p h i s c h e  U n t e r s u c h u n g e n  k o n n t e  
KANDLER 13 zeigen, dass  Mal tose  in hOheren P f l anzen  wei t  
v e r b r e i t e t  ist.  Dabe i  h a n d e l t  es s ich  abe r  h~tufig u m  Men-  
gen, die p a p i e r c h r o m a t o g r a p h i s c h  n i c h t  f a s sba r  s ind u n d  
d a m i t  spe icherungsphys io log i sch  ke ine  Rolle spielen, wie 
a u c h  neue  U n t e r s u c h u n g e n  yon  IKANDLER 14 gezeigt  
h a b e n  1~. 

S u m m a r y .  Some older  resu l t s  on  t he  occurrence  of 
ma l t o se  in h ighe r  p l a n t s  h a v e  been  ver i f ied;  s em i quan t i -  

t a t i v e  e s t ima t i ons  were made.  Also ma l tose  is de t ec t ed  
in A coni tum lycoctonum and  in Equi se tum arvense. 
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T h e  D e m o n s t r a t i o n  of L y s o s o m e s  in the  B o v i n e  
Adrena l  Medu l la  

R e c e n t  work  has  d e m o n s t r a t e d  t he  presence  of six acid 
hyd ro l a se s  in  h o m o g e n a t e s  of b o v i n e  ad rena l  m edu l l a  1-3. 
B y  t he  use of c en t r i f uga t i on  on  a sucrose  dens i t y  g r a d i e n t  
i t  was  found  t h a t  these  enzym es  were c o n c e n t r a t e d  in a 
f r ac t i on  d i s t i nc t  f rom b o t h  t he  c h r o m a f f i n  granules  and  
t h e  m i t o c h o n d r i a .  T he  e n z y m e s  s tud ied  (acid p h o s p h a -  
tase ,  acid DNase ,  acid RNase ,  f l-glucuronidase,  c a theps in  
a n d  a ry l su lpha ta se )  are cha rac t e r i s t i c  of cell organel les  
def ined  as lysosomes b y  DE D u v E  a,5. Severa l  s tud ies  of 
t he  acid p h o s p h a t a s e  c o n t e n t  of ad r ena l  m e d u l l a r y  cells 
h a v e  been  r e p o r t e d  e,~, h u t  no  def in i te  i n t r ace l lu l a r  locali- 
za t ion  of th i s  enzyme  has  been  desc r ibed ;  COUPLAND 7 
sugges ted  t h a t  i t  m a y  be associa ted  w i t h  t he  occurrence  
of lysosomes.  

A l t h o u g h  t h e  resu l t s  q u o t e d  sugges ted  v e r y  s t rong ly  
t h a t  lysosomes were p r e s en t  in  c h r o m a f f i n  t i ssue  ~,3, i t  
seemed des i rab le  to  conf i rm th i s  b y  app ly ing  h i s tochemi -  
cal a n d  e lec t ron-microscopic  t echn iques  to  t issue sections,  
us ing  acid p h o s p h a t a s e  as a m a r k e r  enzyme.  Such  m e t h -  
ods  would  m a k e  i t  possible  to  d e t e r m i n e  t he  precise 
morpholog ica l  loca t ion  of the  enzyme.  

Methods. Smal l  pieces of bov ine  ad r ena l  medul la ,  ob- 
t a i n e d  f rom the  s laughte rhouse ,  were f ixed w i t h o u t  de lay  
for  3 h a t  4 ~ in  a 3% solu t ion  of g l u t a r a l d e h y d e  buffered  
w i t h  cacody la te  to  p H  7.4. The  f ixa t ive  was washed  o u t  
w i t h  t he  same  buf fe r  o v e r n i g h t  (4 ~ a n d  frozen sect ions  
were  p r e p a r e d  for  h i s t o c h e m i s t r y :  sec t ions  were 10 .u 
t h i c k  for opt ica l  mic roscopy  a n d  30/~ t h i c k  for s u b s e q u e n t  
e lec t ron  microscopy.  The  sect ions  were i n c u b a t e d  a t  
37 ~ for 15, 30 a n d  60 mill  in  a f resh f l -g lycerophosphate  
m e d i u m  (pH 5.0) p r epa red  as descr ibed  b y  GOMORI ~. 
Af te r  i n c u b a t i o n  the  sect ions  were w a s h e d  for 1 mill  in  
1% acet ic  acid, in  o rde r  to  r emove  a n y  non-specif ic  
a d s o r p t i o n  of lead ions. 

Sect ions  i n t e n d e d  for op t ica l  mic roscopy  were t r e a t e d  
w i t h  a d i lu te  so lu t ion  of yel low a m m o n i u m  su lphide  to 
d e m o n s t r a t e  t he  r eac t ion  p r o d u c t ;  sect ions  to  be used for 
e lec t ron  mic roscopy  were t r e a t e d  for 1 h in  a 1% so lu t ion  
of o s m i u m  t e t r o x i d e  a t  r oom t e m p e r a t u r e  before  de-  
h y d r a t i n g  in  a g raded  series of alcohols,  e m b e d d i n g  in 
Ara ld i t e  a n d  p r e p a r i n g  800 ~k t h i c k  sec t ions  for  e x a m i n a -  
t ion .  Some of these  sect ions  were e x a m i n e d  w i t h o u t  fur-  

t i ler  t r e a t m e n t ,  b u t  o the r s  were s t a ined  w i t h  R e y n o l d s '  
lead c i t ra te  for  8 m in  in order  to  increase  t he i r  con t r a s t .  
Contro l  i n c u b a t i o n s  were car r ied  ou t  in  t he  absence  of 
s u b s t r a t e  a n d  also in t h e  Gomor i  m e d i u m  plus 0 . 0 1 M  
sodium fluoride. 

Results.  W i t h  the  l igh t  microscope acid p h o s p h a t a s e  
was found  to  be  p re sen t  in  t he  bov ine  ad rena l  medul la ,  
b u t  r a t h e r  long i n c u b a t i o n  per iods  were required .  Af te r  
i n c u b a t i o n  for  30 m i n  t he  r eac t ion  p r o d u c t  was localized 
to a few granu les  s ca t t e r ed  t h r o u g h o u t  the  c y t o p l a s m  of 
t he  c h r o m a f f i n  cells (Figure 1). Af te r  60 min  t he re  was 
on ly  a s l igh t  increase  in the  i n t e n s i t y  of the  reac t ion .  
The re  was no  reac t ion  in e i t he r  t y p e  of control .  These  
resu l t s  con f i rm  those  of COUPLAND 7. 

E lec t ron-dense  bodies,  a b o u t  0.6 # in  d i a m e t e r  and  
b o u n d e d  b y  a m e m b r a n e ,  were seen on  e lec t ron-micro-  
scopic e x a m i n a t i o n  of f resh t issue t h a t  h a d  been  f ixed 
i m m e d i a t e l y  in  g lu t a r a ldehyde  fol lowed by  o s m i u m  
These  dense  bodies  were m u c h  less f r e q u e n t  t h a n  ch romaf -  
fill granules ,  on ly  one or  two be ing  seen in a n y  sec t ion  of 
a cell (Figure 2). These  organel les  had  a va r i ab le  e lec t ron  
dens i t y ;  such  a po lymorph i c  a p p e a r a n c e  is cons i s t en t  
wi th  the  morpholog ica l  concep t  of the  lysosome s. 

E lec t ron  microscopy  was also used for sect ions t h a t  h a d  
been i n c u b a t e d  in t he  Gomor i  med ium,  since i t  h a s  been  
s h o w n  t h a t  t h e  acid p h o s p h a t a s e  t e s t  is specific and  
capab le  of app l i ca t ion  a t  t he  level of reso lu t ion  af forded 
by  t he  e lec t ron  microscope 9,10. W h e n  th i s  p rocedure  was 

1 H. BLASCHKO, A. D. GMITH, and H. WINKLER, Biochem. J., 96, 
49P (1965). 

2 A. D. SMITH a n d  H WINKLER, J .  Physiol., in press.  
s H .  KOENIG, R. MYLROIE, D. GAINES, R. GRAY, a n d  T. McDONALD, 

Neurology, J5 289 (1965). 
C. DE Dave and I. T. HAYASHI, Subcellular Particles (Ronald 
Press, New York 1959L p. 128. 

5 C. DE DUVE, Lysosomes (Churchill, London 1963), p. 1. 
60.  ERXNKd, Acta anat. 15, Suppl. 17 (1952). 
7 R. E. COUPLAND, The Natural History ol the Chromaffin Cell 

(Longmaus, London 1965), p. 20. 
s G. GOMORI, Microscopic Histochemistry (University of Chicago 

Press, Chicago 1952),.p. 189. 
0 S. J. HOLT and R. M. HICKS, J. biophys, biochem. Cytol. aT, 47 

(1961). 
m E. ESSNER and A. B, NOVIKOFY, J. biophys, bioehem. Cytol. 9, 

773 (1961). 



15. III. 1966 Specialia 143 

Fig. 1. Photomicrograph showing the granular localization of acid 
phosphatase in the cells of the adrenal medulla. The scale indicates 

10/~. 

Fig. 3. Electron micrograph of a tissue section demonstrating acid 
phosphatase. Large granular deposits of lead phosphate (arrowed) 
are present in the lysosolne. Occasional non-specific (NS) deposits of 
lead also occur. This section was not stained {ef. Figure 4). The scale 

indicates 0.1/~. 

Fig. 2. Electron micrograph of part of adrenal medulla cell. Note the 
lysosome (L) surrounded by smaller ehromaffin granules (CG). The 

scale indicates 0.1/~. 

Fig. 4. Electron micrograph of a tissue section incubated for acid 
phosphatase, and further stained to increase the contrast. The 

reaction product in the lysosome is clearly visible. 

appl ied to chromaff in  cells (Figures 3 and  4) electron-  
dense deposi ts  of lead p h o s p h a t e  were found in the  poly- 
morphic  bodies descr ibed above. The po lymorph ic  bodies 
were ent i re ly  free f rom lead deposi t  in e i ther  t ype  of 
control .  

Some slight e lec t ron-dense  deposi ts  were seen in o the r  
pa r t s  of the  cell wi th  b o t h  exper imen ta l  and control  incu- 
ba t ed  tissues. These deposi ts  were associated wi th  myel in  
figures (which were only  seen af ter  incubat ion)  or wi th  
m e m b r a n o u s  e lements  in the  cytoplasm.  I t  seems likely 
t h a t  these  deposi ts  r epresen t  non-specif ic  adsorp t ion  of 
lead ions. 

H i s tochemis t ry  t hus  d e m o n s t r a t e s  t h a t  the  po lymor -  
phic bodies  seen wi th  the  e lectron microscope con ta in  
acid phospha tase ,  and  therefore  fulfil b o t h  the  morpho-  
logical and  one of the  biochemical  cr i ter ia  of lysosomes.  
No reac t ion  p roduc t  was seen in chromaff in  granules  
under  the  condi t ions  of our exper iments ,  a f inding which  
differs f rom t h a t  of HILLARP and  FALCK 11 in the i r  ear ly  

11 N.-A. HILLARP and B. FALCK, Acta endocr., Copenhagen 22, 95 
(1956). 
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b iochemica l  s tudies .  COUPLAND 12 sugges ted  t h a t  e lec t ron-  
dense  bod ies  in r a t  ad r ena l  medu l l a  (which m o r p h o -  
logical ly resemble  those  seen in our  micrographs)  were 
lysosomes.  Our  b iochemica l  work  a n d  h i s tochemica l  
s tud ies  w i t h  the  e lec t ron  microscope conf i rm the  in te r -  
p r e t a t i o n  t h a t  in  t he  ad rena l  medu l l a  t he re  are th ree  dis- 
t i n c t  cell organel les :  mi tochondr i a ,  c h r o m a f f i n  granules  
a n d  lysosomes.  

Zusammen/assung. Die G o m o r i - R e a k t i o n  ftir saure  
P h o s p h a t a s e  wurde  a n  N e b e n n i e r e n m a r k s c h n i t t e n  v o n  
R i n d e r n  durchgef t ih r t .  I h r e  e l ek t ronenmikroskop i sche  
U n t e r s u c h u n g  e rgab  die Loka l i s i e rung  der  E n z y m a k t i v i -  

t ~ t  in  den  Lysosomen .  Chromaf f ine  G r a n u l a  und  Mito-  
c h o n d r i e n  ze ig ten  ke ine  Ak t iv i t~ t .  
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Changes of Chromosome Number  in Cells of 
Drosophila melanogaster C u l t u r e d  i n  v i t r o  

I t  is well  k n o w n  f rom inves t iga t ions  on  m a m m a l i a n  
ch romosomes  t h a t  t h e  k a r y o t y p e  of d ip lo id  cells cu l tu red  
in  v i t ro  t ends  to become  he te rop lo id  as the  cu l tu re  ages 
(Hsu  and  MOORHEAD 1,~). T he  occur rence  of he t e r op lo idy  
m a y  be  r e l a t ed  to t he  o t h e r  changes  in the  growing cells 
as t h e y  become  a d a p t e d  to  t he  ar t i f ic ia l  cond i t ions  of t he  
cul ture .  Obvious ly ,  such  v a r i a b i l i t y  in  ch romosome  n u m -  
be r  is a ser ious l im i t a t i on  to genet ica l  ana lys i s  of cu l tu red  
cells, because  s t a b i l i t y  of t h e  k a r y o t y p e  is a p re requ i s i t e  
for such  s tud ies  (DE CARLI, MAIn, Nuzzo ,  a n d  BENERE- 
CETTI 3). 

Two h y p o t h e s e s  h a v e  b e e n  proposed  to expla in  t h e  
changes  of c h r o m o s o m e  n u m b e r  t h a t  occur  ill cu l tu red  
cells (WEsTWOOD a n d  TITMUSS 4, RUDDLE, BERMAN, a n d  
STULBERGS): (a) he t e rop lo idy  m a y  resu l t  f rom non-  
d i s junc t ions  and  o t h e r  mi to t i c  abnormal i t i e s ,  or (b) 
he t e rop lo idy  m a y  be a s econda ry  p h e n o m e n o n ,  cons is t ing  
of losses of i nd iv idua l  ch romosomes  fo l lowing a p r i m a r y  
occurrence  of polyploidy.  

Since i t  is d i f f icul t  in  m a m m a l i a n  cells to  i den t i fy  all  
c h r o m o s o m e  pai rs  u nam bi guous l y ,  no def in i te  choice be-  
tween  these  a l t e r n a t i v e s  can  be  m a d e  as yet .  

Cells of Drosophila melanogaster could be  f avourab le  
m a t e r i a l  for s t u d y i n g  v a r i a t i o n s  in ka ryo type ,  since the  
iden t i f i ca t ion  of each  of the  4 c h r o m o s o m e  pa i r s  is easy. 
A l t h o u g h  a t t e m p t s  to  o b t a i n  d iv id ing  cells of Drosophila 
in v i t ro  h a v e  been  largely  unsuccessful  for m a n y  years ,  
t he re  is now an  exce l len t  t e c h n i q u e  for cu l t u r i ng  em- 
[ r y o n i c  cells wh ich  con t inue  to  grow and  d iv ide  a t  a h igh  
ra t e  for long per iods  of t i m e  (HORIKAWA and  Fox~).  The  
d a t a  on  v a r i a t i o n s  of c h r o m o s o m e  n u m b e r  of cu l tu red  
cells of th i s  insect ,  however ,  are st i l l  scanty .  

The  t e c h n i q u e  used in th i s  s t u d y  was t h a t  of I-IORIKAWA 
a n d  F o x  s. Eggs of t he  Varese  wild s t r a in  la id  ove r  a 
per iod  of 6 h were used for o b t a i n i n g  t he  e m b r y o n i c  
cells. These  were p laced  in H-5 m e d i u m  s u p p l e m e n t e d  
w i t h  10% new-bo rn  calf serum,  and  cu l tu red  a t  30 ~ The  
c h r o m o s o m e  ana lyses  were m a d e  on  squashes  p r epa red  
12, 18, 21, 24, 48, 72, 96 a n d  120 h a f t e r  the  cu l tu res  were 
begun.  The  cells f rom each  cu l ture  were p r e t r e a t e d  in a n  
h y p o t o n i c  so lu t ion  of 1% s o d i u m  c i t r a t e  for 10 min,  t h e n  
s t a ined  in aceto- lac t ic  orcein (OsTER a n d  BALABAN 7) for  
25-30 rain.  Chromosome  coun t s  were m a d e  on  m e t a -  
phases ;  on ly  those  wh ich  could be d r a w n  u n a m b i g u o u s l y  
h a v e  been  considered.  

One to  four  cu l tu res  were m a d e  for each  t i m e  in te rva l ,  
and  because  of the  h o m o g e n e i t y  of resu l t s  f rom repl ica tes  

t he  d a t a  o b t a i n e d  h a v e  been  pooled (Table). I n  a n y  case 
the  n u m b e r  of cells ana lysed  is more  i m p o r t a n t  t h a n  t he  
n u m b e r  of cul tures ,  since each  cu l tu re  con ta ins  cells de- 
r ived  f rom 2000-3000 eggs. I n  t he  f i rs t  ana lys is  (12 h), 
some he te rop lo id  cells (11.9%) are a l r eady  p r e sen t  in  t he  
cul ture .  The  f r equency  of he te rop lo id  cells increases  to  
29.7% a t  18 h, b u t  no t e t r ap lo id  cells were found.  This  
va lue  r ema ins  nea r ly  c o n s t a n t  for 48 h. D u r i n g  the  in te r -  
va l  be tween  48 a n d  72 h, t he  pe rcen t age  of he t e rop lo idy  
increases  to  78.5% a n d  t h e n  r e m a i n s  p rac t i ca l ly  s tab le  
u n t i l  120 h (Figure 1). Po lyplo id  cells were v i r t u a l l y  ab- 
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Fig. 1. Changes in percentage of abnormal metaphases of embryonic 
cultured cells at different stages of culture. 
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