
1116 Specialia EXPERIENTIA 25/i0 

The Gytochemistry of Some Enzyme Activities in Stellaria media Embryos 

Several enzymes are known to be important  to the 
growth and differentiation of ceils in both plants and 
animals i-3. Among the enzymes of consequence in plants 
are alkaline phosphatase*, acid phosphatase 5, ~, and cyto- 
chrome oxidase 7 We have shown that  these enzymes are 
also important during the early stages of tissue differen- 
tiation in embryos of Stellaria media (L.) Cyrill. The 
developmental morphology of S. m e d i a  has been docu- 
mented s and its topological cytochemistry has been 
studied 9. 

Materials  a~d methods. All tests were performed on 
freshly dissected heart-shaped embryos of S. media 
5-6 days after fertilization. Alkaline phosphatase was 
demonstrated using the Gomori cobalt sulfide method 10, 
acid phosphatase using the lead sulfide procedure 5, and 
cytochrome oxidas~ with the Nadi reaction 11. 

Controls for the alkaline and acid phosphatase localiza- 
tions consisted of embryos of similar sizes and develop- 
mental stages incubated in reaction media lacking the 
appropriate substrate (sodium glycerophosphate in the 
case of acid phosphatase and adenosine-3-phosphate in 
the case of alkaline phosphatase). Controls for tyro- 
chrome oxidase were embryos of similar size and develop- 
ment  incubated in a complete reaction medium plus 
0.0053~ sodium azide. All controls were negatiye. 

Results  a~d discussion. Acid phosphatase activity in 
the suspensor was minimal when compared with the 
embryo proper (Figure 1). Within the embryo most of 
the enzyme activity occurred in the protoderm cells. 
However, those celia which form the embryonic root 
cap, the 'hypophysis', showed no acid phosphatase 
activity. I t  appeared that  this enzyme was active in only 
those protoderm ceils which differentiate into adult 
epidermal tissues but  not in those which form the root 
cap. Chemically this enzyme has been shown to mediate 

the transfer of phosphate esters, and it has been demon- 
strated in a wide variety of differentiating tissues including 
regenerating urodele limbs a and Phleum root meristems 1~. 
AVERS has found it to be associated with the mitochon- 
drial, ribosomal and Golgi fractions of the meristem ceils. 

Alkaline phosphatase and cytochrome oxidase were 
active throughout the developing embryo and its suspen- 
sor. Alkaline phosphatase was apparent in the 3 primary 
meristematic tissues (protoderm, ground meristem and 
procambium) as well as the cytoplasmic proteinoplasts 
of the suspensor cells (Figure 2). Cytochrome oxidase was 
similar in its distribution (Figure 3) except in the suspen- 
sor cell cytoplasm where it was not associated with the 
proteinoplasts (compare inserts in Figures 2 and 3). The 
restriction of alkaline phosphatase to the proteinoplasts 
corresponded with the presence of rich lipoprotein 
deposits in these s t ructures t  I t  evidently was involved 
with the hydrolysis and transfer of phosphate ester bonds 
associated with the lipoprotein complexes, This would 
help to explain the formation of the proteinoplasts during 
the first 5 days after fertilization and their subsequent 
immolation during cotyledon formation. 

Cytochrome oxidase is one of the enzymes associated 
with the cytochrome electron transport system which 
is so important  to cellular respiration and the generation 
of ATP. As such, its presence was a sure indicator of 
mitochondria and a high rate of metabolic activity, 

The, function of the suspensor has been in dispute since 
E, C. J~FREY suggested in the late 19th Century that  
it merely pushed the embryo deeper into the prothalliM 
tissue. This idea has been cited as recently as 1950 by 
MAH~SHWARI la who stated, ' . . , i n  the majority of angio- 
sperms the suspensor has no special function except that  
of pushing the embryo into the endosperm, where it is 
surrounded by cells containing abundant  food mate- 

Fig. I. Embryo with attached suspensor, 5-6 
days after fertilization, treated to show acid 
phosphatase activity. Note the dark staining 
cells of the protoderm layer and the lack of 
enzyme activity in the suspensor, the interior 
cells of the embryo, and the 'hypophysis' 
(arrow). Line indicates i00 M. 

Fig, 2. Same stage embryo illustrating alka- 
line phosphatase activity. Note the concen- 
tration of the enzyme uniformly throughout 
the embryonic cells but only in the proteino- 
plasts of the suspensor. Insert is an enlarge- 
ment of the basal suspensor eell eytoplaslr 
showing enzyme activity associated with th~ 
proteinoplasts. Line indicates I0 ~• 
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rials ' .  WARDLAW 14 does no t  agree wi th  a pure ly  mechan i -  
cal func t ion  for the  suspensor,  and  suggests  t h a t  it  has  
a physiological  role in embryogeny .  HACclUs '15 work 
wi th  t issue cul ture  embryos  suppor t s  the  idea t h a t  i t  has  

a physiological  role in the  fo rma t ion  of the  growing embryo.  
The evidence f rom topological  h is tochemicaI  s tudies  on 
S. media9 and f rom the  cu r ren t  enzyme  s tudies  also sup- 
por t s  VV'aRDLAW'S premise  t h a t  the  suspensor  has  a 
b iochemical-physiological  funct ion.  

Zusammen/assung.  Zytochemischer  Nachweis  der  alka- 
l ischen und  und  sauren  Phospha tase ,  sowie der  zy tochro-  
mischen  Oxydase  in den herzf6rmigen  E m b r y o n e n  der  
Diko ty ledon  Stellaria media. Die F e r m e n t e  erwiesen sich 
als wicht ig  fiir normales  .Wachs tum und  die Differenzie-  
rung  der  E m b r y o n e n .  

H. N. PRITCItARD and  K. A. BERGSTRESSER 16 

Department o/Biology,  Lehigh University, 
Bethlehem (Pennsylvania 18015, USA) ,  12 M a y  1969. 

Fig. 3. 5-6-day-old embryo treated to illustrate cytochrome oxidase 
activity. Note the presence of activity in all the embryonic cells 
with concentrations in the developing regions of the cotyledons, the 
root meristem and the proearnbial strands. Some activity can also be 
seen in the suspensor. Insert shows an enlargement of the basal 
suspensor cell cytoplasm in which the cytoehrome oxidase activity is 
seen not to be associated with the proteinoplasts, but instead is 
found in the matrix around these plastids, Line indicates 10 ~z. 
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Influence of Curvularia Infection of the Free and Bound Amino Acid Composit ion of Orange (Citrus 
aurantium L.) Fruits 

Curvularia lunata (~Vakker) Boedi jn  is a ve ry  i m p o r t a n t  
p a t h o g e n  of o r a n g e  (Citrus aurantium Christm.)  fruits�9 
The fungus  causes severe r o t t i ng  of oranges  dur ing  the  
p o s t - h a r v e s t  phase.  No a t t e m p t  has so far  been m a d e  to 
s t u d y  the  changes  in t he  free and bound  amino  acid 
compos i t ion  of the  orange frui ts  b rough t  abou t  by  the  
infect ion of the  fungus.  Considering i t  as an i m p o r t a n t  
con t r ibu t ion  to  our  p resen t  knowledge of th is  aspect ,  an 
a t t e m p t  was made  to  inves t iga te  it. 

J u s t  r ipe frui ts  of same  age were inocula ted  wi th  Cur- 
vularia lunate and  were  incuba ted  at  25zL 1~ for 15 
days.  E x t r a c t s  of i g each of hea l t hy  and  diseased 
t issues were p repa red  separa te ly  w i th  25 ml  of 80% 
ethanol .  They  were f i l tered and  evapora ted  to dryness .  
The residues lef t  a f te r  evapora t ion  were dissolved each 
in 1 ml  of 20% e thanol  and  were cent r i fuged a t  2000 r p m  
for 30 rain. The  clear s u p e r n a t a n t  l iquid was decan ted  
and  used for analysis  of free amino  acids. 

In  order  to  release tile bound  amino  acids, the  alcohol 
ex t r ac t ed  residues left  on the  fi l ter  papers  and the  col- 
loidal  p ro te in  se t t led  in t he  centr i fuge tubes  were com- 
bined and  hydro lyzed  wi th  the  help  of 6 N  I-IC1 a t  15 lb. 

pressure  for 30 min.  A p inch  of s tanous  chloride (SnC12) 
was added  to  avoid h u m i n  format ion .  The hydro lyzed  
residues were f i l tered t h ro u g h  buchne r  funnels  and the  
hydro lysa te s  were ad jus ted  to 1 ml  in each case. They  
were subsequen t ly  cent r i fuged and used for t he  analysis  
of t he  bound  amino  acids. 

For  comple te  resolu t ion  of diverse amino  acids, two-  
d imens ional  ascending  ch roma tograph ic  t echn ique  de- 
scr ibed b y  CONSDON et  al. 1 was followed. Ad jus t ed  con- 
cen t ra t ions  of t he  soluble and  insoluble f ract ions  of dif- 
fe rent  types  of t issues were s p o t t ed  on W h a t m a n  No. 1 
f i l ter  paper  (28 • 28 cm). PARTRIDGe'S 2 solvent ,  as mod-  
ified b y  FOWD~N ~, i.e. phen01-ammonia-wate r  (80 : 3 : 20, 
V/V) was used as the  f i rs t  runn ing  so lvent  and  n -bu tano l -  
acetic ac id-water  (4:1:5,  V/V) as the  second one. The 
ch ro ma t o g rams  were sprayed  wi th  0 . 1 ~  mix tu re  of nin-  
h y d r i n  ( indane- t r ione  hydra te )  in n -bu tano l  (W/V). They  
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