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der  E n d p h a s e  a b s t e r b e n d e  E m b r y o n e n  den  Tod  des 
M u t t e r t i e r e s  bed ingen .  A u s s e r d e m  en twicke ln  sich im 
0 v a r  zah l re iche  g r a m n e g a t i v e  Bak te r i en ,  ffir die die 
schleimige,  mucopo lysaccha r idha l f i ge  0var ia l f l i i s s igke i t  2 
eiii g i ins t iger  Nh~hrboden zu seiii schein t .  I n t e r e s s a n t  ist, 
wie wel t  die Bak te r i e i i  zu d en  Eize l len  vo rd r ingen .  J ede  
Oocyte  is t  u m g e b e n  v o n  e iner  R i i i d en s ch i ch t  (Cortex;  
Figur) .  D a r a u f  folgen n a c h  aussen3,4:  pe r ioocy t~re r  
I n t e r ze l l u l a r r au m,  Fol l ike lepi thel ,  B a s a l m e m b r a n ,  T h e c a  
folliculi  u n d  wei teres  Bindegewebe .  Das  B indegewebe  i s t  
s t a r k  v a s k u l a r i s i e r t  u n d  y o n  e rw e i t e r t en  In t e rze l lu l a r -  
r ~ u m e n  durchse t z t .  I n  diesen fliissigkeitserffillt.:-.n IR-~umeii 
dringeI1 die B a k t e r i e n  vor,  u n d  zwar  bis  a n  die B a s a l -  
m e m b r a n .  Diese fung i e r t  also n i c h t  n u r  als Ul t ra f i l t e r ,  
s o n d e rn  a u c h  als Bak t e r i en -Ba r r i e r e .  B a k t e r i e n  e rzeugen  
zahl re iche  F i s c h k r a n k h e i t e n  5, ~. I h r  E inf luss  auI  d en  Ver-  
l auf  de r  Oogenese bei Zoarces i s t  n n b e k a n n t .  Bei  freile- 
b e n d e n  T ie ren  w u r d e n  sie b i she r  n i c h t  b e o b a c h t e t .  

Dtinnschnitt durch die peripheren Teile der Eizelle und die umge- 
benden Follikelsehichten. Zoarces viviparus, f~, 13 cm (Nr. 114; 
fixiert am 14.11.68. Glutaraldehyd, Vestopal W). 1. Oocytoplasma; 
2. Cortex; 3. Follikelepithel; 4. Basallamelle; 5. Theca follicnli mit 
zahlreichen Bakterien in den Interzellularr~iumen; 6. Bindegewebe. 

1 Der Deutsehen Forsehungsgemeinschaft danke ich ffir die F6rde- 
rung der Arbeiten, Herrn Prof. Dr. P. GIESBRECHT, Berlin, ffir 
Beratung. 
I. WEC~MANN und K. J. G6TTING, Z. Zeliforsch. 119, 405 (1971). 

3 K. J. GhTTING, lV[ieron, Lond. l, 356 (1970); 
K. J. GhTTI~G, VIII. Int. Congr. Electron Mierose. (Canberra) 2, 
668 (1974). 

5 W. SCHAPERCLAUS, Fischkrankheiten (Akadenlie-Verlag, Berlin 
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Summary. The  a c t i v i t y  of a n  es terase  is assoc ia ted  w i t h  t h e  ge rmina l  pore  f o r m a t i o n  of t h e  pol len  gra ins  of bar ley.  
Cy tochemica l  ev idence  is g i v e n  t h a t  t h e  e n z y m e  is capab le  of h y d r o l y z i n g  sporopol lenin .  Some s t a in ing  m e t h o d s  new 
to  pa lynologica l  s tud ies  were  in t roduced .  

Normal ly ,  t h e  pol len gra ins  of t h e  g r aminaceous  species 
ca r ry  one round  ge rmina l  ape r tu re ,  pore  (Figure 1), t h e  
d e v e l o p m e n t  of w h i c h  was r e c e n t l y  descr ibed  2. The  ma le  
ster i le  ba r l ey  m u t a n t ,  msg6c[, was shown  to  p roduce  
i n a p e r t u r a t e  pol len  a. The  cy tochemica l  s tud ies  of t h e  
m u t a n t  and  n o n - m u t a n t  microspores  revealekt d i f fe ren t  
si tes of es terase  ac t iv i ty .  One of t h e m ,  surface  esterase,  
a p p e a r e d  in t h e  p r i m e x i n e  a n d  t h e n  c o n t i n u e d  in t h e  
exine a l m o s t  t h r o u g h  t h e  en t i re  per iod  of ex ine  growth .  
A n o t h e r  was local ized on  t he  unders ide  of t he  a p e r t u r e  
region. This  e n z y m e  h a s  been  cha rac t e r i zed  as la te  pora l  
esterase.  These  enzymes  will be  discussed be low in con-  
nex ion  w i t h  some new s t a in ing  m e t h o d s  deve loped  
du r ing  t he  s tudy .  

Methods. N a p t h o l  es ters  were m o s t l y  used as s u b s t r a t e s  
for unf ixed,  f rozen sec t ions  (Table).  The  cy toenzymolog i -  
cal m e t h o d  t o o k  a d v a i i t a g e  of t he  s i m u l t a n e o u s  coupl ing  
m e t h o d  w i t h  f resh ly  m a d e  H P R ,  h e x a z o t a t e  of pa ra -  
rosani l ine  (p, p', p" - t r i amino  p h e n y l m e t h y l e n e  HC1) as t h e  

coupler4, ~. Cytological  s l a in ings  were pe r fo rmed  w i t h  
un f ixed  frozen sections.  F a s t  b lue  B sa l t  ( t e t razo t ized  
o-dianis idine)  was  appl ied  as a f i l tered solut ion,  concen-  
t r a t i o n  be low 0.5% in 0.2 M p h o s p h a t e  buffer ,  a t  t h e  
f ina l  p H  8.0. F r e s h l y  m a d e  d i a z o t a t e  of p -n i t roan i l i ne  
was  appl ied  w i t h  t h e  same  m e t h o d  as H P R ,  b u t  a t  a 
c o n c e n t r a t i o n  3 t imes  h igher ,  viz. 15 m M .  

1 Dr. J. R. ROWLEY is thanked for suggestions to the MS. The work 
was supported by the Finnish Academy and by a grant from the 
Eemil Aaltosen S~i~[ti6 Foundation, and from the Finnish Academy 
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Es~erase activity during the later half of YSP examined with different substrates 

EXPERIENTIA 32/2 

Substrate and method of application Incubation time (min) Esterase activity 

At pore In cytoplasm of tapetum cells 

1-Naphthyl acetate, Ac 
1-Naphthyl acetate, Tgch 
2-Naphthyl acetate, Ae 
Naphthol AS-D acetate, Ac 
5-Bromoindoxyl acetate, ethanol 
1-Naphthyl propionate, Ae 
1-NaphthyI propionate, Tgeh 
1-Naphthyl butyrate, Ae 
1-Naphthyi butyrate, Tgch 
1 - N a p h t h y l  valerate, Ac 
l-Naphthyl caprylate, Ac 
Naphthol AS nonanoate, Ae 
Naphthol AS nonanoate, Tgch 
Naphthol AS nonanoate, dimethyl acetamide 
i-Naphthyl lanrate, Ae 
1- or 2-NaphthyI palmitate, Tgcb 

10 
10 
10 
20-30 
30 
10 
10 
20 
20 
30 
30 
30 
30 
30 
60 
60 

+ + +  + + +  
+ + +  + + +  
+ +  + +  
+ + 
+ + 
+ +  + +  
+ +  + +  

(+) + 

- -  + 

The activity was assessed from the cytological preparations processed by the simultaneous coupling method with HPR. The 'Naphthyl' sub- 
strates were applied in the equimolar amount (13 raM). The incubation solution had the final pH 7.7, except for naphthol AS-D acetate, 
5-bromoindoxyl acetate, and naphthol AS nonanoate, the methods of which were given ill detail formerly 4. The substrates were usually 
dissolved in acetone (At), or dispersed with sodium tauroglycoehoIate (Tgeh). All the substrates were purchased from Sigma Chemical Co. 
The strongest staining is indicated by + + + ,  fainter shades by + +,  + or (+), and preparations indistinguishable from the control, by --. 
The control sections were run omitting the substrate. The indication marks can be taken as rough estimates of esterase activity, especially 
those processed with the 'Naphthyl' esters as the substrate. 

Results and discussion. The  r edd i sh -b rown  azo dye  
f inal  p r o d u c t  b y  t he  s tud ied  enzymes  could be d is t in -  
gu ished  f rom t h e  yellow s t a in ing  of t he  exine  w i t h  
hexazo t i zed  para rosan i l ine .  Th i s  s t a in ing  is obse rvab le  
d u r i n g  a per iod  referred to  yel low s t a in ing  per iod  (YSP).  
Y S P  s t a r t s  soon a f te r  t he  release of t h e  microspores  f rom 
the  callose wall. Before  t he  s t a r t  of YSP ,  t he re  is no  
ev idence  of a n  exine  c o n t a i n i n g  sporopol lenin ,  Y S P  ab-  
r u p t l y  s tops  w h e n  t he  exine  becomes  two- l aye red  w i t h  
r e c t u m  and  foot - layer  and  develops  t he  relief t yp i ca l  of 
t he  m a t u r e  pollen surface.  Thus ,  Y S P  covers  t he  g r o w t h  
per iod  of the  exine. 

La t e  pora l  es terase  appea r s  soon a f te r  t he  f i rs t  s ign of 
Y S P  as a n  inne r  l ame l l a t e  p a r t  of pore.  The  si te  of t h e  
e n z y m e  r ap id ly  e x p a n d s  to  t he  e x t e n t  of t h e  ape r tu r e  
region (Figure 2). F r o m  t he  side view, i t  seems to  occupy  
a t h i n  l ayer  j u s t  u n d e r  t he  annu l u s  and  t he  o p e r c u l u m  
as well  as t he  pore  be t w een  t h e m  (Figure 3). W i t h  t he  
T E M  studies ,  t h a t  s i te  appea r s  to  cons is t  of a g lobu la r  
a n d  m e m b r a n e o u s  s t r u c t u r e  (Figure 4). I t  seems t h a t  t h e  
es terase  is localized in t he  pore  p rope r  in  a pos i t ion  to 
a d m i t  sporopol len in  depos i t ing  there .  Consequent ly ,  t h e  
pore  i tself  does n o t  become  covered  (Figure 1). Sporo-  
pol lenin  is  cons idered  to  be  p roduced  b y  t he  t a p e t u m  4,6. 

W h e n  t r y i n g  d i f fe rent  me thods ,  i t  b e c a m e  ev iden t  
t h a t  t he  s t ruc tu re s  c o n t a i n i n g  sporopol lenin ,  viz. t h e  
exine, the  t a p e t u m  m e m b r a n e ,  a n d  t he  Ub i sch  bodies  
can  be  specif ical ly s t a ined  w i t h  F a s t  b lue  B salt .  The  
foot  layer  of t he  exine  of a m a t u r e  pol len gra in  s ta ins  
pink,  while  t he  t e c t u m  is paler,  p i n k  to  green ish  yel low 
af te r  a d e q u a t e  wash ing  in t a p  water .  The  difference is 
bes t  seen a t  t h e  pore  region,  where  t he  t h i c k e n e d  foot  
layer  of a n n u l u s  is d i s t i nc t ly  pink,  a n d  t h e  ope rcu lum of 
t h e  t e c t u m  colour. T he  d i f fe ren t  n a t u r e  of t he  layers  is 
also vis ible  w i t h  t he  f luorescence microscope in t he  
u n s t a i n e d  a n d  F a s t  blue B s t a ined  exines,  or those  
s t a ined  w i t h  d iazot ized  p -n i t roan i l ine  (see below). The  
U V - a b s o r p t i o n  of t he  r e c t u m  a n d  foot  layer  was  also 

found  to  be d i f fe ren t  in  some o t h e r  species v. The  s t ronge r  
s t a in ing  of t he  pore  si te  w i t h  F a s t  blue B is e v i d e n t  at ,  
or l i t t l e  af ter ,  t h e  a p p e a r a n c e  of la te  pora l  esterase.  The  
pore  p rope r  r ema ins  u n s t a i n e d  w i t h  F a s t  blue B, unl ike  
the  p r e p a r a t i o n s  processed for esterases.  A t h e r m a l  t r e a t -  
m e n t  (180~ for  6 h or longer) changes  t h e  exine to a 
form wh ich  is weak ly  s t a inab l e  w i t h  F a s t  b lue  B. 

Also all  t h e  o the r  d i azon ium sal ts  t e s t ed  dye  the  
spo ropo l l en in -con ta in ing  s t ruc tu res ,  a n d  are recom- 
m e n d e d  for pa lynologica l  s tudies .  One of t he  dyes  used 
was f resh ly  m a d e  d iazot ized  p -n i t roan i l ine ,  a dye ing  
r eagen t  of phenol ic  subs t ances  a n d  coumar in s  s. I t  was  
appl ied  a t  a c o n c e n t r a t i o n  3 t imes  h ighe r  t h a n  t h a t  used  
of H P R .  Therefore ,  t h e y  c o n t a i n e d  r o u g h l y  t he  same  
c o n c e n t r a t i o n  of azo groups.  The  s t a in ing  w i t h  d iazot ized  
p -n i t roan i l i ne  does n o t  revea l  t he  Y S P  ev iden t  w i t h  
HPR, b u t  dyes  t he  exine yel low a t  all  t h e  stages.  Thus ,  
t h e r e  is a change  in t he  exine a t  t he  end  of Y S P .  This  
change  is e v i d e n t l y  a p o l y m e r i z a t i o n  process,  r ende r ing  
t he  sporopol len in  in to  a s t a t e  n o t  a d m i t t i n g  t he  la rger  
a n d  more  compl ica ted  molecules  of H P R  a n y  longer,  b u t  
t he  sporopol len in  con t inues  to  a d m i t  t h e  smal le r  di- 
azot ized  p -n i t roan i l i ne  molecules  and  m a n y  o t h e r  t ypes  
of d i azo ta t e s  of a smal le r  molecu la r  size. The  po lymer iza -  
t ion  ha s  been  r ecen t l y  discussed 9. 

Accord ing  to BROOKS and  SHAW 1~ sporopol len in  is an  
ox ida t i ve  po lymer  of ca ro teno ids  a n d  ca ro teno id  esters.  
I t  con ta ins  a n d  can  p roduce  weak  phenol ic  acids 9,1~ 
Sporopol len in  is one of t h e  m o s t  r e s i s t an t  biogenic  sub-  

6 R. G. STANLEY and H. F. LINSKENS, Pollen, Biology, Biochemistry, 
Management (Springer-Verlag, Berlin, Heidelberg, New York 
1974). 
D. SOUT~WORTH, Grana palynol. 9, 5 (1969). 

8 C. F. VAN SUMERE, G. WOLF, H.  TEUCHY and J. KINT, J. Chromat. 
20, 48 (1965). 

9 j .  BROOKS and G. SHAW, in Problemy Palinologii (Izdatel'stvo 
Nauka, Moskva 1973), p. 80. 
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stances ,  s lowly degraded  b y  a few mic ro -o rgan i sms ;  b u t  
i t  has  been  sugges ted  t h a t  p l a n t s  lack enzymes  capab le  
of deg rad ing  sporopol len in  9. Changes  h a v e  been  descr ibed  
on  t h e  pol len  surface  w h e n  p laced  on  t he  s t i gmas  of some 
species~,~a. However ,  t he  d e g r a d a t i o n  of sporopol len in  
ha s  n o t  been  d e m o n s t r a t e d  so f a r ,  r a t h e r  t he  changes  can  
be  ascr ibed  to  t h e  release of p ro te in l ike  subs t ances  ~4. 

The  fol lowing p ic tu re  of t he  f o r m a t i o n  of ex ine  an d  
pore  was ou t l ined :  Y S P  is a s tage  of sporopol len in  de- 
pos i t ion  and  occurs  as an  u n h a r d e n e d  fo rm of t h e  exine. 
The  f i rs t  microspore  wall, t h e  p r imexine ,  of t he  gra-  
m inaceous  species is p ierced b y  cavit ies ,  probaeules .  These  
are rou tes  b y  w h i c h  t h e  p ro-sporopol len in  reaches  t h e  
growing  foot  layer.  A t r a n s p o r t  f unc t i on  for p robacu le s  
was also sugges ted  b y  FLYNN a n d  ROWLEyI~. The  si te  of 
t h e  p r i m e x i n e  is f ina l ly  d e t e c t a b l e  in  t he  m a t u r e  pol len 
of ba r l ey  as t he  a r caded  space b e t w e e n  t e c t u m  a n d  foot  
layer .  A t  t h e  pore, t he  m e m b r a n e  s t r u c t u r e  of l a te  pora l  
es terase  d i rec t ly  a d m i t s  t h e  depos i t ing  pro-sporopol len in .  

Fig. 1. A SEM view of the apertural site, where the annular thicken- 
ing is evident. An operculum is visible in the middle of the pore, 
which is otherwise devoid of the exine coating. • 3,330. 

Fig. 2. A top view of late poral esterase activity (the stained circle) 
seen with the light microscope approximately at the middle of YSP. 
The staining to the left indicates activity in the tapetum and the 
Ubisch bodies. The staining on the surface of the microspores sug- 
gests that the activity of surface esterase has a porous appearance. 
• 1,750. 

Fig. 3. A side view of a sectioned pore of an almost mature pollen 
grain processed for esterase. The activity of late poral esterase is 
evident in the thin layer on the underside of the pore region. • 1,750. 

Fig. 4. A TEM side view of annulus (a), operculum (o), and the pore 
proper between them. The globular and membraneous structure, 
the evident locality of late poral esterase, is distinguishable on the 
underside of the annulus and the opeculum, and the space between 
them (asterisked). The thickened annular foot layer has an irregular 
appearance. The rectum is more regular than the foot layer, except 
for the 0perculum, where the layers take very similar appearance. 
The core membrane~, ~ is visible in the annulus (arrows). The caves 
between the teetum and foot layer looks empty, but sparsely pierced 
by the baeules. Prepared as given elsewhere ~ of an almost mature 
pollen grain. • 25,500. 

T h a t  is h y d r o l y z e d  a n d  t r an s f e r r ed  to  below t h e  annulus ,  
be ing  respons ib le  for t h e  m u c h  t h i c k e r  a n n u l a r  foot  
layer  (Figure  4), wh ich  h a s  a d i f fe ren t  a p p e a r a n c e  f rom 
t h a t  of t h e  r ec tum.  

T h e  s t ronger  s t a i n a b i l i t y  of t h e  foot  l ayer  suggests  an  
increased  n u m b e r  of r eac t ive  si tes for t h e  dye ing  reagen t .  
Based  on th i s  d i f fe ren t ia l  s ta in ing ,  i t  seems t h a t  surface  
es terase  affects  t h e  sporopol lenin ,  wh ich  will c o n t r i b u t e  
to  t h e  foot  layer  all  over  t h e  pol len wall.  A t h e r m a l  de- 
h y d r a t i o n  of sporopol len in  has  been  po in t ed  o u t  is. Thus ,  
t h e  d i s appea rance  of t h e  s t a i n a b i l i t y  a f te r  t h e  t h e r m a l  
t r e a t m e n t  could be  due  t h e  d e h y d r a t i o n  of t h e  pheno l i c  
acids. 

The  func t i on  of la te  pora l  es terase  is essent ia l  for t he  
pore  fo rmat ion .  Un l ike  surface  es terase,  l a te  pora l  es terase  
r ema i n s  ac t ive  t h r o u g h o u t  t h e  pol len  m a t u r a t i o n ,  a n d  is 
de t ec t ab l e  even  in pol len gra ins  a t  an thes is .  I t  m i g h t  
h a v e  cu t inase  a c t i v i t y  a t  t h e  pol len  ge rmina t ion .  L a t e  
pora l  es terase  is usua l ly  de t ec t ab l e  also on  t h e  rnsggcf 
m u t a n t  pol len grains,  wh ich  seem to  be  devoid  of an  
a d e q u a t e  ear ly  pora l  o n t o g e n y  on  t h e  p r imexine .  The  
loca l iza t ion  of la te  pora l  es terase  seems to  be  conf ined  to  
t h e  s t r u c t u r e  u n d e r  t h e  a p e r t u r e  (Figure  4) a n d  is t h u s  
u n a b l e  to  r each  t h e  t e c t u m.  This  a p p a r e n t l y  accoun t s  for 
t h e  fac t  t h a t  t h e  m u t a n t  pol len  gra ins  s tud ied  usua l ly  
bore  an  i r regula r  foot  layer  an d  a n  una f fec t ed  r e c t u m  a t  
t h e  a p e r t u r a l  s i te  3, ~. 

L a t e  pora l  es terase  has  a h igh  a f f in i ty  t o w a r d s  t he  
s u b s t r a t e  1 - n a p h t h y l  ace ta te .  The  a f f in i ty  decreases  
w h e n  t h e  ca rboxy l  acid side cha in  of t h e  s u b s t r a t e  gets  
longer  (Table).  T h e  e n z y m e  c a n n o t  be  cons idered  to  pos-  
sess l ipase ac t iv i ty .  The  indigogenic  m e t h o d  w i t h  5- 
b r o m o i n d o x y l  a ce t a t e  4 revea led  on ly  cy top l a smic  es ter-  
ase. The  o p t i m u m  p H  of la te  pora l  es terase  lies b e t w e e n  
p H  6.5 a n d  8. T h e  e n z y m e  is s u b s t a n t i a l l y  i nac t ive  a t  
p H  5.0. None  of t h e  severa l  i nh ib i to r s  t e s t ed  was con-  
s idered to  af fec t  t h e  enzyme.  These  envo lved  n eo s t i g mi ne  
b romide ,  a p l a n t  cho l ines te rase  i n h i b i t o r  17. Chol ines te rase  
was expec t ed  to  be  p r e s en t  in pol len  6. 

Sporopol len in  con ta ins  c a r b o x y l  es ters  16. T h e  es terases  
discussed m u s t  be  capab le  of h y d r o l y z i n g  sporopol lenin ,  
or i ts  ea r ly  form,  pro-sporopol len in .  This  is sugges ted  b y  
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