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ABSTRACT

P r e f e r t i l i z a t i o n  and immediate p o s t f e r t i l i z a t i o n  development, 
as well  as f e r t i l i z a t i o n ,  in  the female reproduct ive  branch of  
Polysiphonia harveyi (Rhodomelaceae, Ceramiales) was documented f o r  
the f i r s t  t ime w i th  e lec t ron  microscopy. EM re s u l t s  pe r ta in ing  to  
p r e f e r t i 1 i z a t io n  morphology and development are cons is tan t  w i th  
those estab l ished e a r l i e r  in  l i g h t  microscopic s tud ies but several 
new u l t r a s t r u c t u r a l  c h a ra c te r i s t i c s  were discovered.

The mature carpogonium was found to have double membrane-bound 
vacuoles o f  nuclear o r ig i n  and the carpogonial nucleus was found to 
conta in a nucleolus w i th  a d i s t i n c t i v e  c r y s t a l l i n e  l a t t i c e .  Using 
a number o f  techniques, tr ichogynes were determined not to  have a 
separate nucleus. Of grea tes t  i n te r e s t  was the d iscovery  o f  a h igh ly  
s t ruc tu red  channel o f  SER which extends un in te r rup ted ,  except f o r  p i t  
connections, through the carpogonial branch to the support c e l l .  I t
i s  hypothesized th a t  the channel acts to conduct the message o f
f e r t i l i z a t i o n  from the carpogonium to  the support c e l l .  Very few 
observations were made on p o s t f e r t i l i z a t i o n  branches but evidence o f  
d i r e c t  fus ion  between the carpogonium and a u x i l i a r y  c e l l  was f a i r l y  
conclusive.

Special a t t e n t io n  was given to the types o f  p i t  connections and 
t h e i r  ro le  in  the development o f  the female reproduct ive  branch. The 
name fo r  the type o f  p i t  connection p rev ious ly  termed " t ra n s fe r
connection" has been changed to "abbreviated connect ion"  since the 
re su l ts  o f  t h i s  in v e s t ig a t io n  do not f u l l y  support e a r l i e r  repor ts  o f  
increased t ra n sp o r t  through these connect ions. Instead, abbreviated 
connections in  the procarp appear to be a preformed s t ru c tu ra l  weak
ness whose d i s in te g r a t i o n  al lows rap id  development o f  cytoplasmic 
c o n t i n u i t y  between c e l l s .
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INTRODUCTION

Development o f  a natura l  system o f  c l a s s i f i c a t i o n  f o r  the red 

algae is  complicated by the wide v a r ie ty  o f  morphological cha rac te r 

i s t i c s  and complex l i f e  h i s to r ie s  which they e x h ib i t .  Scagel (36) 

gives a succ inc t  review o f  the steps leading to the present taxonomic 

treatment which d iv ides  the Rhodophyta in to  two c lasses: Bangio-

phyceae and Florid iophyceae. The more advanced forms belong to  the 

l a t t e r  class and are d iv ided  in to  f i v e  orders according to  pre-  and 

p o s t - f e r t i l i z a t i o n  development o f  the female reproduct ive  branch.

Of the f i v e  orders ,  the Ceramiales is  not only  the most advanced 

but is  a lso the best de l im i ted  (36, 11, 7) . I t  i s  separated from the 

other orders on the basis o f  having the a u x i l i a r y  c e l l  formed a f t e r  

f e r t i l i z a t i o n  (11, 17). This order i s  composed o f  fou r  f a m i l ie s .

The members o f  the Rhodomelaceae, the la rg es t  and most h igh ly  evolved 

o f  the fou r  f a m i l i e s ,  adhere very c lo se ly  to a s ing le  l i n e  o f  female 

reproduct ive  development (36).

The present research was begun in order to  present an account o f  

female reproduct ive development in the Rhodomelaceae a t  the u l t r a -  

s t r u c tu ra l  l e v e l .  A number o f  l i g h t  microscopic s tudies have been 

conducted p rev ious ly  (46, 36, 17, 26), but t h i s  study is  the f i r s t  

u t i l i z i n g  the e lec t ron  microscope. Since female development is  

p ivo ta l  in systemat iz ing the higher red algae, i t  was f e l t  th a t  any
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in fo rmat ion  might l a t e r  be va luable in  f u r t h e r  taxonomic eva lua t ion .

In a d d i t io n ,  i t  was hoped th a t  a comparison o f  re s u l t s  from l i g h t  

microscopy w i th  those from e lec t ron  microscopy might answer some s t i l l  

debated questions.  I t  was also hoped tha t  the study might i l l u c i d a t e  

some o f  the mechanisms responsib le f o r  the developing morphology seen 

a t  both le v e ls .  Finding c h a ra c te r i s t i c s  a t  the u l t r a s t r u c t u r a l  leve l  

not d iscernable w i th  l i g h t  microscopy was a n t i c ip a te d ,  but the re s u l ts  

were s u rp r is ing  not on ly  because o f  the number o f  unique cha rac te r 

i s t i c s  exh ib i ted  by the female reproduct ive  branch but also by t h e i r  

poss ib le  s ig n i f ic a n c e .



MATERIALS AND METHODS

Specimens o f  Polysiphonia harveyi Ba i ley  were co l lec ted  from 

s u b l i t t o r a l  loca t ions  a t  Yorktown and Cape Charles, Va. Apices were 

immediately cu t  from the p la n t  and f ixe d  f o r  2 hrs in  3-4% g lu ta ra ld e -  

hyde in  0.1 M PO4 b u f fe r  a t  pH 6 . 6  w i th  osm o la r i ty  adjusted by ad d i t ion  

o f  sucrose. A f t e r  several b r i e f  b u f fe r  r in se s ,  the mater ia l  was post

f i xed  f o r  1 hr in  1% OSO4 , immersed overn ight  in a 70% acetone -  2% 

urynal acetate s o lu t io n  a t  4°C, then dehydrated in  acetone and embedded 

in Epon 812. To ensure c o r re c t  o r ie n ta t io n ,  the mater ia l  was embedded 

between te f lon -co a te d  glass s l id e s .  The desi red m ater ia l  was excised, 

glued to  a la rg e r  block o f  Epon, sectioned, sta ined w i th  lead c i t r a t e  

and photographed using a Zeiss EM 9S-2. Photomicrographs were taken 

w i th  a Zeiss Photomicroscope I I  equipped w i th  Normarski d i f f e r e n t i a l  

in te r fe rence  o p t ic s .

Mater ia l  f o r  SEM was f i x e d  as f o r  TEM through p o s t - f i x a t io n  in 

OSO4 a f t e r  which the mater ia l  was dehydrated in  e thanol ,  dr ied  w i th  a 

Polaron E 3000 c r i t i c a l  po in t  d rye r ,  coated w i th  carbon and g o ld -p a l -  

ladium, and examined w i th  an AMR 1000 SEM.

Mater ia l  f o r  f luorescence microscopy was sta ined w i th  mithramycin 

using the method ou t l ined  by Heath (16) and photographed w i th  a Zeiss 

Photomicroscope I I  equipped f o r  e p i f 1uorescence.
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RESULTS

Polys1phonia harveyi (F ig ,  1) is  a red alga common to the eastern 

coast o f  the United States. I t  belongs to the fa m i ly  Rhodomelaceae 

and, l i k e  o ther members o f  t h i s  fa m i ly ,  bears the female reproduct ive 

s t ruc tu res  on t r i c h o b l a s t s , spec ia l ized  branches o f  l im i te d  growth 

(F igs. 3, 4 ) .  Normally, t r i c h o b la s ts  are u n is e r ia te ,  but both the 

basal and suprabasal segment o f  a f e r t i l e  t r i c h o b la s t  produce per icen

t r a l  c e l l s .  There are always f i v e  p e r ic e n t ra ls  in the suprabasal 

segment regardless o f  the normal number in  the vegeta t ive axis o f  the 

p la n t .  The f i f t h  and l a s t  pe r icen t ra l  enlarges to become the repro 

duc t ive  i n i t i a l  (36, 17).

Subsequent growth and development of  the branch cons is ts  o f  a 

s p e c i f i c  ser ies o f  events which have been summarized in Chart I .  This 

char t  was synthesized from my own work and from e a r l i e r  l i g h t  m icro

scopic work (46, 36, 17). There has been very l i t t l e  disagreement con

cerning the sequencing o f  events p r io r  to f e r t i l i z a t i o n  although some 

p o s t f e r t i l i z a t i o n  events are in  question.

The p r e f e r t i l i z a t i o n  female branch (Diag. I )  in  the Rhodomelaceae 

is  character ized by a fo u r - c e l le d  carpogonial branch composed o f  three 

carpogonial branch c e l l s  (CBs) and a carpogonium (CP) w i th  an elongate 

extension, the t r ichogyne (TG) (F igs.  2, 9, 13). The TG is  the 

s t ru c tu re  which f i r s t  recieves the spermatium. The carpogonial branch

5
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is  borne on the f i f t h  p e r ice n t ra l  or  support c e l l  (SU) which also pro

duces two s t e r i l e  c e l l s  (STs), c e l l s  not d i r e c t l y  involved in  f e r t i l 

i z a t io n .

P r io r  to  f e r t i l i z a t i o n ,  the above s t ruc tu res  together are ca l led  a 

procarp. The procarp is  enclosed w i th in  the pe r ica rp ,  an urn-shaped 

o rgan iza t ion  of  c e l l s  formed from p e r ic e n t ra ls  f la n k ing  the SU and the 

abaxial p e r ic e n t ra ls  o f  the basal segment o f  the t r i c h o b la s t .

A f te r  f e r t i l i z a t i o n ,  the d ip lo id  nucleus o f  the CP d iv ides  m i t o t -  

i c a l l y ,  and the SU produces the a u x i l i a r y  c e l l  (AU) from i t s  a n te r io r  

end. One d ip lo id  nucleus is  passed to the AU which then produces the 

carposporophyte generation. The carpogonial branch w i th e rs ,  and the 

e n t i r e  remaining s t ru c tu re ,  inc lud ing  pe r ica rp ,  is  ca l led  a cystocarp.

Axia l  and Support Cel ls

F e r t i l e  ax ia l  c e l l s  (AX) have no c h a ra c te r i s t i c s  d iscernable by EM 

which d i s t in g u is h  them from vegeta t ive  ax ia l  c e l l s .  At m a tu r i t y ,  they 

are t y p i c a l l y  uninucleate and vacuolated w i th  moderately developed 

p la s t id s  and a normal compliment o f  o ther organel les (F igs .  8 , 26). 

Fol lowing f e r t i l i z a t i o n ,  the AX is  incorporated in to  the fus ion c e l l  

( 1 1 ) ,  but is  one o f  the l a s t  o f  the c e l l s  e x is t in g  p r i o r  to f e r t i l i z a t i o n  

to fuse (F ig .  38).

The cytoplasm and organel les o f  the SU are not d i s t i n c t i v e .  The

p la s t id s  o f  the SU are not f u l l y  developed, and the SU is  always u n i 

nucleate as opposed to the m u l t in uc lea te  cond i t ion  o f  vegeta t ive p e r i 

cen t ra ls  (F igs. 8 , 9, 26, 35). In a d d i t io n ,  the SU is  characte r ized by

the type o f  p i t  connection (PC) which Wetherbee has termed " t ra n s fe r

connect ion" (42, 43) but which w i l l  be ca l led  "abbreviated connection"
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in t h i s  paper since the term abbreviated impl ies on ly  a s t ru c tu ra l  

d i s s i m i l a r i t y  and not a fu c t io n .  The reasoning behind a change in 

terminology as wel l  as a d i s c r i p t i o n  o f  abbreviated connections w i l l  

come l a t e r  in  t h i s  paper. I t  should be noted, however, th a t  not a l l  o f  

the connections o f  the SU are abbrev iated, but t h i s ,  too ,  w i l l  be d i s 

cussed l a t e r .

Upon rec iev ing  from the CP an in d ic a t io n  th a t  f e r t i l i z a t i o n  has 

occured, the SU d iv ides  f o r  the l a s t  t ime to produce the AU. This c e l l  

i s  cu t  o f f  from the a n te r io r  end o f  the SU in to  the in te rven ing  space 

between the SU and CP (F ig. 35). A f te r  the AU has recieved the d ip lo id  

nucleus, fus ion  occurs between the AU and SU (F ig .  38). The re s u l t in g  

c e l l  i s  the i n i t i a l  o f  the large fus ion c e l l  which supports and 

nourishes the carposporophyte [See Wetherbee (43) f o r  f u r t h e r  i n f o r 

mation on carposporophyte development].

Pericarp

The Rhodomelaceae have what is  considered the most h igh ly  developed 

per icarp  o f  a l l  the fa m i l ie s  o f  red algae. The per icarp acts not only 

to p ro tec t  the developing procarp but a lso acts as an a s s im i la to ry  organ 

in l a t e r  developmental stages (36).  The per icarp begins development a t  

near ly  the same t ime as the procarp and completely covers the procarp at  

the t ime o f  f e r t i l i z a t i o n .  Pericarp development is  the r e s u l t  o f  apical  

growth o f  u n ia x ia l ,  adven t i t ious  branches which j o i n  by secondary PCs 

to form an envelope cons is t ing  o f  two halves which f i t  together much 

l i k e  the valves o f  a clam (11) (F igs. 3, 4 ) .  The per icarp  is  maintained 

a t  t h i s  stage o f  development u n t i l  f e r t i l i z a t i o n  occurs. At tha t  t ime, 

each c e l l  d iv ides  tw ice to  produce two outer ce l ls ..  The re s u l t in g
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s t ru c tu re  cons is ts  o f  two laye rs ,  the outer one con ta in ing  tw ice as 

many c e l l s  as the inner (36). The two valves fuse (11) leaving an 

opening, the o s t i o l e ,  through which the carpospores w i l l  even tua l ly  be 

released (F igs. 5, 6 ) .

U 1 t r a s t ru c tu ra l l y ,  per icarp  c e l l s  are ty p ic a l  o f  red algal  vege

t a t i v e  c e l l s :  p rop las t ids  and small vacuoles are found in  the newer

c e l l s  a t  the apices whereas la rg e r  vacuoles and mature p la s t id s  are 

present in o lder  c e l l s  where starch accumulat ion also appears greate r  

(Figs. 7, 35).

S t e r i l e  Cel ls

P r io r  to f e r t i l i z a t i o n ,  the f i r s t  l a te r a l  s t e r i l e  group (ST]) is  

composed o f  two c e l l s  and l i e s  in a plane p a ra l le l  w i th  the carpogonial 

branch whi le  the second or  basal s t e r i l e  group (ST2 ) i s  one-ce l led and 

l i e s  in f i l e  behind ST] (Diag. I ) .  A l l  three are u n d i f fe re n t ia te d  c e l l s  

w i th  few organel les and l i t t l e  starch accumulat ion (F ig. 11). Although 

somewhat la rg e r  than CBs, s u p e r f i c i a l l y  they appear s i m i l i a r  and are 

character ized by abbreviated connections, although the connections be

tween the c e l l s  o f  ST] are t y p i c a l l y  wider than those found elsewhere in 

the procarp (Fig. 11). No d i f fe rences  except c e l l  s ize could be de

tected between young and mature STs.

Soon a f t e r  f e r t i l i z a t i o n ,  each ST d iv ides  once. These d iv is io n s  

r e s u l t  in  a fo u r - c e l le d  la te ra l  group and a two-ce l led  basal group (F ig .  

12). Soon a f t e r  passage o f  the d ip lo id  nucleus to the AU, the PCs 

between each ST and between the STs and SU begin breaking down (F ig .  38). 

Later  developmental stages were not seen, but the l i t e r a t u r e  ind ica tes  

tha t  the STs even tua l ly  are incorporated in to  the fus ion c e l l  (46, 26).
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Trichogyne

The mature TG measures 30-50 urn a t  m a tu r i t y  although i t  may con

t inue  to  elongate i f  not f e r t i l i z e d  (Hommersand, personal communication). 

The TG is  2-3 urn wide, narrowing to a neck region o f  approximately 1 urn 

where i t  is  attached to  the CP. The cytoplasm o f  the mature TG contains 

randomly scat tered p ro p la s t id s ,  m itochondr ia , ER and a few dictyosomes 

(F igs.  9, 10). Some micro tubules were seen or ien ted p a ra l l e l  w i th  the 

lon g i tu d in a l  ax is o f  the TG, but they were few in  number and would 

seemingly not be able to  account f o r  producing or ma in ta in ing  the shape 

o f  the TG. TG r i g i d i t y  may r e s u l t  from a combination o f  the t h i c k  c e l l  

wal l  and the vacuoles located along the length o f  the TG. The number of  

vacuoles var ies cons iderab ly  w i th  the age o f  the TG. My l i g h t  m icro

scopic in v e s t ig a t io n s ,  as well  as EM analys is  o f  the youngest TGs I was 

able to  sec t ion ,  in d ic a te  th a t  young to  moderately developed TGs have 

few and small vacuoles (F ig .  2) .  These increase in  s ize w i th  age, 

o lde r  TGs becoming extremely vacuolated (F ig .  13).

The c e l l  wal l  o f  examined TGs was coated by a t h i c k ,  amorphous 

substance which decreased in  th ickness from the t i p  to  the base (F ig .  9) . 

In some specimens (F ig .  10), apparent exocytosis was observed tak ing 

place a t  the t i p ,  poss ib ly  in  response to f u r t h e r  growth or as an avenue 

f o r  release o f  the e x t r a c e l l u l a r  coat bel ieved to aid in  spermatium 

adherence.

A f te r  attachment o f  the spermatium (Fig, 4 ) ,  the wa l ls  between the 

spermatium and TG d is in t e g r a te ,  thereby a l low ing cytoplasmic c o n t in u i t y .  

The male pronucleus moves in to  the TG leaving a considerable amount of 

res idua l  cytoplasm in the spermatium (F ig .  17). The pronucleus is  

elongate and is  enclosed by a double membrane nuclear  envelope wi th



normal appearing nuclear pores (F ig .  18).

As the spermatial nucleus progresses down the TG, the cytoplasm 

behind the advancing pronucleus becomes disordered and less dense (F ig .  

17), a cond i t ion  p rev ious ly  reported from l i g h t  microscopic s tudies 

(46, 11). Soon a f t e r  the pronucleus passes in to  the CP, the TG abscises 

The progression o f  detachment was not c lea r  from previous l i g h t  micro

scopic s tudies (18, 11, 4) nor from my own EM work. Some specimens 

appeared to have a plug o f  mater ia l  sea l ing the TG from the CP (F ig .  19) 

and dictyosomes con ta in ing  an electron-dense substance, poss ib ly  the 

plug m a te r ia l ,  were seen in some o lder  TGs. Other TGs appeared to  be 

separating from t h e i r  CPs by vacuolar  expansion w i thou t  a p lu g - l i k e  

substance being present (F ig .  20). A f te r  detachment, the cytoplasm of 

the TG soon d e te r io ra te s  although the TG may be re ta ined fo r  a short 

time because o f  the c e l l  wal l  c o n t in u i t y  between the TG and CP.

Carpogoni urn

The carpogonial branch has a s l i g h t  curvature so tha t  the CP l i e s  

j u s t  forward o f  the SU and f u r t h e r  in to  the i n t e r i o r  o f  the per icarp 

than the CBs (Diag. I ) .  P r io r  to  f e r t i l i z a t i o n ,  the mature CP is  

approximately h a l f  the s ize o f  the CBs (13, 23). Increase in  cy to 

plasmic volume o f  a l l  fo u r  c e l l s  is  probably q u i te  s im i l a r ,  the d i s 

p a r i t y  in s ize between the CP and CBs being due to the fa c t  tha t  much 

o f  the cytoplasm o f  the CP is  contained w i th in  the s t ru c tu re  o f  the 

TG.

The major organel les o f  the CP cons is t  o f  p ro p la s t id s ,  dictyosomes, 

mitochondr ia and ER (F igs.  9, 23). The number o f  vacuoles in mature 

CBs, as in o lder  TGs, increases w i th  age. In o lder  c e l l s ,  these
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vacuoles may c o n s t i t u te  a t h i r d  o f  the cytoplasmic volume (F ig .  23).

In a d d i t io n  to these e le c t ro n - t ra n s lu c e n t  vacuoles, another type 

o f  vacuole is  sometimes seen in  the CP. I t  i s  characte r ized by a 

marbled, medium electron-dense mater ia l  surrounded by a double membrane 

(F ig .  13). In some cases, the membranes o f  these vacuoles are seen to 

be continuous w i th  the nuclear envelope (F ig .  14).

The CP nucleus is  very d i s t i n c t i v e .  I t  increases in  s ize  w i th  CP 

development and is  most o f ten  spher ica l  but can assume an elongate shape 

or on ocaasion be i r r e g u la r  or lobed (F ig .  13). The chromatin i s  gener

a l l y  more t h i n l y  dispersed than th a t  o f  other c e l l s  in the branch (F igs. 

13, 23), and the nucleolus is  s t r i k i n g l y  d i f f e r e n t .  In mature carpo- 

gonia, the bulk o f  nuc leo la r  mater ia l  is  present in the form o f  a c ry s 

t a l l i n e  l a t t i c e  w i th  a ce n te r - to -c e n te r  p e r i o d i c i t y  o f  22.5nm (F ig .  14). 

In some sec t ions ,  t h i s  array  is  seen as p a ra l le l  rods (F ig. 15); other 

planes o f  sec t ion ing  show th a t  the rods have hexagonal packing (F ig .  16). 

The c r y s t a l l i n e  l a t t i c e  is  not present in very young carpogonia but is  

always present in the nucleolus o f  the mature c e l l s .  I t  is  never found 

in  any other c e l l s  o f  the procarp or surrounding per icarp .

A f t e r  fus ion  o f  the p ronuc le i ,  the PCs between the CP and CBs d i s 

in te g ra te  (F ig .  35), and the CP enlarges in  s ize (F igs.  21, 22).

The route whereby the d ip lo id  nucleus o f  the CP is  t rans fe r red  to 

the AU has been a matter  o f  debate (46, 18, 36, 11, 17). My own l i g h t  

microscopic studies were inconc lus ive ,  but at  the EM le v e l ,  ra the r  con

v inc ing evidence o f  d i r e c t  fus ion  was twice observed (F igs. 19, 35). 

Frequent ly , a t  the l i g h t  microscopic l e v e l ,  s t ruc tu res  could be seen 

which appeared to be e i t h e r  small c e l l s  produced by the CP or poss ib ly  

extruded nucle i  surrounded by a th in  layer  o f  cytoplasm. At no time
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were these s t ruc tu re s  documented with.EM, but one CP, a lready abscised 

from the AU, had what appeared to be two nuc le i  in d i f f e r e n t  stages of  

d e te r io ra t io n  (F igs .  21, 22).

A f te r  the CP has passed a d ip lo id  nucleus to the AU, the CP sepa

ra tes from the AU. At t h i s  t ime the CP appears very e le c t r o n - t r a n s lu 

cent and already in  the process o f  d e te r io ra t io n  (F igs .  21, 22). Total 

d is in te g ra t io n  fo l lows  detachment.

Carpogonial Branch Cel ls

The carpogonial branch i n i t i a l  i s  produced by the SU j u s t  a f t e r  

formation o f  the i n i t i a l  o f  the l a t e r a l  s t e r i l e  group and soon d iv ides  

to produce a th re e -c e l le d  branch (F ig .  8 ).  At m a tu r i t y ,  the CBs l i e  in 

an arch above the SU, t h e i r  d i s ta l  sides ly in g  j u s t  beneath the o s t io le  

(Diag. I ) .

The cytoplasm o f  both young and near ly  mature c e l l s  is  dense w i th  

few and small vacuoles and no starch deposi ts (F ig .  8 ) .  The CBs increase 

in  s iz e ,  but the number o f  organel les remains p r o p o r t io n a l l y  the same ex

cept tha t  the number o f  dictyosomes appears to  dec l ine  w i th  maturat ion 

(F igs.  9, 13). At m a tu r i t y ,  a l l  three c e l l s  usua l ly  are b inuc lea te  and 

are the on ly c e l l s  o f  the procarp f o r  which t h i s  cond i t ion  is  normal.

The most outstanding c h a ra c te r i s t i c  o f  the mature branch is  a chan

nel o f  closely-meshed, tub u la r  SER (F igs .  23, 24, 25, 26). Ser ia l  sec

t ion s  show tha t  t h i s  channel extends un in te r rup ted ,  except f o r  PCs, from 

the CP to the SU. In young CBs, i t  is  f i r s t  seen as a dome-shaped zone 

o f  exclusion conta in ing SER abu t t ing  and p ro jec t in g  from the area o f  the 

PCs (F ig .  25). These dome-shaped areas appear to  grow toward each o ther ,  

f i n a l l y  coalescing to form the complete channel. In each o f  the CBs,
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the channel is  located in  the po r t ion  o f  the c e l l  proximal to  the SU. 

Frequently, numerous p rop la s t ids  and p a r t i c u l a r l y  mitochondr ia are l ine d  

up along i t s  length  (F ig .  25). The heavy concentra t ion o f  mitochondria 

may in d ica te  high energy demand due to  the product ion ,  maintenance or 

func t ion  o f  the channel.

I f  f e r t i l i z a t i o n  does not occur, the channel remains v i s i b l e  even 

during d i s in t e g r a t io n  o f  the CP (Fig.. 26). However, i f  f e r t i l i z a t i o n  

does occur,  the PCs o f  the carpogonial branch break down and, concom

i t a n t l y ,  the number o f  SER tubules in  the channel begins to decrease, 

f i n a l l y  disappear ing before complete d e te r io ra t io n  o f  the branch (F ig .  

35).

Cytoplasm and nucle i  appear to move from the CBs in to  the CP through 

openings l e f t  by the d isso lved PCs although much cytoplasm remains in the 

CBs. At t h i s  developmental stage, the nucle i o f  the CBs may be very 

large (F igs. 22, 36); l i g h t  microscopy o f  one cystocarp showed a nucleus 

wedged through the PC between CB2 and CB3 , streached across CB3 , and 

inser ted in to  the CP-CB^ p i t  aper tu re .

Very soon a f t e r  f e r t i l i z a t i o n ,  the CBs begin to w i th e r .  They 

abscise from the SU and do not become pa r t  o f  the fus ion c e l l .

A u x i l i a r y  Cell

The cytoplasmic appearance o f  the AU is  tha t  of  a young u n d i f fe re n 

t i a te d  c e l l  w i thou t  any d is t in g u is h in g  c h a ra c te r i s t i c s  (F ig .  35). The AU 

appears to receive the d ip lo id  nucleus from the CP by d i r e c t  fu s io n ,  but 

the fa te  o f  the haploid nucleus o f  the AU was undetermined.

A f te r  separation o f  the CP, the a n te r io r  end o f  the AU produces a 

gonimoblast mother c e l l  which, in t u rn ,  produces the f i r s t  gonimoblast



14

c e l l .  At t h i s  stage, the AU fuses w i th  the SU and the PCs between the 

STs and between the STs and the SU d is in te g ra te  (F ig .  38). This d i s 

in te g ra t io n  re s u l t s  in  the formation o f  a large fus ion  c e l l .

P i t  Connections

PCs found w i th in  the female branch o f  P_. harveyi f a l l  i n to  three 

categor ies :  ( 1 ) a standard or vegeta t ive  type,  ( 2 ) an abbreviated or

" t r a n s fe r "  type and (3) a "semi-standard" type, a combination o f  (1) and 

( 2 ).

The u l t r a s t r u c t u r e  o f  a standard or vegeta t ive  type p i t  (F ig .  27) 

cons is ts  o f  a cen tra l  core o f  un i fo rm ly  granu lar  m a te r ia l ,  p rev ious ly  

found to be prot ienac ious (35, 31). The core is  bounded on the cy to 

plasmic ends by a h ig h ly  e lectron-dense cap which is  ad jacent to an 

e le c t ro n - t ra n s lu c e n t  la y e r .  This la y e r ,  in  tu r n ,  is  bounded by a p i t  

membrane which seems to be s t r u c t u r a l l y  d i f f e r e n t  from the plasma mem

brane (29) but connected to and continuous w i th  the plasma membrane (33, 

29, 43). The plasma membrane borders the sides o f  the p i t s  adjacent to 

the c e l l  wa l ls  and is  continuous from c e l l  to c e l l .  This combination o f  

membranes makes the p i t ,  in  e f f e c t ,  e x t r a c e l l u la r  (42, 43).

There appear to be two types o f  abbreviated connections in  the pro

carp, one o f  which is  probably derived from the o ther .  One type is  found 

in  young procarp and vegeta t ive c e l l s  (F ig .  31) and is  the same type pre

v io u s ly  described by Wetherbee (42, 43). The other is  found in o lder  

procarp c e l l s  (F igs.  28, 30). Both are qu i te  d i s t i n c t  from standard con

nections. In both, the ends bordering the cytoplasm tend to be more con

vex than standard connections,  and t h e i r  core is  le n t ig in o us  or  thread

l i k e  ra the r  than granu la r .  Both types are bounded on the cytoplasmic
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ends by an electron-dense cap. The abbreviated connections described by 

Wetherbee and found during t h i s  i n v e s t ig a t io n  in  young procarp and vege

t a t i v e  c e l l s  have, in a d d i t io n ,  a second la y e r .  Adjacent to  the cap is  

an e le c t ro n - t ra n s lu c e n t  laye r  w i th  very f a i n t  pe r iod ic  s t r i a t i o n s  per

pendicular to the p i t  cap. There i s ,  however, no de tec tab le  p i t  mem

brane. The second type o f  abbreviated connection apparent ly  has ne i the r  

the t rans lucen t  laye r  nor the p i t  membrane, and i t  tends to f l a r e  more 

in to  the cytoplasm. In both, the plasma membrane is  continuous from 

c e l l  to  c e l l  and f lanks  the sides o f  the p i t .  The t e n ta t i v e  assumption, 

then, is  t h a t  abbreviated connections are i n t r a c e l l u l a r .

Abbreviated connections are found a t  junc tu res  in  the procarp as 

ind ica ted  in Diagram I I - A . They are present between very young CB c e l l s  

(F ig. 33). Although these very young connections are smaller and less 

bowed, they are morpho log ica l ly  abbreviated connections and never develop 

a p i t  membrane. However, the connections in  young vege ta t ive  c e l l s  which 

appear very s im i la r  to  abbreviated connections w i l l ,  during m atura t ion ,  

develop in to  standard PCs w i th  wel l-developed p i t  membranes. Figure 32 

shows a young vegeta t ive  branch which appears to  be the process o f  p ro

ducing a p i t  membrane from the outer  membrane o f  the nuclear  envelope.

The t h i r d  major type o f  PC found in the f e r t i l e  branch is  cha rac te r 

ized by having a standard type cap and associated s t ru c tu res  on one end 

and an abbreviated type cap on the other (F ig .  29). For ease o f  d iscus

s ion ,  I have ca l led  t h i s  a "semi-standard" PC although I am not imply ing 

by t h i s  nomenclature th a t  t h i s  type of  connection warrants an e n t i r e l y  

d i f f e r e n t  c l a s s i f i c a t i o n .  "Semi-standard" p i t s  are c o n c is te n t ly  found at 

the SU-AX and SU-CB-j junc tu res  (F igs.  25, 37).

At sexual m a tu r i t y ,  the PCs o f  the p r e f e r t i l i z a t i o n  female branch
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appear as in  Diagram I I - A . I f  f e r t i l i z a t i o n  does not occur,  a l l  PCs 

remain i n t a c t  (F ig .  26) and can s t i l l  be detected in c e l l s  in  very ad

vanced stages o f  d e te r io ra t io n .

However, i f  f e r t i l i z a t i o n  occurs,  changes take place in  the PCs. 

A f te r  passage o f  the d ip lo id  nucleus (Step 14 in  Chart I ) ,  PC type and 

loca t ion  appear as in Diagram I I - B .  The PC between the SU and AU is  

extremely va r ia b le  in appearance. Some sections show very wel l  developed 

p i t  membranes whereas other sections of  the same c e l l  as wel l  as sections 

from other c e l l s  show discontinuous membranes or  no membranes. PC type 

a t  a l l  o ther ju n c tu re s ,  however, i s  very co ns is ten t .

As ind ica ted  in  Diagram I I - B ,  a f t e r  d ip lo i d i z a t i o n  o f  the AU, a l l  

abbreviated connections in  the carpogonial branch have d is in te g ra ted  

(F ig. 26), and those between the STs have e i t h e r  d is in teg ra ted  or are in 

the process o f  doing so. The physical  progress o f  PC d is in te g r a t io n  does 

not appear s p e c i f i c  so tha t  the morphology o f  d e te r io ra t in g  plugs can be 

qu i te  d i f f e r e n t  (F igs .  34, 38). In the carpogonia l branch, d i s in t e g r a 

t i o n  begins w i th  the CP-CB^ connection and progresses b a s ip e ta l l y  to  the 

SU-CB-j jun c tu re .  This connect ion,  which is  a "semi-standard" PC, does 

not d is in te g r a te  (F igs .  35, 36); nor,  a t  t h i s  stage,  has there been a 

breakdown of  any o ther  standard or "semi-standard" PC.



DISCUSSION

The accounts by l i g h t  m icroscopis ts  o f  procarp morphology and deve l

opment w i th in  the order Ceramiales have genera l ly  been very cons is ten t .  

This EM in v e s t ig a t io n  o f  P. harveyi supports these e a r l i e r  s tud ies but 

has also provided some new in fo rmat ion  which aids in  the i n te rp r e ta t io n  

o f  pre- and p o s t - f e r t i l i z a t i o n  events.

S t e r i l e  Cel ls

F r i tsch  (11) suggests th a t  the basal s t e r i l e  group i s  homologus 

w i th  a carpogonial branch whereas the la te r a l  group represents the only 

vegeta t ive  c e l l s  o f  the procarp. The morphology o f  the PCs between 

la te r a l  STs (F ig .  11) i s  very s im i l a r  to  th a t  o f  vegeta t ive  ax ia l  c e l l s ,  

an observation which may tend to  support F r i t s c h 's  hypothesis.

In those orders w i thou t  a well  developed pe r ica rp ,  the STs some

times perform an ass im i la to ry  ro le ,  but t h i s  fun c t ion  is  in h ib i t e d  by 

the per icarp  in  the Rhodomelaceae. In t h i s  order ,  the STs are thought 

to  e i th e r  separate the per icarp  from the developing gonimoblast ( 1 1 ) 

or to serve as storage organs (17) . They are densly protop lasmic,  but 

they do not have large deposi ts  of s tarch .

L ig h t  m icroscopis ts  (36) have noted t h a t ,  p r io r  to f e r t i l i z a t i o n ,  

the cytoplasm o f  STs s ta ins  more l i g h t l y  than tha t  o f  CBs. At the EM 

le v e l ,  there is  no obvious d i f fe ren ce  between them w i th  the exception 

o f  the double nucle i  and the SER channel which occupies a large por t ion

17
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o f  the volume o f  the CBs (Compare Figs. 11 & 23).

Trichoq.yne

The TG can be I n i t i a t e d  a t  e i t h e r  the three or fou r  ce l led  stage 

o f  branch development (17) and i s  an "ephemeral s t ru c t ru e  whose su rv iva l  

must be measured in  hours” (7 ) .  The f l e e t i n g  appearance o f  the TG and 

i t s  v u l n e r a b i l i t y  to  f i x a t i o n  make t h i s  stage very d i f f i c u l t  to  capture, 

and has led to  debate in  the l i t e r a t u r e  concerning var ious aspects o f  

i t s  morphology (46, 18, 11, 7 ) .  Much o f  the disagreement centers  a-  

round the question o f  presence o f  a nucleus in  the TG. Yamanouchi (46) 

was adament in  his  b e l i e f  th a t  a nucleus was not only present but also 

very p e rs is ta n t  in  Polysiphonia v io la c e a . This observa t ion ,  as well  as 

the presence o f  a c o n s t r i c t i o n  a t  the base o f  the TG, led Yamanouchi to  

be l ieve the TG to  be a f a i r l y  autonomous s t ru c tu re .

In t h e i r  s tudies o f  Polys iphonia pla tycarpa (18),  Iyengar and 

Balakrishnan could f i n d  no evidence o f  a nucleus, and my in v e s t ig a t io n s  

o f  P_. harveyi whole mounts, t h i c k  and th in  sections and mater ia l  labeled 

w i th  the f luo resce n t  nuclear dye mithramycin never resu l ted  in  an in d ic a 

t io n  o f  a nucleus. I am forced to  conclude t h a t ,  w i th  the exception o f  

the male pronucleus a t  f e r t i l i z a t i o n ,  a nucleus is  not present in  the TG 

o f  t h i s  species a t  any stage o f  development.

In the on ly  other publ ished micrographs o f  a TG, Chambers ( 6 ) found 

no in d ic a t io n  o f  a TG nucleus in  Batrachospermum (although he mistakenly 

c a l l s  the CP nucleus a TG nucleus). Batrachospermum belongs to the 

Nemaliales, the le a s t  advanced order of  the Flor id iophyceae. Neverthe

less ,  i t  i s  s i g n i f i c a n t  th a t  there have been c o n f l i c t i n g  repor ts  con

cerning t h i s  species as well  (37, 46, 6 ).
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I t  i s  possib le th a t  other s t ruc tu res  have been mistaken f o r  n u c le i .  

The TGs o f  Batrachospermum conta in double membrane bound sacs ( 6 ) which 

could be confused w i th  n u c le i ,  and the TGs o f  P_. harveyi have large 

vacuoles which could also be m is in te rp re ted  a t  the l i g h t  microscopic 

leve l  (F ig .  4 ) .  More EM stud ies must be conducted, p a r t i c u l a r l y  on 

those genera which are bel ieved to  have a TG nucleus, before d e f i n i t i v e  

conclusions can be drawn. However, -the absence o f  a nucleus in  two 

such w ide ly  separated genera as Batrachospermum and Po lys iphon ia , as 

well  as the general disagreement over i t s  presence in  o ther genera, 

suggest th a t  a TG nucleus is  not t y p ic a l  o f  the Florid iophyceae.

Observations on both young and mature TGs d id not ind ica te  s i g n i 

f i c a n t  d i f fe rences  in r e la t i v e  numbers o f  o rgane l les .  Dictyosomes may 

be involved in  the secre t ion  o f  the e x t r a c e l l u la r  coat since they are 

f re q u e n t ly  involved in  s im i la r  secret ions in  red a lga l  c e l l s  (25, 20, 38, 

39), but rough ER has also been impl ica ted (T9). No conclusions could 

be drawn as to the source o f  the e x t r a c e l 1u la r  coat in  t h i s  study 

although exocytos is  appeared to be occuring in  some specimens.

The means by which the spermatium locates the TG is  unknown, but 

the e f f i c i e n c y  o f  f e r t i l i z a t i o n  in  the Florid iophyceae is  d i f f i c u l t  to 

exp la in s t a t i s t i c a l l y  as random contact consider ing tha t  the TG and 

spermatium are both nonmoti le (7 ) .  There appears to be a g rad ien t  along 

the TG w i th  regard to spermatial a t t r a c t i o n  so tha t  most spermatia 

a t tach  to the d i s ta l  end (7 ) .

A f te r  adhesion and subsequent d i s s o lu t io n  o f  the in te rven ing  wa l ls  

and plasma membrane, the spermatial nucleus passes in to  the TG. L igh t  

microscopis ts  ind ica te  th a t  a l l  spermatial cytoplasm moves in to  the TG
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(46, 7) ,  but our r e s u l t s  show a subs tan t ia l  amount o f  cytoplasm r e 

maining w i th in  the spermatial w a l ls .

In the brown alga Fucus, microtubules were associated w i th  pro-

nuclear movement (3 ) ,  but no micro tubules were detected near the sperm

a t i a l  nucleus in  P_. h a rve y i . However, too few observations were made 

on gamete fus ion  and subsequent events so th a t  m icro tubu le  absence 

could not be adequately confirmed.

Carpogonium

The mature CP is  e a s i l y  the most d i s t i n c t i v e  c e l l  in  the female 

branch. I t s  shape is  unique and i t  i s  the only  c e l l  o f  the branch tha t  

becomes h igh ly  vacuolated a t  m a tu r i t y .  I t  i s  not unusual f o r  red algal  

c e l l s  to  become vacuolate w i th  enlargement (7 ) ,  but i t  i s  i n te re s t in g  

th a t  the CP is  the on ly  c e l l  o f  the branch to do so. This con d i t ion  may 

very l i k e l y  be a con t inua t ion  o f  the va cu o l iza t ion  o f  the TG.

In ad d i t ion  to s ing le  membrane bound vacuoles, double membrane 

bound vacuoles are occas iona l ly  seen. These appear to bleb o f f  from the 

nucleus. Chambers ( 6 ) noted double membrane bound sacs in  the TG o f  

Batrachospermum. Although much smaller and more numerous, these may be

re la ted  to  the vacuoles o f  _P. h a rv e y i . Wetherbee and Wynn (45) observed

double membrane evaginations o f  the nucleus in carposporangia o f  Poly

siphonia novae-angl iae. These contained e i th e r  f ib ro us  mater ia l  or an 

osm ioph i l ic  d ro p le t .  Both types o f  mater ia l  were also found in the 

cytoplasm and were bel ieved to o r ig in a te  in  the nucleus. S u p e r f i c i a l l y ,  

the vacuoles found in  the presporangium o f  the marine p r o t i s t ,  Labyr in -  

thu la  sp. (27) appear s im i l a r ,  but those o f  Labyr in thu la  are formed by a 

p ro t rus ion  o f  the outer  membrane o f  the nuclear envelope on ly .
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The nucleus o f  the CP has two fea tures  which d is t in g u is h  i t  from 

o ther nuc le i  in the procarp. In mature c e l l s ,  the chromatin i s  very 

f i n e l y  dispersed and does not appear as clumped as in  o ther nucle i  o f  

the procarp,  and the bulk of  the nuc leo la r  mater ia l  i s  in  the form o f  a 

c r y s t a l l i n e  l a t t i c e  w i th  a d i s t i n c t  p e r i o d i c i t y .  This p e r i o d i c i t y  i s  a 

very constant and p e rs is ta n t  fe a tu re ,  having been detected in  post

f e r t i l i z a t i o n  nuc leo l i  and once in  the cytoplasm o f  a d i s in t e g r a t in g  CP. 

To my knowledge, there  are no other accounts o f  comparable nucle i  in  

o ther species o f  red algae.

The func t iona l  s ig n i f ic a n c e  of  these c h a ra c te r i s t i c s  i s  not under

stood, but they do serve to  show th a t  the CP is  h igh ly  spec ia l ized  f o r  

i t s  r o le  as r e c ip ie n t  o f  the spermatia l nucleus.

A f t e r  f e r t i l i z a t i o n ,  the CP increases in  s ize ,  a c h a r a c te r i s t i c  

p rev ious ly  reported from l i g h t  microscopic in v e s t ig a t io n s  (18, 36).

This increase cou ld ,  in  p a r t ,  be due to  movement o f  cytoplasm from the 

CBs. The PCs between the CP and a l l  the CBs d is in te g r a te  soon a f t e r  

f e r t i l i z a t i o n ,  and l i g h t  m icroscopis ts  have noted movement o f  cytoplasm 

from the CBs to  the CP (46). In my l i g h t  microscopic i n v e s t ig a t io n s ,  

nuc le i  from the CBs were observed in  the process o f  moving through the 

opened connections toward the CP. Movement toward ra the r  than away 

from the CP was determined from counting the nucle i  in  each c e l l ;  none o f  

the CBs ever had more than two n u c le i .

There has been considerable debate in the l i t e r a t u r e  concerning the

manner in  which the CP passes a d ip lo id  nucleus to the AU. The pre

v a i l i n g  in te rp r e ta t io n  f o r  the Rhodomelaceae has been th a t  passage occurs 

a f t e r  d i r e c t  fus ion between the AU and CP (46, 36, 11, 17), but a

connecting c e l l  has been reported in P_. pi a tycarpa (18) and two con-
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necting c e l l s  have re c e n t ly  been reported in  B ro n g n ia r te l la  (26) . The 

increase in  CP s ize and the p rox im i ty  o f  the CP and SU lend support to  

the hypothesis o f  d i r e c t  fus ion  as do the EM re s u l t s  from t h i s  study. 

However, my l i g h t  microscopic s tudies show what could e a s i l y  be i n t e r 

preted as two connecting c e l l s  which appear to be produced a t  or near 

the s i t e  o f  nuclear exchange between the CP and SU. These e n t i t i e s  are 

very small w i th  most o f  t h e i r  volume f i l l e d  by a body s ta in ing  l i k e  a 

nucleus. Their small s ize would argue aga inst  t h e i r  invovement in  

t ra n s fe r  as wel l  as our f a i r l y  conclusive evidence o f  d i r e c t  fus io n .  I t  

i s  possib le th a t  the bodies seen in  B ron gn ia r te l la  (26) and in  Poly

siphonia may a c tu a l l y  be n u c le i ,  o r i g i n a l l y  from the CBs which have 

moved in to  the CP and been extruded along w i th  a small amount o f  c y to 

plasm. This hypothesis i s  very te n ta t i v e ,  however, since no evidence o f  

such s t ruc tu res  were observed w i th  the EM. However, movement o f  nucle i 

seems c e r ta in  and one d i s in te g r a t in g  CP was found w i th  two nu c le i .

Carpogonial Branch Cel ls

Mature CBs are e a s i ly  d is t ingu ished  from other  c e l l s  both because 

o f  t h e i r  b inuc lea te  cond i t ion  and the SER channel which transverses them. 

The fu n c t io n  o f  the b inuc leate cond i t ion  is  undetermined although other 

orders o f  red algae are known to have b i -  or even m u l t inuc lea te  CBs. 

F r i ts ch  (11) has suggested th a t  the presence o f  two or more nuc le i  may 

in d ica te  arrested branch formation since some o f  the more p r im i t i v e  

orders have c o r t i c a t i n g  CBs.

The continuous channel o f  SER is  unique to the CBs and was not 

a n t ic ip a te d  from e a r l i e r  l i g h t  microscopic work even though the channel 

can j u s t  be d is t ingu ished  in  1 - 2  urn t h i c k  sect ions o f  appropr ia te
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PCs. I t  i s  seen around the PC cap in  the outer  c o r t i c a l  c e l l s  o f  

Nemalion (8 ) and in  the gonimoblast and carpospores o f  Polysiphonia (42, 

43). Lee (23) examined twelve species o f  red algae in  the Bangiales 

and Nemaliales and t y p i c a l l y  found SER near the p i t  cap. However, in  no 

case was the SER as extensive as th a t  o f  the channel in  Polysiphonia nor 

was i t  obv ious ly  associated w i th  a zone o f  exclusion*

The on ly  alga studied to  date which does have an o rgan iza t ion  o f  

SER somewhat s im i la r  to  P_. harveyi i s  Batrachospermum. Brown (4 , 5) 

found associated w i th  the p i t  caps o f  t h i s  alga a network o f  SER which 

extended throughout the cytoplasm, and Aghajanian and Hommersand (1 ) ,  

in  a l a t e r  in v e s t ig a t io n ,  found two almost contiguous cones o f  SER 

extending from the PCs o f  the ax ia l  c e l l s .  Their  Fig. 9 looks very much 

l i k e  Fig. 25 in  t h i s  study o f  P. h a rv e y i . However, the SER in  Batracho

spermum never becomes continuous from PC to  PC, and more im po r ta n t ly ,  

the in v e s t ig a to rs  are convinced th a t  the SER is  present on ly  to p a r t i 

c ipa te  in the formation o f  the PC.

PC formation can not exp la in  the presence o f  the SER channel in 

Po lys iphon ia . In young CBs, the abbreviated connections are f u l l y  

formed, but no SER is  present (F ig .  33). Even though the abbreviated 

connections enlarge a f t e r  the channel forms, the abbreviated connections 

o f  the STs, which appear s t r u c t u r a l l y  s im i l a r  (compare Figs. 28 & 30), 

also enlarge w i thou t  the presence o f  SER. Nor does SER seem necessary 

f o r  any stage o f  the development, maintenance or d i s in te g r a t io n  o f  the 

PCs in  the STs. We can ex t rapo la te  from the s i t u a t i o n  in  the STs tha t  

the channel is  not invo lved in morphological a l t e r a t i o n  o f  abbreviated
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connect ions. However, the fu n c t io n  o f  the SER may be explained by the 

unique sequence o f  events which c h a r a c t e r i s t i c a l l y  fo l lows  f e r t i l i z a t i o n  

in the Ceramiales.

A f te r  f e r t i l i z a t i o n ,  the d ip lo id  nucleus o f  the CP d iv ides  m i t o t i -  

c a l l y  (46, 11). In near ly  a l l  F lo r id iophyceae,  one o f  the nuc le i  passes 

in to  an a u x i l i a r y  c e l l  which then produces the carposporophyte generation 

(36, 37). Unl ike o ther  orders ,  the AU in the Ceramiales is  produced 

a f t e r  f e r t i l i z a t i o n  which means th a t  the SU must rece ive an i n i t i a t i n g  

message from the CP. The SER channel seems the most l i k e l y  condu i t  f o r  

t h i s  in fo rm a t ion .  The c i rcum s tan t ia l  evidence is  compell ing. The 

channel i s  continuous from the CP to the SU and is  located in the region 

of  the c e l l s  which re s u l t s  in  the sho r tes t  rou te .  The channel is  formed 

only by the CBs and a t  the appropr ia te  t ime to  ac t  in the capac i ty  

hypothesized. F in a l l y ,  i t  d i s in te g ra te s  soon a f t e r  the AU is  formed 

although the channel i s  very p e rs is ta n t  in u n f e r t i l i z e d  branches.

For a membrane system to be involved in the t ra n s lo c a t io n  o f  

messages or m a te r ia ls  would not be a new concept. Brown (4) suggested 

an i n t e r c e l l u l a r  t ra n s p o r t  fu n c t io n  f o r  the extensive SER found in  

Batrachospermum, and Goff (13) has hypothesized an endomembrane system 

in  Harveyel la m i r a b i l i s  which acts to  conduct photosynthate from i t s  

host. Well known examples in mammalian c e l l s  are the propagation o f  a 

nerve impulse by the sarcoplasmic re t icu lum and transmission o f  a 

hormonal message by the plasma membrane (41).  However, I was unable to  

f i n d  anywhere a system o f  SER so morpho log ica l ly  d i s t i n c t  as the channel 

in Polysiphonia CB c e l l s .
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P i t  Connections

P r io r  to  the era o f  e lec t ron  microscopy, the most w ide ly  accepted 

view o f  PCs was th a t  they were open connections between c e l l s  (11, 15). 

When Bouck (2) publ ished the f i r s t  EM micrographs o f  PCs, a debate 

began th a t  s t i l l  continues concerning PC fu n c t io n .

Ramus (35) suggested tha t  PCs are preformed "weaknesses" which are 

more l a b i l e  to  chemical or enzymatic degradation than the adjacent 

septum and t h e i r  eventual d i s in te g r a t io n  in c e r ta in  c e l l  types f a c i l i 

ta tes  t ra nspo r t  o f  m a te r ia ls .  He notes t h a t ,  in  the female reproduct ive  

s t ru c tu re s  o f  G r i f f i t h s i a  p a c i f i c a , plugs break down and disappear 

fo l lowed by c e l l u l a r  fus ion  and probable t r a n s fe r  o f  la rge amounts of  

cytoplasm. S im i la r  pa t terns occur in o ther red algae (7 , 22), and the 

re s u l t s  w i th  P_. harveyi concur w i th  these observations. However, there 

are two ob jec t ions  to  Ramus’ hypothesis. F i r s t ,  in  some algae the PCs 

are p e rs is ta n t  in  the fus ion  c e l l ,  fus ion occuring around the PC (8 , 43). 

Second, the idea o f  a s t ru c tu ra l  weakness ro le  would apply to  spec ia l ized 

areas such as the female reproduct ive  s t ruc tu res  and would not be a p p l i 

cable to  areas where d is s o lu t io n  o f  PCs does not normally  occur.

Other in v e s t ig a to rs  have proposed tha t  the pr imary fun c t ion  o f  PCs 

is  to lend s t ru c tu ra l  support to  the t h a l l u s .  This hypothesis i s  based 

on the fa c t  tha t  many red algae are pseudoparenchymatous and t h e i r  c e l l s  

can be e a s i ly  separated except a t  PCs (22).  I t  has been shown tha t  in 

d i f f e r e n t  c e l l  types the cytoplasm is  more f i r m l y  attached to the PC 

than to the c e l l  wa l ls  (11, 15, 8 ). A lso ,  s t ruc tu res  such as the p e r i 

carp are not known to be present except in those species capable o f  

forming secondary PCs (17, 15). The hypothesis th a t  PCs o f f e r  s t ru c tu ra l
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support seems not to  be s e r io u s ly  debated, but u n t i l  i t  can be shown th a t  

PCs do not perform the func t ions  o f  mater ia l  t ra nspo r t  and communication, 

i t  seems premature to  suggest tha t  t h e i r  pr imary fu n c t ion  i s  s t r u c t u r a l .

The c la s s ic a l  view is  th a t  PCs are an avenue o f  t ra n sp o r t  between 

c e l l s .  I t  has been demonstrated th a t  m a te r ia ls  pass from c e l l  to  c e l l  

(14, 40, 12), but i t  has not been shown th a t  the passage is  through PCs. 

Mangenot (24) found a d i r e c t  r e la t i o n s h ip  between the s ize  o f  the PC 

and the f low  o f  n u t r ie n ts  in  the reproduct ive  c e l l s  o f  G r i f f i t h s i a  and 

proposed as e a r ly  as 1924 t h a t  a study o f  reproduct ive  c e l l s  might help 

to  e lu c id a te  the fu n c t io n  o f  PCs. Two in v e s t ig a to rs  ( 6 , 1) demonstrated 

acid phosphatase a c t i v i t y  in  the PCs o f  Batrachospermum although Ramus 

(35) was unable to  de tec t  such a c t i v i t y  in  G r i f f i t h s i a . Bouck (2) saw 

small p a p i l la e  on sur face membranes o f  PCs o f  Lomentaria suggesting th a t  

mater ia l  was e i t h e r  being discharged or taken in .  S im i la r  s t ruc tu re s  

were observed by Pueschel in a f reeze-e tch  study o f  Palmaria (29).  

However, there is  no d i r e c t  evidence f o r  t ra n sp o r t  through PCs, and 

movement through c e l l  w a l ls  is  an a l te rn a te  p o s s ib l i t y  (19) .

Even though in v e s t ig a to rs  had noted d i f f e r e n t  PC morphology w i th in  

a s ing le  t h a l l u s  ( 6 , 34, 28), Wetherbee (42, 43) was the f i r s t  to  

suggest th a t  d i f fe ren ces  in  morphology between PCs in  the female repro

duct ive  c e l l s  and PCs in  the vege ta t ive  t h a l lu s  have fu n c t io n a l  s i g n i f i 

cance. He has proposed th a t  " t r a n s fe r  connect ions" are found in areas 

where communication might be expected and in  areas which might need 

supplemental n u t r i t i o n .  The morphological c h a ra c te r i s t i c s  o f  " t ra n s fe r  

connect ions" - the lack o f  a p i t  membrane and a concomitant increase in 

plug s ize w i th  increased need fo r  n u t r i t i o n a l  support - would i n t u i t i v e l y
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appear to  equip them f o r  such a r o le .  Despite some c r i t i s m  o f  his 

theory (30, 19), the s ig n i f ic a n c e  o f  these morphological d i f fe ren ces  

needs to be expla ined.

Studies o f  p a r a s i t i c  re la t io n s h ip s  between red algae where food 

t ra n sp o r t  i s  obvious give c o n t ra d ic to ry  evidence f o r  t ra n s p o r t  through 

PCs between host and p a ras i te .  In some re la t io n s h ip s  there  are PCs (21) ,  

others have none (9, 10), and s t i l l  e thers appear to  have semi-standard 

PCs (13, 32). In a d d i t io n  to  the c o n f l i c t i n g  evidence, the f a c t  tha t  

these are spec ia l ized  re la t io n s h ip s  makes them questionable as a source 

o f  in fo rmat ion  on normal PC fu n c t io n  w i th in  an in d iv id u a l  a lga.

This research w i th  Polysiphonia has important im p l ica t io n s  concern

ing the poss ib le ro les  o f  the d i f f e r e n t  types o f  PCs. There are three 

types o f  PCs in  the female reproduct ive  branch o f  t h i s  alga although 

determining which o f  the three is  c h a r a c te r i s t i c  o f  a p a r t i c u l a r  ju n c t io n  

has posed some problems. In some cases, the p i t  membrane appears 

v a r ia b le  from c e l l  to  c e l l  or even from section to sect ion  w i th in  the 

same c e l l .  In many c e l l s ,  the membrane appears fragmented. Some o f  t h i s  

unce r ta in ty  can r e s u l t  from poor f i x a t i o n  or angle o f  sec t ion ing  o r ,  as 

Wetherbee and Scot t  (44) suggest, the membrane may be l a b i l e ,  being pro

duced or disassembled according to  the needs o f  the c e l l .  In a d d i t io n ,  

younger c e l l s  may lack the membrane which is  normally  present in more 

mature c e l l s  o f  the same type,. Pueschel (29) notes th a t  the cap membrane 

o f  Palmaria is  formed considerably  l a t e r  than the l a te ra l  plug membrane.

I t  seemed a t  f i r s t  as i f  semi-standard PCs were the r e s u l t  of one o f  

the above fa c to rs ,  but subsequent in v e s t ig a t io n  showed t h e i r  presence to  

be cons is tan t  at the AX-SU and SU-CB-j junc tu res .  I n t e r e s t i n g l y , Peyriere
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(28) observed a semi-standard PC a t  the SU-CB] jun c tu re  o f  G r i f f i f t h s i a .

At f i r s t ,  the r e s u l t s  w i th  P_. harveyi seemed to support the 

hypothesis th a t  abbreviated connections f a c i l i t a t e  t ra n s p o r t ,  p a r t i c u 

l a r l y  since the SER channel imp l ies  th a t  a message is  t ransm i t ted  through 

PCs. However, the presence o f  semi-standard PCs is  not adequately ex

pla ined by a hypothesis predicated on the assumption th a t  no n -d i f fe re n -  

t i a t e d  c e l l s  need n u t r i t i o n a l  support and th a t  the absence o f  membranes 

al lows increased volume and speed o f  t ra n s p o r t .  By in fe rence ,  any 

m a te r ia ls  a r r i v i n g  from the SU would be slowed and the volume l im i te d  by 

the membrane a t  the SU-CB] ju n c tu re .

The presence o f  a semi-standard PC appears fun c t io n a l  and not a 

simple r e f l e c t i o n  o f  the c e l l ' s  i n a b i l i t y  to  produce o ther  PC types. The 

SU c o n s is ta n t ly  has a p i t  membrane a t  the SU-CB] jun c tu re  bu t ,  j u s t  as 

c o n s i s t a n t l y , does not have a membrane a t  the junc tu res  between i t s e l f  

and the STs. These l a t t e r  connections are t y p ic a l  abbreviated connec

t io n s .  The STs would seemingly be less important in  the ove ra l l  rep ro 

duc t ive  e f f o r t  and less in  need o f  n u t r i t i o n a l  support than the CBs and, 

y e t ,  there is  no impeding membrane between them and the SU.

These observations ind ica ted  a poss ib ly  d i f f e r e n t  fu n c t io n  f o r  

abbreviated connections. The presence o f  PCs s t r u c t u r a l l y  s im i l a r  to  

abbreviated connections in  young vegeta t ive  c e l l s  suggests tha t  abbre

v ia ted  connections in  the female branch may be neot ic  s t ru c tu re s .  The 

less developed morphology could have been re ta in e d ,  a t  le a s t  in p a r t ,  

because abbreviated connections are more e a s i ly  broken-down. Such d i s 

in te g ra t io n  w i th in  the branch has been estab l ished both by l i g h t  and 

e lec t ron  microscopy (46, 35, 20). In t h i s  study, a l l  abbreviated
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connections d is in te g r a te  f a i r l y  r a p id l y  a f t e r  f e r t i l i z a t i o n .  This 

pa t te rn  accomplishes several tasks .  The breakdown a l lows m a te r ia ls  

w i th in  the STs to  move r e a d i l y  to  the SU. I t  also permits rapid t r a n s 

f e r  o f  cytoplasm from the CBs to  the CP which is  known to  enlarge a f t e r  

f e r t i l i z a t i o n  (17).  The presence o f  the semi-standard PC between the 

SU and CBi assures th a t  t h i s  connection w i l l  not d isso lve  or  w i l l  not 

d isso lve  r e a d i l y .  There fore , a l l  m a te r ia ls  w i l l  be d i rec ted  in to  the 

CP and not the SU.

This i n te r p r e ta t io n  o f  PC fun c t io n  is  a re v iv a l  o f  the "preformed 

weakness" hypothesis o f  Ramus. Though i t  accounts f o r  r e s u l t s  in  the 

young stages o f  development in  the reproduct ive  branch o f  P. h a rv e y i , 

i t  does not exp la in  the re s u l t s  o f  Wetherbee (42, 43) f o r  l a t e r  stages 

o f  female development in  the same genus. He has shown t h a t ,  during 

carpospore development, fus ion  occurs around the abbreviated connections 

leaving them f ree  in  the cytoplasm. PC a b i l i t y  to  q u ic k ly  d i s in te g r a te ,  

then,  would seem to  have no fu n c t io n a l  s ig n i f ic a n c e .  I t  i s  poss ib le 

th a t  the membranes o f  the fus ion  c e l l  develop a propens i ty  to  fuse th a t  

is  much greater  than the tendency o f  abbreviated connections to d isso lve  

and th a t  abbreviated connections are ves t iga l  and, th e re fo re ,n o t  func 

t i o n a l l y  s i g n i f i c a n t .

A much more a t t r a c t i v e  p o s s i b i l i t y ,  however, is  one which inco rp o r 

ates Wetherbeeps hypothesis. The re s u l t s  o f  C-14 lab e l in g  experiments 

on Polysiphonia lanosa (40) in d ic a te  both th a t  the carposporophyte is  

not s e l f - s u f f i c i e n t  and tha t  organic C-14 moves d i r e c t i o n a l l y  toward the 

carposporophyte from the vege ta t ive  ax is .  However, i f  movement does 

occur through PCs (by no means proven),  then a l l  types o f  PCs are l i k e l y
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invo lved.  Poss ib ly ,  membranes a t  the ends o f  PCs fu n c t io n  to con tro l  

en t ry  and e x i t  o f  m a te r ia ls ,  but maintenance o f  these membranes can be 

assumed to  be a metabol ic  expense. Those c e l l s  not capable o f  s e l f -  

support may be cast  in  the ro le  o f  "beggers-can’ t -b e -ch o o se rs " , a l low ing  

f re e  en t ry  and e x i t  in  order to  avoid the metabol ic costs o f  a fu n c t io n 

ing membrane. The end r e s u l t  is  th a t  abbreviated connect ions,  by 

u t i l i z i n g  less energy, would increase the percentage o f  metabol ic 

m a te r ia ls  a v a i la b le  f o r  other c e l l u l a r  a c t i v i t i e s .  This savings could 

be p a r t i c u l a r l y  important where la rge numbers o f  PCs are involved, such 

as in a pa ras i te  (32).  In a d d i t io n ,  i t  i s  c e r t a i n l y  possib le tha t  

m a te r ia ls  may be moved more r e a d i l y  or e f f i c i e n t l y  w i th in  c e l l s  where 

a l l  o f  the connections are o f  the abbreviated type.

From t h i s  study o f  JP. harveyi as well  as the work o f  o ther research

ers ,  i t  has become in c re a s in g ly  apparent t h a t  PC fun c t ion  is  complex.

This complexi ty  i s  the major ob jec t ion  to Wetherbee's term " t ra n s fe r  

connect ion" s ince i t  imp l ies  the primary purpose o f  abbreviated con

nec t ions ,  in  con t ras t  to  standard PCs, to  be the t r a n s fe r  o f  m a te r ia ls .  

The term "abbreviated connection" has been chosen since i t  impl ies only 

a s t r u c tu ra l  s i m p l i c i t y  and does .not a l lude  to  a s t i l l  uncerta in func

t i o n .  Without doubt, more research is  needed to  f i r m l y  es tab l ish  the 

func t ion  o f  a l l  types o f  PCs, but the present research w i th  P. harveyi 

ind ica tes  a m u l t i p l i c i t y  o f  fu n c t ion .  Depending on the loc a t io n  in the 

c e l l  or  the c on d i t ion  o f  the c e l l ,  PCs may func t ion  p r im a r i l y  as 

s t ru c tu ra l  mechanisms, as avenues o f  t ra n sp o r t  and communication or as 

s t ruc tu res  which a l low  rap id  cytoplasmic c o n t in u i t y  between c e l l s .
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Key to  Abbrev ia t ions

AU a u x i l i a r y  c e l l
AX ax ia l  c e l l
CBt-3 carpogonial branch cel
CP carpogonium
GB gonimoblast c e l l
GM gonimoblast mother cel
PC p i t  connection
PR per ica rp  c e l l
PS p e r ic e n t ra l  c e l l
ST] la t e r a l  s t e r i l e  group
s t 2 basal s t e r i l e  group
SU support c e l l
TB t r i c h o b la s t
TG tr ichogyne
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Chart I

Sequence o f  developmental events in  the female 
reproduct ive  branch-



Sequence o f  Developmental Events

1. Development o f  a t r i c h o b la s t .

2. Enlargement o f  f i f t h  p e r ic e n t ra l  o f  suprabasal segment 
o f  t r i c h o b la s t .

3. SIJ cuts o f f  i n i t i a l  o f  S T - j ;  per icarp  begins fo rmat ion.

4. SU produces i n i t i a l  o f  carpogonial branch.

5. Carpogonial i n i t i a l  d iv ides  tw ice to  form th re e -c e l le d
branch.

6 . SU cuts o f f  ST2 .

7. S T ] d iv ides  to  form tw o-ce l led  branch.

8 . CB3 cuts o f f  CP; pe r ica rp  completely surrounds female 
branch.

9. Elongation o f  TG (may begin in  t h re e -c e l le d  s tage).

10. F e r t i l i z a t i o n .

11. CP nucleus undergoes a m i t o t i c  d i v i s i o n ;  PCs between 
CP and CBs breakdown.

12. Cel ls  o f  ST-j and ST2 each d iv id e  once to  produce a
t o t a l  o f  s i x  c e l l s ;  AU cuts o f f  from SU.

13. C on t in u i ty  develops between CP and AU.

14. D ip lo id  nucleus passes i n to  AU; carpogonial branch
begins to  wi the r .

15. PCs between STs d i s in te g r a te ;  AU fuses w i th  SU.

16. Carposporophyte generation i n i t i a t e d .
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Diagram I

Camera luc ida  drawing o f  sexua l ly  mature female branch.



POLYSIPHONIA HARVEYI
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Diagram I I

I I - A  P r e f e r t i l i z a t i o n :  d iagramatic  view o f  the d i f f e r e n t  types
o f  p i t  connections and t h e i r  loca t ions  in  the p r e f e r t i l i 
za t ion  female branch.

I I - B  P o s t f e r t i l i z a t i o n :  stage a f t e r  the TG has detached and
d is in te g ra te d .  The carpogonial branch is  d e te r io ra t in g  
and the AU has fused w i th  the SU. A l l  abbreviated con
nections have or are in  the process o f  d i s i n t e g r a t i n g ,  
but standard and semi-standard connections are i n t a c t .
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PREFERTILIZATION

STiCB?

ST2

- P R

POSTFERTILIZATION

s t 2CB? STi
ST2

CP
AU

 Standard PC

O   Abbrev iated PC

 Se m i - s t a nda r d  PC
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Figure 11

Figure 12

Figure 13

Figure 14

Figure 15

Figure 16

Plate  I I I

P r e f e r t i l i z a t i o n  la te r a l  s t e r i l e  group. The 
abbreviated connection (arrow) i s  longer and more 
narrow than those found elsewhere in  the procarp.
The c e l l s  are densly protoplasmic w i th  l i t t l e  to  
no starch accumulat ion.  X 4000.

P o s t f e r t i l i z a t i o n  l a te r a l  s t e r i l e  group. Each o f  
the o r ig in a l  two c e l l s  has d iv ided to produce a 
t o t a l  o f  fo u r  c e l l s .  X 3400.

Carpogonial branch past optimum f e r t i l i z a t i o n  age. 
The TG is  extremely vacuolate. The CP nucleus is  
elongated and the heterochromatin i s  f i n e l y  d i s 
persed. A double membrane-bound vacuole can be 
seen a t  the arrow. A s im i la r  vacuole is  enlarged 
in Fig. 14. X 5350.

CP w i th  la rge vacuole enclosed by double membrane 
continuous w i th  the nuclear envelope (a rrow).  Note 
a lso  the c r y s t a l l i n e  appearance o f  the nucleolus 
(double arrows). X 13,000.

Longi tud ina l  sect ion through c r y s t a l l i n e  s t ru c tu re  
o f  nuc leo lus.  The rods show a 22.5 nm p e r i o d i c i t y .
X 74,000.

Cross sect ion  o f  nucleolus showing hexagonal packing 
o f  rods. X 74,000.
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Figure 17

Figure 18

Figure 19

Figure 20

Plate IV

TG w i th  attached spermatium (arrow) .  A wide c y to 
plasmic channel e x is ts  between the spermatium and 
the TG, but the spermatium re ta in s  a high percentage 
o f  cytoplasm. The TG cytoplasm behind the advancing 
spermatial nucleus becomes disordered as evidenced 
a t  the TG t i p  (arrowhead). The a s te r i s k  marks the 
p o s i t io n  o f  the spermatia l nucleus as seen in  a 
l a t e r  sec t ion  (F ig .  18). A second spermatium which 
was unable to  e f f e c t  f e r t i l i z a t i o n  and is  d i s 
in te g ra t in g  is  designated by double arrows. X 5350.

Spermatial nucleus ins ide  TG (sec t ion  fo l lo w in g  th a t  
in  Fig. 17). The chromatin o f  the male pronucleus 
is  very dense and is  surrounded by a double membrane 
in which nuclear pores are v i s i b l e .  X 28,000.

F e r t i l i z e d  CP w i th  detach ing,  d is in te g ra te d  TG. A 
mass o f  e lec tron-dense m ater ia l  (arrow) appears to 
plug the base o f  the TG which is  almost complete ly 
detached from the CP poss ib ly  by the format ion o f  a 
ser ies  o f  vacuoles. The AU also appears to be in  the 
process o f  absc iss ing from the CP a f t e r  d i r e c t  fus ion  
(arrowheads). X 7000.

CP and detaching TG w i thou t  plug o f  m a te r ia l .  As 
in  Fig. 19, separa t ion appears to occur by the 
development o f  a vacuole (a rrow) .  Note the f i n e l y  
dispersed heterochromatin o f  the CP and the c ry s ta l  - 
l i n i t y  o f  the nucleolus (arrowhead). X 22,000.
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Figure 21

Figure 22

Figure 23

Plate  V

P o s t f e r t i l i z a t i o n  CP w i th  detached and d i s i n t e g r a t in g  
TG. One o f  two nuc le i  found in  t h i s  CP is  v i s i b l e  a t  
the arrow. Another nucleus from a d i f f e r e n t  sect ion 
can be seen in  F ig .  22. X 3250.

. La ter  sec t ion  o f  the CP seen in  Fig. 21. A second, 
d e te r io r a t in g  nucleus is  v i s i b l e  a t  the arrow. One 
o f  the nuc le i  may have moved in to  the CP from the CBs. 
Note the enlarged nucleus o f  CB3 and the cytoplasmic 
connection between the CP and CB3 (arrowhead). X 4500.

Carpogonial branch w i th  channel o f  SER (arrowheads). 
Ser ia l  sect ions show th a t  the SER extends un in te r rup ted  
through the cytoplasm from the CP to  the SU, breaking 
c o n t i n u i t y  on ly  a t  the p i t  connect ions. X 6300.
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Figure 24

Figure 25

Figure 26

Plate VI

Channel o f  SER continuous across CB2 in  a pre
f e r t i l i z a t i o n  procarp. The channel (arrowheads) 
appears to  be a zone from which a l l  o ther  organe l les  
are excluded. The nucleus in CB2 i s  not v i s i b l e  in 
t h i s  plane o f  sec t ion ing .  X 10,950.

P i t  connection between SU and CB-j in  e a r ly  stage o f  
development. The SER channel begins as a dome
shaped mass o f  SER adjacent to  the p i t  connection.  
Bordering the SER are aggregations o f  p rop la s t id s  
and mitochondr ia  (arrowheads). X 20,000.

U n f e r t i l i z e d ,  d e te r io r a t in g  procarp. The CP has 
almost complete ly  d is in te g r a te d ,  but the p i t  
connections (arrows) are s t i l l  present and the SER 
channel s t i l l  obvious. X 5400.
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Plate V I I

Figure 27. Standard p i t  connection between two c e l l s  o f  the 
vege ta t ive  t h a l l u s .  The core is  bounded on the 
cytoplasmic ends by p i t  caps (arrows) .  The p i t  
membrane is  denoted by la rge arrowheads and the 
plasma membrane by small arrowheads. X 42,000.

Figure 28. Abbreviated connection between CB2 and CB3 . An 
e lec tron-dense cap is  present (arrowheads), but 
n e i th e r  the e le c t ro n - t ra n s lu c e n t  laye r  nor the p i t  
membrane can be detected. SER from the channel 
appears to  abut the p i t  cap. X 42,000.

Figure 29. Semi-standard connection between AX and SU. The end 
o f  the plug fac ing  the AX has a cap and membrane 
system s i m i l i a r  to  a standard connection ( [ ]  ) 
whereas the end fac ing  the SU appears to  have on ly  a 
plug cap (arrowhead). X 42,000.

Figure 30. Abbreviated connection between SU and ST2 . This
connection appears s t r u c t u r a l l y  i d e n t i c a l  to  the p i t  
connection in  Fig. 28, but there is  no SER associated 
w i th  i t .  X 42,000.

Figure 31. P i t  connection between young vege ta t ive  c e l l s .  The 
connection is  m orpho log ica l ly  s i m i l i a r  to  an 
abbreviated connection except tha t  ad jacent to  the 
cap is  a laye r  con ta in ing  pe r iod ic  s t r i a t i o n s  
perpend icu la r  to  the p i t  cap (arrowhead). X 42,000.

Figure 32. Standard p i t  connection o f  vegeta t ive  branch showing 
possib le p i t  membrane depos i t ion .  The nucleus 
which is  g e ne ra l ly  located in  the cen ter  o f  the c e l l  
has moved close to  the p i t  connect ion, and the nuclear 
envelope seems to  be p rov id ing  the p i t  membrane 
(a r ro w ) . X 42,000.

Figure 33. Young p i t  connect ion between CB2 and CB3 . The p i t
connection does not f l a r e  in to  the c e l l s  as f a r  as a 
mature abbrev iated connect ion, but no o ther  s t r u c tu ra l  
d i f fe ren ces  are d isce rnab le .  The absence o f  SER 
ind ica tes  th a t  SER is  not necessary f o r  format ion o f  the 
abbreviated connect ion. X 42,000.

Figure 34. D is in te g ra t in g  p i t  connection between c e l l s  o f  basal 
s t e r i l e  group. P i t  connections do not seem to  have a 
standard appearance dur ing d i s i n t e g r a t i o n .  X 51,600.
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Figure 35

Figure 36

Figure 37

Plate  V I I I

P o s t f e r t i l i z a t i o n  female branch above po r t io n  o f  
pe r ica rp .  The p i t  connections between the CBs have 
d is in te g ra te d  a l low ing  cytop lasmic c o n t i n u i t y ,  and 
the SER channel has disbanded (a rrows) .  The semi- 
standard connect ion between the SU and CB-] has not 
d e te r io ra te d  (arrowhead). The CP i s  in te rp re te d  as 
absc iss ing from the AU fo l lo w in g  apparent d i r e c t  
fus ion  ( * ) .  X 4600.

P o s t f e r t i l i z a t i o n  female branch. Although the p i t  
connections between the CBs have d i s in te g r a te d ,  some 
SER remains (a rrow) .  In the semi-standard connection 
between the SU and CB], the side o f  the p i t  con
nection o r i g i n a l l y  lack ing  a p i t  membrane is  d isso lve d ,  
but the s ide w i th  the membrane i s  i n t a c t  (arrowhead). 
Fig. 37 i s  a m a g n i f i c a t io n  o f  t h i s  connect ion. X 3550.

Enlargement o f  the semi-standard connection in  Fig. 36. 
Note the absence o f  the p i t  core and the p i t  cap in  CB] 
( * ) .  Yet , the p i t  cap and p i t  membrane ad jacent to  the 
SU are c l e a r l y  v i s i b l e  (arrowhead). X 41,000.
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Plate IX

Figure 38. Development o f  the gonimoblast f i lam e n ts  and fus io n  
c e l l .  The CP and CBs are d i s i n t e g r a t i n g .  The AU 
has fused w i th  the SU adjacent t o ,  but not i n c lu d in g ,  
the i n t a c t  SU-AU p i t  connect ion. The p i t  connections 
between the STs are d i s i n t e g r a t i n g  (a rrows) .  The 
gonimoblast mother c e l l  and the f i r s t  gonimoblast c e l l  
are a l ready present .  X 5350.
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