
H!,H< ! m u  M!< KosdH'w s r tm s  n n :  (iimmiMnnHMS
OF ¡IRTRA BU M RHAA! FAT! M (),) RRFA.  (WATURRHYf FAF)

hy
t. X. RAKOVÀX an<! L. m i n V A l .S / K Y

D epartm ent of Apptiod D otany and  t-tistogeneties o f the Hotvtis Lor&nd f 'n iv e rs ity . B udapest
Received on 15dt O ctober,

Introduction

The hcterosyptional alga /lobyz/dozz g/u/zidutz/w is a typical polenergidal 
organism whicti — presum abiy on account of its "am phibious" wav of life — 
reacts with intense interna) s tructural transform ation to  environm ental changes, 
mainly to  the  water supply o f the soi). This transform ation agrees with the  
different ways of reproduction characteristic of the  ontogenetic cycle and  can 
be provoked cxperimentaHy, too. I ts  coenoblast is of a com paratively prim itive 
organization, and precisety for its simple s truc tu re  the  morphological changes 
which accom pany of the  fructification cells and which can be observed under 
the  electron microscope may be of cytological interest and can be partly  ge­
neralized.

/iob'ydz'd.TH grddd/a/dfd m ay reproduce itself in a vegetative way, as wetl as 
either sexuaHv or asexually. The gam etae and the  copulation were described 
only by R o s e n ) )  e r g ,  AI. (1030) and Al o e  v u s ,  J . (1940); however, 
the  reliab ih tv  of their tight microscopic observations is questioned by com pre­
hensive algological studies. ( S c h u s s  n i g ,  B. 1933,1960; t ' o t t ,  B. 1939). 
The various types of ak ineta  (ciste) form ation caused by dessiccation, i.e. of 
vegetative reproduction were described and iHustrated — partly  erroneously 
— R o s t  a f  i n s k  i, .1. and V o r o n i n ,  At. (1877), and more exactly  by 
Al i i  t e r ,  V. (1927) and V i s c  h e r ,  \A*. (1937). The present authors (1969) 
have carried ou t electron microscopic studies on ak ineta  form ation.

The m ost frequent and best known way of reproduction of /lob'.yddzzH 
yraHMkdM??? is the  asexua) type. The "zoospores" or gonidia have been m ention­
ed by all o f the authors cited above; their electron microscopic description is 
from F a l k ,  11. (1967), who did not. however, tre a t the  question of genesis. 
The different phases o f gonidiogenesis were observed by the  present au thors 
(1969). F u rther detads of gonidion organization arc described in th e  present 
paper.

Materia) and Method
Im m ediately before sta rting  the experim ent, /lo/z'z/d/Mzz? y/vz/z¿da/a/n entities 

in vegetative sta te  was collected from its natural hab ita t in the  flood area of
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the  Danube. The plants were placed into tap  water and ().9\t sucrose solution 
in Petri dishes, so as to  he covered hv the  liquid. The dishes were kept in d a rk ­
ness a t a tem perature  below 20°C. After light microscopic exam ination samples 
were taken  from the  various stages of gonidiogenesis and fixed for electron 
microscopic observations. The m aterial was fixed in 0.73%, 1% and 2% 
KAlnO, buffered with veronal-acetate, and in 4%  GA +  O, then dehydrated 
and em bedded in arald ite  and durcupane, respectively. Finally, it  was stained 
with uranylacetate  and leadcitrate, according to  R e y n o l d s  (1963). An 
electron microscope type KHAI — 1 (German Dem ocratic Republic) was used.

Results and Discussion

Prior to  transform ation the  vegetative p lan t can be described as follows 
( N a g y ,  .). 1966): The different organells arc arranged in a more or less lam i­
nate  p a tte rn  between the  central vacuole and the  cell wall and so there are 
zones composed p a rtly  of chrom atophores and m itochondria, {tartly of nuclei 
and m itochondria, as well as o f minor storing vacuoles; a  rich network of endo­
plasmic reticulum  can be found between them . The plant, 2 mm in diam eter, 
has m ost of its volume (4.13 mnP) filled up by the central vacuole (3.73 muF) 
and th e  0.42 mnP cytoplasm  contains cca. 2000 nuclei.

During the  developm ent of the  fructification cells a profound change takes 
place in th is arrangem ent of the organells. Accompanied by a  lively movement 
of the  cytoplasm  an essentially different struc tu re  is formed, which can be 
equally well characterized. In this stage every nucleus is surrounded by a  cer­
tain  am ount of cytoplasm  containing 3 — 4 chrom atophores, some m itochond­
ria, HR and storing vacuoles. During transform ation the entire volume of the 
coenoblast increases by cca. 30%, mainly due to the water uptake of the central 
vacuole and partly  to  the  swelling of the  cell wall. According to W e l l  s, lx. 
(1963) the  mechanical action o f this turgor may contribute to the induction of 
the  reproduction process. The large oil vacuoles are breaking up into fragm ents 
and are moving conspicuously in the stream ing cytoplasm. The full gonidiogc 
nesis takes abou t 8 — 10 hours, and m ost of this tim e is used for the rearrange­
m ent of the  organells. A t the  beginning the  organells can move freely in every 
direction, bu t this movem ent is subsequently more and more inhibited by the 
cytoplasmic vacuoles which appearing gradually in the  cytoplasm  and become 
larger. We consider the vacuoles which develop independently of the central 
vacuole as HR dilatations, in agreem ent with the findings of B r a c k e r, 
C. K. and W i 11 i a m s, C. A t . (1966) on the developm ent of the ascosporc 
(Fig. l).D u e  to  the  gradual fusion o f initially small d ilatations there arc ducts 
being formed (Fig. 2), which gradually become wider and finally the earlier 
coherent cytoplasm  layer is changed into a reticular network of cytoplasm 
strands.

Presum ably the large central vacuole rem ains until the reticular structure  
is formed, and only afte r the  form ation of the cytoplasmic strands will this 
characteristic struc tu re  cease to  exist. W ith the appearance and the fusion of 
further vesicles the  division continues in the  cytoplasm  disorderly placed next 
to  the cell wall. Actually the division goes on until the uninuclear fructification
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cells — the gonidia develop. With the he)]) of its flagella the  newly organized 
gonidiutn gets detached from th a t p a rt of the eytoptasm  where the  gonidium  
form ation is still in an earlier stage (Fig. 5). Meanwhile th e  chrom atophores 
divide in these parts o f the cytoplasm  (Fig. a) and the flagella develop. There 
is no real cell wall to  he found on the gonidiutn moving with flagella (Fig 5, 6, 7), 
hut the  intensive formation of Golgi vesicles can already be observed (Fig 8). 
The nucleus elongates tow ards the flagella in a  characteristic wav (Fig. 5). The 
flagella were found to  be of the same thickness. In agreement with F a l k ,  H. 
we th ink  th a t there is no difference between the diam eter and the  internal 
struc tu re  of the two flagella. They are sometimes covered bv fine plasm a ex ­
tensions (Fig. (1).

With the help of their flagella the gonidia cannot move longer th an  for 
80 — 45 minutes. When this tim e is over, the form ation and thickening of the  
cell wall begin on the  gonidia having lost their flagella, with an intense activ ity  
of the dictyosomes. The correlation between cell wall form ation and  Golgi 
vesicles was confirmed also by M a n t o n, I. (1!)64) on "zoospores".

We have observed th a t  the  formation of gonidia is not always accompanied 
by the developm ent of the flagella, which seems to  need light in certain phases 
of gonidiogenesis. I 'ndcr natural condition the first phase o f this process takes 
place a t night and the gonidia with flagella begin to  move a t 5 — 6 o'clock in 
the  morning. In the case of gonidiogenesis provoked under artificial conditions 
the plants must be illum inated afte r a certain period 8 — !' hours afte r beginning 
of tlie process . or else the developm ent of the flagella may not take  place. 
Fveti in this ease the cytoplasm  undergoes a fragm entation down to  the  goni- 
dion units — th e s e  called "P fla s tc rs te in ' stage — b u t then the moving stage 
is passed over, and the developm ent and thickening of the  cell wall begin 
immcdiatcHy after the fragm entation on the gonidia which rem ain together 
(Figs 4. !!).

Having lost its flagella and limited by a thickening cell wall, the  motionless 
spore (Figs II. 18) accum ulates very much reserve m aterial w ithout causing 
any change in the num ber and the internal struc tu re  of the different organells. 
The tubu lar struc tu re  o f the m itochondria, the dimension of the  chrom ato 
phorcs and the dictyosomes remain unchanged. Protein storage seems to  take 
place by means of ribosomes, since they  can be found in a  conspicuous q uan tity  
in the  cytoplasm , in the nucleolus and along the  interna) nucleus m em brane 
(Fig. 10).

Summary

Electron microscopic studies have been carried out on the  main morfologic- 
al phases of gonidiogenesis on grnaa/ab//a. The d ila ta tion  of the
endoplasmic reticulum  was found to  play the main role in the  fragm entation 
of cytoplasm. The gonidia which move with flagella have no cell walls; cell wall 
synthesis begins only later in motionless gonidia. The Golgi vesicles contri­
bu te  intensely to  this synthesis. The thick-w alled apianogonidia contain not 
only fat and oil vacuoles bu t also a conspicuous am ount of ribosomes.
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