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Abstract. The method of cultivation of algae on the surface of solid medium under regulated 
conditions was used for studying the influence of light on the autosporc number with three 
strains of chlorococcal algae: Scenedesmus quadricauda, Scenedesmus obliquus and Chlorella 
kessleri. The results of these experiments show that not only light but the type of medium as 
well, exert a very important influence upon both nuclear and cell division and the whole course 
of the life cycle of algal cells. The number of autospores produced by single cells can be as- 
certained reliably on the surface of the solid medium. Owing to this fact the relations in cellular 
populations can be expressed with greater precision in comparison with the evaluation of cultures 
in liquid media. 

T h e  r e p r o d u c t i o n  of  algae is a sub jec t  of  m a n y  algological  s tudies.  Dif-  
f e r en t  t y p e s  of  r e p r o d u c t i o n  wi th  va r ious  species of  a lgae a n d  condi t ions,  
induc ing  or b locking  the  gene ra t ion  process,  e v e n t u a l l y  enhanc ing  or r e t a r d -  
ing i ts  course,  were  s tudied .  R e l a t i v e l y  l i t t le  a t t e n t i o n  was  ded ica ted  (evi- 
den t l y  for  t echn ica l  reasons)  to  the  influence of  di f ferent  e n v i r o n m e n t a l  
f ac to r s  on the  n u m b e r  of  au to spo re s  p r o d u c e d  wi th  ehlorococcal  algae. I t  
fol lows f r o m  the  col lect ive a n d  genera l  works  of  r ecen t  yea r s  (En~E~ 1962, 
ETTL a n d  al. 1967) t h a t  f u r t h e r  works  concern ing  th is  p r o b l e m  are needed.  
The  cont ro l  of  the  gene ra t i on  process  of  a lgae b y  cu l t iva t ion  condi t ions  is 
one of  the  first  t a sks  of  the  work ing  t e a m s  engaged  in the  cu l t iva t ion  of 
a lgae on a large scale. This  is the  r eason  for  more  de ta i led  s tudies  ded ica ted  
to  algal  s t ra ins  su i t ab le  for  these  pu rposes  (e.g. Chlorella - -  Mo~I~uRA 1959, 
TA~IYA 1964, TA~IYA 1966). T h e y  concern  p r e d o m i n a n t l y  synch ronous  
cul tures .  TA~IYA (1964) m e n t i o n s  some  fac to r s  inf luencing the  n u m b e r  of  
au tospores  p r o d u c e d  b y  Chlorella.  T.~MIYA (1966) gives a s u r v e y  of the  
au tospo re  n u m b e r  to  which  the  cells of  some  chlorococcal  a lgae divide under  
t he  g iven  cu l t i va t ion  p a r a m e t e r s .  As to  S c e n e d e s m u s  quadr icauda ,  the  in- 
f luence of  l ight  a n d  cu l t iva t ion  t e m p e r a t u r e  on the  n u m b e r  of  p roduced  
au tospores  in l iquid  m e d i u m  was  ver if ied b y  K o ~ X ~ x  and  RffgI~xA 1969 
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in our laboratory. The influence of anomalous nutrient  relations in medium 
was confirmed by Pf~n~iL and MA~vA~ (in press). 

I t  has been found in some of our experiments with mutagens tha t  the 
cultivation of algae on solid media can be successful for these studies. This 
fact is shown by an experiment demonstrating the influence of light on the 
number of produced autospores with three strains of chlorococeal algae in 
this paper. 

Material and Methods 

Material and Cultivation Technique 

The following strains of chlorococcal algae were studied and compared: 
Scenedesmus quadricauda strain GI~EIFSWALD/15 and Scenedesmus obli- 
quus L~OTSX~ (both strains from our laboratory collection) and Chlorella 
l~essleri strain LA~G-1 (from the collection of the Laboratory of radiation 
genetics, Inst i tute  of general genetics of Acad. Sci. of USSR in Moscow). 
Cultures of these strains were pre-cultivated under sterile conditions in 
cultivation flasks placed on a shaker at  25 ~ in light of lower intensity than  
the lowest value used in the experiment (about 4 W/me). The cultures were 
then inoculated onto the surface of solid medium in Petri  dishes. 

Cultivation Medium 

Two percent agar with mineral nutri t ion according to BjSrkman modified 
by KO~AREK and I ~ I 6 K A  (1969) was used as a solid cultivation medium. 
Yeast autolysate and glucose were added to the solid medium of experi- 
mental variants with complete solid medium. The cells (eoenobia) were 
distributed on the surface of the medium in a way enabling a reliable count 
of the number of autospores from one mother cell. Not only the whole 
experiments were repeated, but  the new distribution of single cells was 
performed twice or three times, always after one or two life cycles. 

Evaluation of the Results 

The responses of the cellular populations under the given cultivation 
conditions were expressed by frequencies of cell divisions to 8 or 4 auto- 
spores. Other autospore numbers from one mother cell were relatively less 
frequent in the cultivation conditions used and therefore they  were not 
involved in the evaluation. The Petri  dishes were placed on a cultivation 
shelf at  three illumination levels given by distances from the lighting source: 
15, 10 and 7 W/m ~, and at  a temperature of 28 ~ to 30 ~ Another variant  was 
placed in an incubator in darkness at  a temperature of 30 ~ 

Results and Discussion 

The method of cultivation on the surface of solid medium is very suitable 
for evaluating the influence of different environmental factors on the number 
of autospores into which the cells of chlorococcal algae divide in the gene- 
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ration phase of their life cycle. This method provides a precise picture of 
the population of cells growing under given conditions and makes possible 
the expression of its state by frequencies of types distinguishable in the 
given population and its characterisation by generally comparable values. 
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Fig. 1. Percentual  frequencies of the four autosporous (4) and  eight autosporous (8) cell div- 
isions in l ight  15 W/ m  ~" ~ and  in darkness JllllllJ with  three strains of chlorococcal algae 
(minimal medium). 

The average number of autospores corresponding to the number of cell 
doublings in liquid medium is usually given in synchronous populations by 
the alternation of cell number in volume unit after one or more life cycles. 
But  its determination is often subject to greater methodological fault. The 
frequencies of single division types cannot be found in this way. The per- 
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Fig. 2. The dependence of the  mutua l  relat ion 
of percentual frequencies of four autosporous 
cell divisions (full marks) and  eight auto- 
sporous cell divisions (empty marks) on the  in- 
tens i ty  of light. The first cell division (full line), 
the  second life cycle (dotted line), the  th i rd  
life cycle (dashed line). (The lines did not  chan- 
ge their  position significantly in fur ther  life cyc- 
les.) 
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centual frequencies of the cell division to 4 and 8 autospores with the strains 
studied at given conditions are shown in Fig. 1. Their mutual  relation 
characterizes the strain and shows that  light enhances the frequencies of cell 
division to 8 autospores. Chlorella is the most sensitive strain from this 
point of view. The cells of Scenedesmus obliquus respond more sensitively to 
light than the cells of Scenedesmus quadricauda. This fact is proved by  the 
results given in Fig. 2A. This diagram also shows a certain adaptat ion of the 
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Fig. 3. Percentage frequencies of the  four autosporous (4) and eight autosporous (8) cell div- 
isions a t  the  l ight intensi ty of 15 W/ m  2 [-~ and  in darkness l llLIII with  two s trains  of chlorococcal 
algae o n  complete medium (F) and  on minimal  medium (M). 

population to the given conditions. With Chlorella (Fig. 2B) the dependence 
of  this f requency relation of both  division types  on the light intensity is 
not  very  expressive. I t  is due, to a certain degree, to the enhancement of 
division frequencies to 16 autospores at the increased illumination inten- 
sities. Nevertheless, strain differences can be presupposed. The necessity of 
more detailed studies of the influence of light on the nuclear and cellular 
division of algal cells is evident. As some experiments were carried out  on 
complete medium as well, it is possible to see in Fig. 3 the interaction in- 
fluence of medium with light. I t  follows from this fact, tha t  organic nutrition 
enhances the division frequencies to a higher autospore number.  

The number  of autospores into which the cells of chlorococcal algae divide 
is based on the relation between the nuclear and cellular division. Both 
processes are temporary  and functionally linked together bu t  their mutual  
rate is determined by  different conditions. I f  it is nuclear division only which 
is re tarded by  some factor, bu t  the protoplast  can divide into as many cells 
as nuclei which arise, the number  of autospores produced by  a cell can be 
reduced to two in the extreme case. On the contrary the protoplast  divides 
into as many autospores as nuclei which could arise in a given time, if it is 
the protoplast  division tha t  plays the deciding role. I t  is evident  tha t  there 
is only the question of a mutual  temporary  shift of successive nuclear di- 
vision and more or less simultaneous cell division, as it is the case with 
Scenedesmus quadricauda. Greater at tention must  be paid to the metabolic 
side of both processes. Nuclear division necessitates an intensive biosyn- 
thesis of other materials than are involved in division of the protoplast.  
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But, it is difficult to presuppose, tha t  it is the metabolic side of both 
processes only, tha t  can explain the whole process of nuclear and cellular 
division. 
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Metoda kultivace ?as na povrchu pevn~ho agarov6ho m6dia ms urSit6 vffhody vzhledem ke 
kultivaci v tekut6m m~diu p?i studiu vlivu rdzn:~ch faktord na poser autospor, na n~i~i se rozd~li 
buflky chlorokok~lnich ~as. Touto metodou jsem studoval vliv svStla u tH kmenfi: Scenedesmus 
quadrivauda, Scenedesmus obliquus a Chlorella kessleri. Uveden~ vs~sledky ukazujl, ~e nejen 
sv6tlo, ale tak6 typ  m6dia so v~znamn6 uplatflujl v p•sobenf na jadern6 i bun65n6 di~lenf a col# 
prflbith ~ivotnfho cyklu bun~ik ~as. PoSer autospor, na n~i so jednotliv6 buhky diilf, je me ,no  
urSit pHms~m pozorovs na povrchu pevn6ho m6dia. Frekvonce jednotliv~ch typfi d/tleni 
v buniiSn:~eh populaefch mohou b ~  takto zji~t~ny. V tekut#ch m6diieh nejsou toeing pHms 
pozorovgni v takov6m rozsahu. 


