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1. INTRODUCTION

It is know n th a t the South Japan  Sea is the n a tu ra l environm ent oí the  
unicellu lar alga A cetabularia  calyculus. For cu ltivation  under artificial 
conditions the E rdschreiberlösung (ESL) w ith  n a tu ra l sea-w ater as 
described by H äm m erling [8] has been used in  principle, for th e  Ace
tabu la ria  species. The exceptional usefulness of th is algae for various 
biochem ical and biophysical investigations w as the reason for its expe
rim en ta l cultivation in labora to ry  conditions w ithout the addition of 
sea-w ater. There have been num erous investigations on d ifferen t com
position of sea-w ater review  by Hood [9] and Ukeles [18], which 
indicated a g rea t num ber of com pounds in  various concentrations. This 
re fe rs  p a rticu la rly  to organic compounds. Besides sea-w ater, soil ex trac t 
has also been in troduced to the com position of the m edium  used so far.

L a teu r and B onotto [10] found th a t the chem ical composition of soil 
ex trac ts  differed for various types of soils. Since it is know n th a t sea- 
-w ater m ay contain various am ounts of organic compounds and also th a t 
the chemical com position of soil ex trac ts  is no t constant, investigations 
w ere carried  out to  compose a com pletely artificia l m edium  for the 
cultivation of A cetabularia . The sea-w ater was replaced by aqueous 
solutions containing d iffe ren t sa lts  in various ratios [2, 17]. Provasoli [12] 
recom m ended th a t vitam ins be added to the m edium  instead of the soil 
ex trac t previously used. It was also dem onstra ted  by B etina [2], th a t 
algae cu ltu res on m edia containing vitam ins w ere less exposed to 
infections than  those cu ltivated  on m edia w ith  soil ex trac t alone.

This paper p resen ts cu ltivation  conditions of A cetabularia  calyçulus 
on artificia l m edia under labora to ry  conditions.
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2. M ATERIAL AND METHODS

The original cu ltu re  of A cetabularia  calyculus was taken  from  the 
collection of the T im iryazev In stitu te  of P lan t Physiology in Moscow 
in 1976 (gift of prof. K efeli W.) in a cu ltu re  m edium  containing sea- 
-w ater and ESL and kep t for the firs t period under conditions described 
by L a teu r and Bonotto [10]. A fter a  few  weeks, several cells w ere 
tran sfe rred  to conditions described by th ree  varian ts  of artificia l cu lture  
m edium , th ree  various tem pera tu res  22°, 24° and 30°C and tw o varian ts 
of light: a) artificia l glow lam p type: D aylight 1269, 40 W w ith  an 
in tensity  of about 1300 L x and b) n a tu ra l daylight.

Each of the  analyzed m edia contained d ifferen t salt m ix tu res en 
riched w ith  vitam ins, as shown in Table 1. x

Table 1. Concentration of macroelements and microelements mol/1000 ml in the various 
artificial culture media
Tab. 1. Stężenie mikroelementów i makroelementów w mol/1000 ml w poszczególnych 
pożywkach stosowanych w hodowli
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NaCl 0.4137 A 0.4191 A . 0.5710 A
Na2SOj 0.0281 A — —

KC1 0.0027 A 0.0093 A 0.0119 A
N aH C 0 3 0.0023 A 0.0023 A 0.0028 A
KBr 0.0008 A — —

H3BO3 0.0004 A - —

SrCl3 0.0001 A — —

NaF 0.00007 A - —

K N O 3 0.0019 A — —

k 2 h p o 4 0.00005 A — —

MgCl2 -6H20 0.2470 B 0.0257 A 0.0321 A
M gS04 -7H20 - 0,0182 A 0.0231 A
CaCl2 0.0090 B 0.0130 B 0.0650 B
N a 2 H P 0 4 0.0281 D 0.0281 D 0.0281 D
NaNOs 0.2352 D 0.2352 D 0.2352 D
FeS0 4 -(NH 4 )2 -6H20 0.0035 C 0.0035 C 0.0035 C
ZnS0 4 -7H20 0.0015 C 0.0015 C 0.0015 C
M nS04 H20 0.0009 C 0.0009 C 0.0009 C
CuS 0 4-5H20 0.00012 C 0.00012 C 0.00012 C
CoS 0 4-7H20 0.00017 C 0.00017 C 0.00017 C
(NH4)6Mo70 24-4H20 0.00005 C 0.00005 C 0.00005 C
EDTA-Na 0.0099 C 0.0099 C 0.0099 C
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To prepare  the m edia only reagen ts of pro analysis p u rity  w ere used.
Each of the described m edia was composed of four solutions labelled 

A, B, C and D w hich w ere separa te ly  sterilized for from  40 to 50 m inutes 
under atm ospheric pressure.

A fter sterilizing and cooling, the  particu la r p a rts  w ere m ixed adding 
10 m l of the  B, C and D solutions to  m edia Nos. 1 and 2 or adding 
62.5 m l of B solution, 12.5 ml of C and 7.5 ml of D solution to m edium  
No. 3.

In  all these m edia the soil ex trac t was rep laced  by vitam ins: 0.3 mg/ 
/1000 ml of v itam in  B 1 and 0.012 mg/1000 ml of B12 w ere added. For 
fu rth e r experim ental cultivation 300 cells about 1 cm in leng th  w ere 
placed in each flask containing 100 ml of m edium . Every th ree  weeks 
the cells w ere tran sp lan ted  into a fresh  m edium  w here the algae num ber 
in the cu ltivation  flasks was sim ultaneously decreased. 300 cells about 
1 - 3 cm in length  and from  50 to  70 pieces of over 3 cm w ere kep t in 
each flask.

3. RESULTS

Sum m arizing the  investigations described, it can be sta ted  th a t proper 
m edium  and light in tensity  have an im portan t influence on the grow th 
and developm ent of the A cetabularia calyculus cells, while tem pera tu re

Table 2. The cap formation of Acetabularia calyculus depending on conditions of culture 
in artificial media
Tab. 2. Formowanie kapelusza u Acetabularia calyculus w zależności od rodzaju pożywki 
i warunków hodowli

Cultivation conditions 
Warunki hodowli

Time necessary for cap formation
Czas niezbędny do uformowania kapelusza

Medium No. 1 14 months
Podłoże Nr 1 14 miesięcy
Medium No. 2 14 months
Podłoże Nr 2 14 miesięcy
Medium No. 3 5 - 8  months
Podłoże Nr 3 5 - 8  miesięcy
Illumination 1300 Lx 6 - 7  months
Oświetlenie 1300 Lx 6 - 7  miesięcy
Day light spring-summer 5 - 6  months

wiosna-lato 5 - 6  miesięcy
Światło dzienne autumn-winter 7 - 8  months

jesień zima 7 - 8  miesięcy
Temperature 22 C, 24“C no measurable effects
Temperatura 22°C, 24°C efekt niemierzalny
Temperature 30°C destructive effect
Temperatura 30°C efekt destrukcyjny
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varia tions 22° to 24°C, i.e. by ± 2 °C  do not. A tem p era tu re  of over 
30°C has a destructive  influence on the  cells, causing changes in colour, 
loss of whorls, or inh ib ition  of fo rm ation  (Table 2). A eetabu laria  caly- 
cu lus cells grow ing on m edia Nos. 7 and 2 a tta in ed  the  m atu re  form  
a fte r  the com plete biologic cycle in 14 m onths, bu t a g rea t num ber of 
cells cu ltivated  on these m edia a tta ined  the w horl stage only. D ifferences 
betw een cells cu ltivated  on d ifferen t m edia are  not visible during  the 
firs t m onths of developm ent, bu t some differences can be observed 
when A eetabularia  calyculus cells fo rm  whorls.

Cells cu ltivated  on m edia Nos. 1 and 2 frequen tly  do no t a tta in  the 
succeeding stad ium  of developm ent. A eetabularia  calyculus grow ing on 
modified m edium  No. 3 goes th rough  all stages of developm ent of its 
biological cycle. The described s tra in  of A eetabularia  calyculus a tta ins 
m ature  form  a fte r 5 - 8  m onths, as show n in Table 2.

4. DISCUSSION

An insufficient supply  of lite ra tu re  on A eetabularia  calyculus cultivation 
was the reason for choosing the optim um  m edium  used for A eetabularia 
m editerránea, as the cultivation m edium  in the experim ents described. 
This resu lted  from  the fact th a t both species are  m orphologically and 
biochem ically sim ilar.

The developm ent of A eetabularia  m ed iterránea  and A eetabularia 
calyculus is know n to proceed in 13 stages under labora to ry  conditions. 
Full and com plete grow th  of A eetabu laria  m ed iterránea  cells cultivated  
on m edia Nos. 1 and 2 can be obtained in 6 - 8  m onths. Our resu lts  
dem onstrated  th a t the  optim al m edia used for A eetabularia  m editerránea  
w ere unsu itab le  for the grow th  and developm ent of A eetabularia  caly
culus cells.

Investigations of the optim al m edia for cu ltivation  of A eetabularia  
calyculus cells w ere therefore  necessary. A fter several unsatisfactory  
resu lts  obtained on o ther m edia the  cultivation of A eetabularia calyculus 
on m odified m edium  No. 3 was undertaken , w here the cells a tta ined  all 
stages of developm ent. The biological cycle of A eetabularia  calyculus, 
how ever, is sligh tly  longer as com pared w ith  A eetabularia  m editerránea, 
taking 9 to  10 m onths.

B etw een the 3 - 4 th  m onth  A eetabularia  calyculus form s w horls on 
the  stalk . The reproductive cap as a generative organ is the nex t form  
of developm ent in  both cases. The m atu re  cap of A eetabularia  calyculus 
is rad ial, bu t its rays are not connected on the  periphery  as in the case 
of A eetabularia  m editerránea. As the  grow th  and developm ent of the 
algae on modified m edium  No. 3 was satisfactory, close analyses and
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com parison of all g row th  stages on m edia Nos. 1 and 2 w ere also carried 
out.

Com parison of th e  salt concentration of p articu la r m edia shows th a t 
m odified m edium  No. 3 has a h igher concentration of m acroelem ents. 
The m odified m edium  contained m ore K+, N a+, Ca++ and M g++ ions. 
This was based on the  know ledge th a t direct inherence of N a+ ions in 
glucose transm ission  has been observed [11]. On the  o ther hand, the 
flow  of K + and Cl-  ions to vacuoles, as w ell as the  outflow  of N a+ 
cations is possible owing to  the transm ission system s. These transm ission 
system s depend on light [7]. H ow ever, the transm ission of K + and C l-  
to the  cell is m ore active th an  th a t of N a+. The inherence of M g+ + 
ions on th e  inner surface of the  m em brane is im perative for the 
effective operation of the  transm ission system . ATP-ase activ ity  is 
stim ula ted  by K + ions on the  ou ter m em brane surface and N a+ ions on 
the  inner surface [11]. I t  is presum ed th a t these ions are  needed to 
ensure p roper activ ity  of A cetabularia  calyculus transm ission system . 
The operation of the Cl-  transm ission system  depends e ither on the  full 
photosynthetic chain of electron tran sfe r induced by light or the  full 
transm ission of electrons in m itochondria operating in the  d a rk  [7],

HCO^ flow  investigations in  the  cell also indicate the  occurrence of 
b icarbonate  pum p, owing to w hich N C 0 3" is assim ilated. T herefore, as 
advised by Puiseux-D ao [14], L a teu r and B onotto [10], exchange of 
m edium  every  3 - 4  w eeks is necessary. The frequen t rep lacem ent of 
m edia ensures new  ion and v itam ins proportions and regu la tes the 
exchange of gases in the  culture.

The influence of light on  A cetabularia species has been studied  by 
m any authors: Dao [6], R ich ter [15], Clauss [3, 4, 5], R id ite r  and K irsch- 
tein  [16], Despite the influence on photosynthesis, ligh t in tensity  can 
have a direct effect on the  g row th  of algae. I t  was show n [5], for 
exam ple, th a t the s ta lk  grow th  is prom oted by low er ligh t in tensity .

A cetabularia  calyculus exposed to low light in tensity  or cu ltivated  
in the  da rk  for a certa in  period is m ore ex tended  and has a pale green 
stalk.

W hen, during cultivation of A cetabularia  calyculus, param eters  given 
by Puiseux-D ao [13, 14] w ere applied, norm al cell g row th  was attained.

Irrad ia tion  of cells by sunlight in spring-sum m er m onth  speeded 
up cap form ation  by one m onth. The caps w ere larger and greener, 
w hereas daylight alone adm inistered  on cells in au tum n and w in ter gave 
no satisfactory  resu lts, the cap being form ed, as com pared w ith  a light 
in tensity  of 1300 Lx, one m onth  later. Algae exposed to th is light, form  
m ore ex tended  and sligh tly  coloured stalks. It is know n th a t active K + 
and Cl~ ion transm ission to cells depends on light, the  observed effect 
m ay be the resu lt of low ligh t in tensity  in these m onths.

It m ust be kep t in m ind th a t it is very  im portan t th a t the  optim al
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tem pera tu re  should be determ ined  for vegetative organism s — the m ost 
favourable for long-term  cultivation, and it is therefo re  probable A ceta- 
bularia  species which orig inates from  w arm  seas grows slowly.

On the  o ther hand  according to  B etina [2] and B onotto [1] the 
optim um  tem p era tu re  for A cetabu laria  m ed ite rránea  is 20 - 22°C. It was 
found th a t varia tions of tem p era tu re  betw een 2 2 -2 4 °C , i.e. by ± 2 cC 
do not influence the  cell grow th.

In both cases the  algae develop stead ily  and form  the reproductive 
cap. A tem p era tu re  of 30°C has a destructive influence on the cells, 
algae exposed to  th is tem p era tu re  lose th e ir p igm entation  and become 
pale  yellow  in 2 -3 weeks. The form ation  of w horls stops under these 
conditions. The colour change suggests the  p igm ent varia tion  in the 
chloroplasts, w hich affects the  photosynthetic  process. The sm all am ount 
of glucose arising in such pho tosynthetic  processes m ay h inder the  p lan t 
in form ing whorls. Basing on observations and according to our investi
gations, we have found th a t in order to  receive a new  A cetabularia 
calyculus generation, p roper ion concentrations m ust be m ain tained  in 
the cu ltivation  m edium  th roughou t alm ost the  whole cycle and th a t the 
application of p roper light in tensity  is one of the  m ajor factors leading 
to the  form ation of the reproductive cap.

Agata BARTKIEW ICZ, Tadeusz W ILCZOK .
Śląska Akademia Medyczna 
Instytut Chemii i Fizyki — Sosnowiec

HODOW LA ACETABULARIA CALYCULUS NA SZTUCZNEJ 
POŻYWCE

Streszczenie

Wykazano, że Acetabularia calyculus może być hodowana w  całkowicie sztucznych  
warunkach bez ekstraktu z ziemi i bez naturalnej wody morskiej na następującej
pożywce:
A. NaCl — 33.12 g; MgCl2 • 6H20  — 6.5 g; M gS04 • 7H20  — 5.7 g; KC1 — 0.887 g; 

NaHCOj — 0.241 g; woda destylowana — 1000 ml.
B. CaCl2 — 7.15 g; woda destylowana — 1000 ml.
C. F eS 0 4(NH4)2S 0 4 • 6H20  — 1.4 g; ZnSC>4 • 7H20  — 0.44 g; M nS04 • HzO — 0.155 g; 

CuS 0 4 -7H 20  — 0.031 g; C oS04 -7H20  — 0.048 g; (NH4)6 • Mo, • C>24 ■ 4H ,0  —
0.064 g; EDTA-Na — 3.7 g; woda destylowana — 1000 ml,

D. Na2H P 04 — 4 g; NaNOs — 20 g; woda destylowana — 1000 ml, w itam iny Bx 
i B 12'

Glony hodowano w  kolbach Erlenmayera o objętości 500 i 1000 ccm w 22 -



Cultivation of Acetabularia calyculus 41

- 24°C w  św ietle o intensywności 1300 lux. Te warunki pozwalają na normalny roz
wój glonów, których cykl biologiczny trwa od 9' do 10 miesięcy.

Rozwój głównych morfotycznych struktur jest następujący: formowanie ryzoidu
— 1 miesiąc, wzrost łodygi do 3 m iesięcy, form owanie okółków między 4 a 7 m ie
siącem, form owanie kapelusza 7 - 8  miesiąc, dojrzewanie kapelusza 1 do 2 m iesięcy.
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