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ABSTRACT 

-The Prasinophyceae Tetraselmis suecica Butcher, was cu l t iva ted  
a t  a densi ty of 2 t o  3 mi l l ion  c e l l s  per m l  and was concentrated 
wi th  a decanting cent r i fuga1 e x t r a c t o r  a t  1 m3/hr flow. The samples, 

6 obtained i n  t h e  form of a pas te ,  were d i l u t e d  t o  50 x 10 c e l l s  per 
m l  and mixed with two cryoprotect ive agents  such a s  g lycerol  (10, 20, 
30%) and dimethyl sulfoxide (DMSO, 5, 10, 15%), then frozen and 
s tored  a t  -25 C. 

Af ter  a 1 month period,  r e s u l t s  by decreasing order of v i a b i l i t y  
a r e  a s  follows: g lycerol ,  lm, 20%, DMSO 15%, g lyce ro l  10%, a 
s t a r t i n g  cu l tu re  of 0.69 x 106 c e l l s  per m l  i n  500 m l  sea water 
enriched with Conway s tock so lu t ion  reached 5.49 x 106 c e l l s  per m l  
cu l tu re  a t  t h e  end of 4 days. 

The aim of these experiments was t o  ob ta in  a good conservation 
of phytof lagel la te  "master cul tures"  and t o  s t o r e  seed cu l tu res  s o  
t h a t  they could be d i s t r i b u t e d  t o  " f i e ld  hatcheries",  e l iminat ing  
the  need f o r  them t o  produce t h e i r  own seed c u l t u r e s  which must be 
voluminous i n  order t o  obta in  the  rapid  and e f f i c i e n t  growth of the  
necessary large  volume cu l tu res .  - 

INTRODUCTION 

This research  on t h e  v i a b i l i t y  of a marine phytof l a g e l l a t e  is 
the  r e s u l t  of the increasing requirements a t  the  h e a r t  of t h e  aqua- 
c u l t u r e  research  unit., A t  f i r s t ,  w e  thought it f i t  t o  p r d u c e  a 
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basic  phytoplanktonic food of which the  principal  a lga  was Platy- 
monas suecica,  Kyiin (Tetraselmis succica, Butcher) (Parke and Dixon, - 
1968). This food gave aood r e s u l t s  i n  grawth of herbivores such as  
oysters  o r  abafone-and a1s.o with ~ rach iomis  p l i c a t i l i s  and Artemia 
s a l i na ,  these  two species being used a s  the  basic food for shrimp 
and f i s h  larvae. With increasing requirements, the  un i t  had t o  pro- 
duce. much more of t h i s  alga;  

6 The handling of many m3 per &y, with a t  l eas t  10 c e l l s  par 
m l ,  obliged us t o  t ack le  the technology fo r  concentrating t h i s  
species. This problem was resolved with a decanting centrifuga1 
extractor .  With t h i s  method, i n  the bes t  periods of the year, the 
un i t  produced many possible concentrates of the cu l tu re  up t o  and 
including paste f orm. 

Storage of surplus algae paste required freezing. Since t e s t s  
shwed t h i s  paste t o  be viable  a s  seed cul ture  mater ia l ,  t e s t s  were 
conducted t o  determine t he  v i a b i l i t y  of t he  paste cu l tu re  a f t e r  
freezing. The study had two aims: 1) improving storage of "master 
cul tures t t  (Holm-Hansen, 1973) t o  el iminate the harmful e f f ec t s  of 
h a d l i n g ,  and 2) u t i l i z i n g  the  frozen and thawed samples a s  seed 
cul tures  t o  produce large  volume cul tures  suf f ic ien t  for feeding pur- 
poses, el iminating the  need for  breeding enterpr ises  t o  prepare 
t h e i r  cnm large  volume seed cu l tu res .  

Studies on the  survival  of freshwater a lga l  cu l tu res ,  with 
experiments on f l age l la tes  (Hwang and Honneland, 1965), and studies 
on algae from the  Antarctic (Holm-Hansen, 4963) show t h a t  cryopro- 
t e c t i ve  agents a re  very useful  i n  decreasing ce11 mortal i ty during 
f reezing and thawing . 

MATERIALS AND METHODS 

Preparation of Samples 

.We s t a r t e d  from new concentrated c e l l s  a t  20 C i n  f resh past  

5 
3 obtained a t  3000 revolutions a minu e and a t  the flow r a t e  of 1 m 

per hour and resuspended t o  50 n 10 cells/ml %n 20 C sea water. 

Two cryoprotective agents were mixed with the samples a t  va r i -  
ous concentrations: glycerol  a t  la, 20X and 3 a  and dimethyl 
sulfoxide (DMSO) a t  52, 10X and 15% (Table 1).  

6 
Each 10 m l  sample contained approximately 5 x 10 c e l l s .  The 

container used f o r  storage was a 50 m l  p l a s t i c  box. The time 
required f o r  preparation of t h i s  sample £rom the cu l tu re  before 
concentration was about 30 minutes. 

Freezing and Thawing 

The samples were put i n  a f reezing chamber a t  -25 C and stored 



i n  t h i s  place without control led  cooling. Af te r  being frozen fo r  
5 ,  11, 25 and 32 days, samples of the  frozen mater ia l  were slowly 
thawed a t  20 C. 

The S t a r t i n g  Culture 

After  t h e  thawing of each recovered sample, 5 mlwere  resus-  
pended i n  500 m l  of sea water wi th  0.5 m l  Conway s tock so lu t ion  
(Walne, 1966) i n  a l i t e r  f l a t  g lass  f l a s k ,  previously s t e r i l i z e d .  
Vitamins were supplied a f t e r  s t e r i l i z a t i o n .  The number of c e l l s  a t  
the  s t a r t i n g  point var ied  with the concentrat ion of the  protec t ive  
agent. Cultures were s t i r r e d  by ae ra t ion  ( a i r  + 1% CO2). 

Determination of V i a b i l i t y  

V i a b i l i t y  was determined by the  t o t a l  ce11 counts per m l  a f t e r  
2 t o  4 hours, 48 t o  52 hours, and 72 t o  77 hours. An est imation of 
t h e  m o t i l i t y  and the mi to t i c  a c t i v i t y  was determined by an a r b i t r a r y  
sca  l e  (Table 1). 

RESULTS 

Ce11 counts from samples frozen for  5 ,  11, 25, and 32 days a r e  
presented i n  Table 1 (e r ro r  f 12%). Records of the  population 
l eve l s  a f t e r  incubation a t  various i n t e r v a l s  a r e  a l s o  included wi th  
a s c a l e  of c e l l u l a r  m o t i l i t y  and mi to t i c  a c t i v i t y .  

The bes t  r e s u l t s  were obtained ( i n  decreasing order of v i a b i l -  
i t y )  with g lycerol  la, 20%, DMSO 15%, glycerol  30%, DMSO IO%, 5%. 

DISCUSSION 

The choice of f reezing temperature was due t o  the  f a c t  t h a t  w e  
noted a c e r t a i n  l i v e l i n e s s  i n  the  c e l l s  a f t e r  24 hours of -25 C 
f reezing desp i t e  the lack of a cryoprotect ive agent ,  which suggested 
the  res i s t ance  of t h i s  species  t o  the  cold. For t h i s  reason, and 
i n  order t o  simplify the  operat ions,  a regular  f r eeze r  seemed the 
mos t pract  i c a l  . 

I n  f a c t ,  the  conservation of a paste which w ' i l l  l a t e r  be d i l u -  
ted  i n  60 t o  80 liters of water needs space (0.5 t o  1 l i t e r )  but 
not too  long a time of conservation. I n  t h i s  case i t  would be 
d i f f i c u l t  and expensive t o  maintain containers of l iqu id  n i t rogen 
(-160 t o  -196 C) i n  order t o  al low the conservation of voluminous 
samp l e  S. 

V i a b i l i t y  a s  indica ted  by m o t i l i t y  and mi to t i c  a c t i v i t y  was 
high with the protec t ive  agent ,  g lycerol  10% and 20%. When t h i s  
agent was used, more than 2m of moti le  and d iv id ing  c e l l s  were 



noted a t  72 hours a f t e r  thaving without apparent d i f ferences  with 
regard t o  the duration of freezing. On t he  other hand, w e  observed 
a de te r io ra t ion  of v i a b i l i t y  with respect  t o  duration of f reezing 
when DMSO was used a s  the protect ive  agent. 

After  a week of freezing,  there appeare t o  be a delay of 24 
hours before the c e l l s  become motile. 

It i s  d i f f i c u l t  t o  get great  preciaion i n  the  determination of 
the index of mot i l i ty .  Nevertheless t h i s  index gives an indicat ion 
of the evolution of the cul ture .  The e r r o r  on the other da te ,  with 
s ing le  and dividing c e l l s ,  is about 12% (determined from three  ce11 
counts) . 

The ce11 counts presented i n  Table 1 were soaietimes lawer a t  
48 hours than a t  2 hours when the  cu l tu re  s ta r ted  badly. This d i f -  
ference was due t o  the e r ror  and t o  t he  f a c t  that  the c e l l s  s e t t l e d  
i n  t he  f lasks .  It is  d i f f i c u l t  t o  know exactly how many c e l l s  are  
k i l l ed  by freezing and t o  determine t he  portions of the  mult iplica- 
t i o n  which came from old c e l l s  and £rom new ce l l s .  

Nevertheless i n  the case of DMSO 1599 and 10% and a l so  sometimes 
glyceroi  20%, we observed cu l tu res  with a good concentration of c e l l s  
a t  72 hours but which contained mariy packets of dead c e l l s  without 
f l age l lae .  I n  t h i s  case, the cul ture  was not su i tab le  to  be used a s  
a seed cul ture .  This i ne f f i c i en t  cu l tu re  i s  the r e s u l t  of a bad 
protection. It i s  probable t ha t  we can ge t  be t te r  r e s u l t s  with a 
freezing temperature around -40 C and storage a t  -25 C. 

It seems obvious t ha t  t h i s  species of high nu t r i t i ve  qua l i ty ,  
when protected by a 10% concentration of glycerol ,  i s  able t o  l ive ,  
t o  move, and t o  multiply a f t e r  thawing a t  a constant temperature 
(20 C) , having been frozen and stored fo r  a t  l eas t  1 month a t  -25 C.  

We must now t r y  t o  improve the e r e s u l t s  i n  order t o  inoculate 8 volumes of 60-80 l i t e r s  a t  0.5 x 10 c e l l s  per m l  i n  order t o  obtain 
a cul ture  of 2 x 106 c e l l s  per m l  i n  3-4 days. 

Once t h i s  stage has been reached, it w i l l  be feas ib le  t o  s to re  
t h e  seed cul tures  protected by a cryoprotective agent and d i s t r i bu t e  
them within a month's time t o  f i e l d  hatcheries or breeding enter-  
pr ises  which are not able  t o  use anything except f l a g e l l a t e  algae 
such a s  - P. suecica. 
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.rable 1. - v l a b l l i t y  of Platymonas suecica a t t e r  f reezing 

Time of f reezing i n  days 
Hours of 5 11 25 32 

Cryoprotective r e s t a r t e d  
agents c u l t u r e  x N 6  10 M MA x 1 0  M MA x 1 0  H MA N 6  M x 1 0  

2  
Glycerol 20 4 8 

% 7 2  

DMSO 
% 

N x  106 = Number 6f c e l l s  x  10 
6  

M = Mot i l i ty  
MA = Mitot ic  a c t i v i t y  

Coeff ic ients :  1 < 1% of motile or d ividing c e l l s  
1 < 2 < 2 %  
2 < 3 < 4 %  
4 < 4 < I O %  

10 < 5 <20X 
20 < 6 <25% 
25 < 7 


