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Culture medium optim ·ation fo:r the halotolerant alga Dunaliella salina. 
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Introduction 
The unique adaptaDility of the green alga Dunaliella to grow in a wide range of sait 

concentrations, has made it a favorite subject for detailed physiological and biochemical 
investigations, aimed at ;ts utility as a source of some fine chemicals such as ~-carotene and 
glycerol or a source of single cell protein for rearing rotifers and brine shrimp, Artemia. It 
is well known that the concentrations and the ratios of the essential nutritive elements, 
strongly affect algal growth and photosynthetic rates {FISHER et al ., 1981)_ The main target 
of this work îs to maxîrnîze Dunaliella sali na growth with the most economîcal culture 
component supply. 

Material and methods 
The methodology of experimental design, namely, the random balance,. the fractional 

factorial and the steepest asn:.!7.t designs (SATTERTHW AITE, 1959; COCHRAN and COX, 
1957) were used to develop a new synthetic optimized medium for the growth of 
Dunaliella salina. All major cations ( Na, K, Mg and Ca) were added as chloride /salts and 
anions (HCQ3, SO4 ;NÜ3 and PO4) as sodium salts. The trace metals ( Zn,. Mn, Mo,. Co, Cu 
a,nd Fe) were added in chelated form with EDTA. Vitamin B12 was added to all media at a 
ieve1 of L µg/1. Culture media were inoculated under sterile conditions with actively 
growing Dunaliella salina, adjusting its initial concentration to 104 cell/1. Experiments 
were performed in triplicates. Cultures were grown in incubator at lîght intensity 4 k Lux 
and temperature of 25 ± l°C Experiment duration lasted for 9 days. Population density was 
estimated by cell count on a hemacytometer. 

Results and discussion 
The random balance design was used first to evaluate the maîn effect of 15 nutritive 

elements as mentîoned previously plus the effect of H3BO3 at 2 levels of concenti-ations 
(+1) and (-1), which were chosen to express the highest and the lowest element 
concentrations used in the known artificial sea water media ( ASP-2, ASP-6, ASP-12, ASM 
and Muller media). Data gained usîng this design showed that alga was tolerant to a wide 
range of macroeiement concentration changes. Concerning micro- elements and H3BO3the 
best algal yield was achieved at the levels given in table 2. For optimizing the major cations 
and anions concentrations in relation to algal yield the 28--4 fractional factorial design was 
used, where the concentrations of the media on which the alga attained its maximum 
yield in the previous design was taken as a middle point in defining the {+1) and (-1) levels 
for this design. Results are given in table l. After statistical treatment of the data we can 
conclude that algal yield was only significantly affected by the concentration changes of K., 
Mg, PO and CO3, For optimizing their concentrations, a set of experiments was done using 
the steepest ascent method, where the composition of medium No 15 on which the algaI 
yield was maximum (table I) was taken as original point. The hîghest mean algal yield (18 
x106 cell/ml) was achieved on growth medium N°8. This is about 9-10 times greater than 
those recorded in the lîterature at about the sarne conditions of cultivation used in our 
experiments. In conclusion we are recornrnending a new medium for best Dunaliella 
salina growth as given in table 2. 

Table I . 28- 4 fractional .factarial design and steepest pl.:1n. 

lfactorz N.:ïCl KCl M9Cl2 Cacl 2 Na2S04 NaHC03 Nû003 Na~1'04 
xl x2 X) x4 xs XG X7 Xa ?; 

1 ~ Ill 7 
Level rrt-1/1 ~i ~ -1 levei 1000 8 25 8 15 1.5 2 0.05 om 8 +l level 2000 lG 55 10 25 2.5 5 0.10 " 0 level 1500 12 40 lJ 20 2.0 3.5 0.075 

~ '-1 lD 
.w fil ~-, 

V.iriation ,~ 
unit (À) 500 4 15 5 5 0.5 1.5 0.025 U< 

Experirœnt 
t -1 -1 -1 -1 -1 -1 -1 -1 4.J9 
2 +l -1 -1 -1 +l +l +l -1 3.51 
3 -1 +l -1 -1 +l +l -1 +l G.06 
4 +1 +l -1 -1 -1 -1 +l +l 4.SG 
5 -1 -1 +l -1 +l -1 +l +l 6.97 
6 +l -1 +l -1 -1 +l -1 +l 4.Gl 
7 -1 +l +l -1 -1 +l +l -1 4.GJ 
8 +l +l +l -1 +l -1 -1 -1 3.47 ., -1 -1 -1 +l -1 +l +l +l 0.28 

10 +l -1 -1 +l .. +1 -1 -1 +l 5.09 
11 -1 +l -1 +l +l -1 +l -1 4.44 
12 +l +l -1 +l -1 +l -1 -1 4.G4 
1J -1 -1 +l +l +l +I -1 -1 4.07 
14 +l -1 +l +l -1 -1 +l -1 4.59 
15 -1 +l +l +l -1 -1 -1 +l 7.64 
16 +l +l +1 +1 +l +l +l +l 5.17 

~r(b-i)-0.23 0.5 0.4G -0.19 0.26 -0.46 -0.41 0.47 

b1 À 2.0 6.9 -0.23. 0.012 

Initial 1000 16 55 18 15 1.5 2 0.100 
level. 

Level on 
pat:h. 

l 1000 18 62 18 15 1.25 2 0.112 12.90 
2 1000 20 69 18 15 1.00 2 0.124 14.93 
3 1000 22 76 18 15 0.75 2 0.136 14.09 
4 1000 24 8J 18 15 0.50 2 0.148 13. 76 
5 1000 26 90 18 15 0.25 2 0.lG0 15.4J 
6 1000 28 97 18 15 0.00 2 0.112· 13.55 
7 1000 30 104 18 15 0.00 2 0.184 14A9 

• 1000 32 111 18 15 0.00 2 0.169 18.10 
9 1000 34 118 10 15 o.oo 2 0.208 15.91 
10 1000 36 125 18 15 0.00 2 0.220 16.01 
11 1000 38 132 18 15 0.00 2 0.232 17.19 
12 1000 40 139 18 15 0.00 2 0 . .244 16.24 
13 1000 42 146 18 15 0.00 2 0.256 15.92 
14 1000 44 153 "18 15 0.00 2 0.268 lG.17 
15 1000 46 160 18 15 0.00 2 0.280 17.24 
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The Nematocysts of Rhopilema nomadica (Cnidaria~ Scyphozoa) - A new Lessepsian 
Scyphomedusa in the Eastern Mediterranean 
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Large aggregatîons of the jellyfish Rhopilemanomadica GALIL, 1990 - a new 
lessepsian migrant into the Mediterranean (GALIL et al., 1990) - have been observed 
off the Levantine coasts in the past seven years. This jellyfish, whkh umbrella could 
reach a sîze of one meter, inflicts painful stings. The severity of the stings îs related to 
the area affected and depends on indîvidual sensitivity, The symptoms involve a 
burning sensation în the contact area, swelling and development of fluidfilled blisters 
that may persist for days and remain as weal marks, Systemîc symptoms in the most 
severe cases may involve high temperature, fatigue and muscular aches. 

Nets strung along beaches for the protection of bathers were ineffective as tissue 
fragments, mainly the tenta.des of the oral lobes and of the umbreila, that contain 
nematocysts, passed through and caused a ''stinging water" sensation for bathers. Local 
munidpalities reported a decrease in beach attendance during periods of jellyfîsh 
swarmings. 

In 1991 the joint research effort of the Universities of Trieste, Haifa and the National 
Oceanographic Institute of Israel aimed at the study of the biology, morphology and 
distribution of R. nomadica. This work summarizes the first observations on its 
nematocysts. 

The nematocysts were culled from freshly caught jellyfish. Oral tentades were 
excised and immersed in distîlled water for 24H at 5°C, then homogenized. The 
homogenate was centrifuged repeatedly (at 3500 rpm, 15 min.); the supernatant 
removed, the pellet was re-suspended in distilled water untiJ satisfactory purification. 
Nematocysts discharge and fixation of SEM samples follow procedures described in 
A VIAN et al. (1991). 

Our preliminary results attest to the presence of four types of nematocysts in adult 
spedmens of R. nomadica. 

-Heterotrichous microbasic eur11tele. It has an everted tubule with a well-defined 
shaft armed with three helïcoidal series of spines. Its capsule, 4-6 µm long, is 
ellipsoidal. 

- Large Holotrichous isorhiza has sub spherîcal capsules, 8-12 µm long. The everted 
tubule is armed with three heficoidal series of triangular spines, 

- Heterotrichous isorhiza has capsules ranging from ellipsoîdal to truncated cones, 4~ 
5 µm long. The everted tubule is proximally armed with three helicoidal series of fiat, 
lanceolate spines, and distally arrned with short, blunt spines. 

- Small Holotrichous a-isorhiza, the smallest of the nematocysts, has an ovoid to sub 
spherical capsule only 2-3 µm long, with the everted tubule armed with three 
helicoidal series of little spinules. 

Fig. 1. SEM micrographs of the nematocysts of R. nomadica. a, discharged 
Heterotrichous rnicrobasic eurytele; b, discharged large Holotrichous isorhiza; c, 
discharged Heterotrichous isorhiza; d, discharged small Holotrichous isorhiza. 

The eurytele type is cornmon both in the tentades and in the gastrîc filaments, the 
large holotrichous isorhiza is more frequent in the scapulate tentacles than in the oral 
lobes, and the small holotrichous isorhiza is the commonest type, widely distributed 
in all areas. 

It is of interest that a co-generic species, R. esculenta Kishinouye, similarly has four 
nematocysts types in the adult (CHEN & DING, 1981); the classification proposed for 
the R. esculenta nematocysts is otherwise not correspondent with our observations, 
CHEN & DING's classification is based solely on light microscope observations, and it 
is possible that theîr anîsorhiza-type nematocysts are in fact the isorhîza-type 
nernatocysts we have identified in R. nomadica. 
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