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Collaboration
 

In the first year there were several visits from both groups. Dr. 

Boonsom and Hs. Reungjitchachawal;y visited the lab at Sede-Boker for an 

extended period for training and methodology transfer. In the following 

monthsthere k.,ere 3 visits of the Israeli group in Thailand. Prof. 

Richmond visited the group at February and del ivered several serninars on 

algal biotechnology as well as assesed the scientific situation of the 

lab and made several recorrmen dat ion. His visit I.,as follo,,ed by Dr. 

Vonshak's in Harch who addressed proble.m, concerning indoor and outdoor 

algal cul t iation. Dr. C:ohen visi ted in Apr. J1 And dealt mainly with 

experimental design and data analysis and also with problems concerning 

chemical analysis of fatt' acids and pigments and the design of an 

outline of a separation scheme for the chemicals of interest. 

Results
 

Fatty acid composition of Spirulina strains.
 

Nineteen strains of _jrulia were cultivated under the same 

conditions, All the tested strains except S. subsalsa contained the 

same fatty acids (Table 1). The predominant fatty acids were palmitic 

acid (16:1 , GIA, linoleic acid , 18:2) and oleic acid (18:1), as already 

reported. A great diveryity .as found in the distribution of fatty 

acids in fhe various Spirulina strains, which is. greater for the 

unsaturated acids. The proportion of 16:0 ',as consistent, ranging 

between 44.6 and 54.1|. of the total fatty acids. The percentage of C18 

acids varied greatly: 18:1 ranged from 1.0"' to 15.5%; 18:2 bet.veen 10.8% 

and 30.7X and GLA between 8.' and 31.',. The lotkiest fatty acid content 
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(% of ash free dry weight) among freshwater strains of Spirul ina was
 

found in strain L2 (3.0.); LI had the highest content (5.6%).
 

In fourteen strains, high levels of GLA were accompanied by low
 

levels of 18:2 end vice versa (strain 1928, L1, B3 and Eth being,
 

however, exceptions to this pattern). For example, in strain Mad the
 

percentage of 18:2 and 18:3 (with respect to total fatty acids) were
 

10.8 and 31.7%, respectively, while in strain 2.340 the percentages of
 

these fatty acids were 30.7% and 8.0%, respectively. Strains SB, Mad
 

and Cat had the highest GLA contents, i.hile strains 2340 and 2342 had
 

the lowest. The tested strains are arranged in Table I in decreasing
 

order of GLA content.
 

A strain which was tentatively identified as S. subsalsa, a marine
 

Spirulina, was the only one to deviate from 
the above patterns of fatty
 

acid composition and was significantly different from all 
other tested
 

strains. 
 It had a very low fatty acid content and contained no GLA.
 

However, it was very high in 16:1.
 

lable I.Fatly acid contcnt* ol Spirol1ina sirainsf 

Fatty acids 

Strain 16:0 16:1 18:0 19:1 1R:2 (;LA Tolnl (..A4 

SI1 44 6 4 4 0.5 6.4 17.1 27.0 5.2 1.4 
Mad 47.0 0.5 0.7 9.3 I0.4 31.7 4.2 1.3 
Cat 47.6 2.5 10 80 15.3 25.6 5.1 1.3 
Art, It 461 HI. 1.6 10.9 13.6 26.8 4.7 1.3
 
1928 473 20 1.0 2.9 18.1 28.7 4.3 12 
LI 45(1 14 1.0 15.5 164 20.7 5.6 12 
AR 49 1 2 2 1.0 6.4 15.7 25.6 43 1.1 
114 496 2 1 0.7 5.0 16.5 26.1 3.9 1.1 
112 47.3 3 0.8 5.8 20.7 20.7 3.8 1.01 
G 4') 2 29 0t.9 8,0 15.7 23.3 4.0t 01)
P 52 5 24 (18 7.2 14.0 23.2 4.0 0'9 
113 52,9 22 1.1 7.6 13.7 22.5 4.1 (1.9
Art. A 485 24 1.3 61 15.8 260 3.4 0.9 
Eth 54 I 26 1.0 7.7 13.5 21.3 4.1 0.9 
L2 50.7 I I (1.8 7.3 14.3 25.8 3.1 (.8
Minor 46.8 1.2 1.5 12.0 18.4 21.1 3.6 (1.7
2342 47.5 1.6 0.5 9.3 21.8 19.3 3.8 0.1 
2341 49.3 2 2 12 86 31.7 8.0 3.2 (1.3
Subsalsa 49.2 35.o 1.7 1.1 13.1 -- 1.6 -­

'Wt pelccnt 01 total I'lat, acids.
 
i Cultures were grown it 35'.
 
t Weight as percenlage o[ hiomass (ash-l-ree
dry wt-AFDW). 
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Growth phase
 

Many algal species are known to accumulate lipids during the
 

stationary phase, but no such effect has ever been found in
 

cyanobacteria. Strain Mad cultures were sampled at the mid-e/ponential
 

phase and at the stationary phase (Table 2). The total fatty acid
 

content was reduced in the stationary phase and the relative amount of
 

PUFA was also decreased. the content of GLA was reduced by ca. 50%.
 

Table 3. Distribution and content of Spiradlini (S.rad) fatty acids in dillcrent giowth 
Phases* 

Fatty acids 

Growth phase 16:01 16:1t 18:(1 I:1 18.2t GLAt lotall (;LAI 

Expornential 48.9 23 OR 7.3 12.1 305 4.3 1.3 
Stationary 52.6 2.7 2.1 12.3 I1.1 18.6 3.1 0.6 

$At 35". 
t	Percentage of total fatty acids. 

Percentage of AFI)W. 



4
 

Dilution rate
 

The dilution rate had a very small effect on the fatty acid
 

composition and content (Table 3). However, as expected, the various 

pigments are highly affected by the changes in dilution rate, and the 

phycocyanin content was reduced from 23% of DW at 0.01 d-I to j@.% at 0.6 

d-I (Table 4). 

Table 3: 
Effect of dilution rate on fatty acid composition
 
Media ' 2arrouk-s medium, semicontinuous method
 
Light intensity: 2500 lux, room temperature (29-31oC)

Cultivation vessel - erlenmeyer's flask I litre with 500 ml
 
Working volume 
- 2 vessels for each dilution rate
 

IDilutionI F a t t y A c i d s (% of total fatty acids TFA I
I G.A 

I rate I------------------------------------------------
I -DJ) I
I (day-i) I 16:0 16:1 18:0 18:1 18:2 I
18;3 1

I I 
 (GLA) I I
 

I 0.10 I 45.0 3.0 1.3 12.0 13.. I 1.0 4.720.1 1

I 0.25 I 44.7 3.5 1.2 9.6 14.7 23.1 I 1.0 4.5 1

1 0.40 I 43.7 3.5 1.0 6.0 16.3 24.6 I 1.1 4.3 1
 
I 0.60 I 42.1 5.5 1.0 16.2 I 1.0
6.2 23.6 4.1 1
 

Table 4: Effect of dilution rate on pigment content
 

IDilution ratel Chlorophyll a I % Phycocyanin I W IProducti uity I

I day-I I mg/g D4 
 I % DII I g/l I g/l./d I 

1 0.01 1 13.4 1 
 22.8 I 1.35 1 0.14 1
1 0.01 
 1 13.4 1 23.7 I 1.48 1 

0.25 1 12.8 1 19.8 I 0.96 1 0.245 1
 
1 0.25 1 13.5 1 18.8 1 0.99 1 1
 
1 0.40 1 12.4 1 17.8 1
1 0.67 


0.40 1 1
11.3 17.6 1 0.65 1 0.264
 
1 
 0.60 1 8.9 1 10.3 1 0.44 1
 
1 0.60 1 9.4 1 10.6 1
1 0.41 0.255 1
 

Effect of salinity
 

Increasing the medium salinity above 0.75% laCl resulted in 

decreased fatty acid content and 
in a decrease in the percentage of GLA
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of total 	fatty acids. The two effects culminated in a sharp decline in 

the GLA content C of dry weight) from I'%at 63.1%-0.5% NaCl to 0.65% GLA 

at 3.0 NaC1. 

The phycocyanin increased slightly at I'. but was drastically1.5 NaCl 

reduced at 31. NaC1. 

Table 5: 	Effect of NaCl (0.1, 0.5, 0.75, 1.5, 3.0'.) semicontinuous at 
dilution rate 0.25 day-I ambient temperature 29-3loC. 

I NaCl I D.W.I Chlorophyll a I Phycocyanin I Total FA I GLA (18:3)1
 
I .'. w/v I (g/l ) ,-'. DLJ) I C%DI.J) I C. Di1.0 I C. DOW)I
 

0.10 1 0.72 1 1.69 1 21.7 1 4.60 1 1.01 1
 
1 0.10 I 0.71 1 1.52 1 21.2 1 4.89 1 1.03 1
 

0.50 1 0.76 1 1.77 1 22.8 1 4.75 1 1.07 1
 
1 0.75 1 0.74 1 1.67 1 22.8 I 4.62 1 1.04 I
 
1 1.50 1 1.21 1 1.50 1 23.9 1 4.00 1 0.80 1
 
1 3.00 1 1.67 1 1.08 I 19.0 I 3.43 1 0.65 1
 

Fatty acid composition
 

I NaCI I 	 F A C'. of total fatty acids) I
 
Sw/v I----------------------------------------------------


I I 16:0 1 16:1 1 18:0 1 18:1 1 18:2 1 18:3 1
 

1 0.10 1 44.1 1 4.3 1 0.9 1 8.9 1 14.2 1 22.4 1
 
1 0.10 1 42.5 1 5.7 1 1.6 1 10.8 1 12.5 1 21.0 1
 
1 0.50 1 45.0 1 3.9 I 1.0 1 9.9 1 14.3 1 22.4 1
 
1 0.75 1 44.3 1 4.2 1 0.9 1 8.7 1 15.0 1 22.4 1
 
11.50 143.91 5.4 11.0 111,6 113.51 20.11 
1 3.00 1 43.0 1 5.7 I 1.1 I 13.3 1 13.3 1 19.1 1
 


