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Coltaboration

In the first year there were zeveral visite from both groups. Dr.
Boonsom and Ms. Reungjitchachawaly visited the lab at Sede-Boker for an
extended period for training and methodoloor transfer, In the following
monthe,there were 3 visits of the Israeli qgroup in Thailand, Prof,
Richmond visited the agroup at February and delivered ceveral seminars on
algal bictechnology az well as assesed the scientific situation of the
lab and made several recommendaticon, His wvicit was followed by Dr.
Vorichak’s in March who addressed praoblems concerning indoor and outdoor
algal cultivation, Dr. Cohen wisited in April and dealt mainly with
experimental design and data analreis and also with problems concerning
chemical analyeis of fatty acids and pigments and the desiagn of an

outline of a separation scheme for the chemicals of interest.

Rezults

Fatty acid compozition of Spirulina strains

Mineteen strains of Spirulina were cultivated under the <came
conditions. All the tested strains except S, subsalsa contained the
same fatty acids {(Table 1>, The predominant fatty acids were palmitic
acid (1é:062, GLA, linoleic acid “18:2) and oleic acid {18:1), as already
reported. A areat diversity was found in the distribution of fatty
acids in the warious Spirulina strains, which i= greater for the
unsaturated acids. The proportion of 14:8 was consistent, ranging
between 44.4 and 54.1% of the total fattsv acide, The percentage of Cygq
acids varied greatly: 18:1 ranged from 1.0% to 15,5%; 18:2 between 10.8Y

and 30.7¥ and GLA between 8.8% and 31.7%, The loweet fatty acid content



(¥ of ash free dry weight) among freshwater strains of Spirulina was
found in strain L2 ¢3.0¥); L1 had the highest content (5.44).

In fourteen strains, high levels of GLA were accompanied by low
levels of 18:2 ond vice versa {strain 1928, Ly, Bz 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 acide) were
18.8% and 31.7%, respectively, while in strain 2348 the percentages of
these fatty acids were 38.7% and 8.8¥%, respectiveiy. Strains SB, Mad
and Cat had the highest GLA contents, while strains 2340 and 2342 had
the lowest. The tested strains are arranged in Table 1 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 vweiy high in té:1,

Table 1. Fatly acid contem® ol Spiruling strainst

Falty acids

Strain 16:0  16:1 18:0 18:1 18:2 GLA  Toulf GLA}
sB 446 44 05 64 17.1 2710 52 1.4
Mad 47.0 05 0.7 93 10.9 37 42 1]
Cat 476 2.5 10 80 15.3 25.6 5.1 1.
Art. B 46 1 1.0 1.6 109 13.6 26.8 47 1.3
1928 471 20 1.0 29 18.1 28.7 43 1.2
L1 450 14 1.0 15.5 16.4 20.7 5.6 12
AR 49 1 22 1.0 64 15.7 25.6 43 1.1
14 49.6 21 0.7 50 16.5 26.1 kRY 1.0
n2 471 RE! 08 5R 207 20,7 38 1.0
G 449 2 29 09 RO 15.7 233 4.0 0y
e 525 24 OR 12 14.0 232 4.0 09
B3 529 22 1.1 7.6 137 22,5 4.1 09
Arl. A 48.5 24 [ 60 IS8 2060 34 0.9
Eth 541 26 1.0 1.7 13.5 21.) 4.1 09
1.2 50.7 [} 08 73 14.3 258 30 08
Minor 468 1.2 1.5 £2.0 184 20.1 36 0.7
2342 415 1.6 0.5 93 218 19.3 38 0.7
2340 493 22 12 8.6 N7 8.0 32 0.1
Subsalsa 49.2 350 1.7 1.0 13.1 —- 1.6 —

* Wi nereent of total Taity acids.
1 Cultures were grown at 35"
{ Weight as percenlage of biomass (ash-lree dry wi-AFDW).



Growth phase

Many algal cpecies are known to accumulate lipids during the
stationary phase, but no such -effect has ever been found in
cvanobacteria. Strain Mad cultures were sampled at the mid-exponential
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, 50U

fee

Table 3. Distribution and content of Spiruling (S. mad) fatty acids in different growth
phascs*®

Fatty acids

Growth phasc 16:00 16:11  18:0t  18:11  18.2} GLAt Totalf GLA}

Exponcntial 489 23 08 13 12.1 105 4.3 13
Stationary 526 27 21 12.3 11 18.6 kR 0.6
*At 1S5,

t Percentage of total ftty acids.
{ Percentage of AFDW.,



Dilution rate

The dilution rate had a wvery 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 DWW at 0.01 d-1 te 1082 at 0.4

d-1 (Table 4),

Table 3: Effect of dilution rate on fatty acid composition
Media : Zarrouk’s medium, semicontinucuc methaod
Light intensity: 2500 lux, room temperature (29-31o()
Cuitivation vescel - erlenmeyer’s flask 1 litre with 500 m)
Working volume - 2 vessels for each dilution rate

IDilutionl F at ty Acides ¢ of total fatty acids | GLA TFA

|
| rate |- L ] o DY
I (day-1)| 14:0 18:1 18:0 18:1 18:2 18:3 | |
] | (GLAY | !
I 0.18 | 45.0 3.0 1.3 12.0 13.: 20,1 | 1.0 4.7 |
I 08.25 | 44.7 3.5 1.2 9.4 14,7 23,1t 1.0 4,5 |
i 0.40 | 43,7 3.5 1.0 4.0 16.3 29,6 | 1.1 4.3 1
I 8.40 | 42,1 5.5 1.0 4.2 14.2 23.6 1 1.0 4,1 |

Table 4: Effect of dilution rate on piament content

IDilution ratel Chlorophyll a | % Phycocvanin | Dl IProductivity |
! day~1 I mg/g Dl | %Dl I /1 | o/1/d

! 6.01 ! 13.4 | 22.8 |l 1.35 | 6.14

| g.01 | 13.4 I 23.7 I 1,48 | I
! 0.295 ! 12.8 I 19.8 I 8.946 | 6,245

| f.25 ! 3.9 | 18.8 I 8,99 |

i 8,40 | 12.4 ! 17.8 I 2.47 |

! 6.40 I 11.3 | 7.4 | 0,45 | 0,244

| 0.40 ] 8.9 I 10,3 I 8,44 | I
! a,se I 9.4 I 10,4 I 2.41 | f.255 |

Effect of salinity

Increasing the medium salinity above 8.75% MaCl resulted in

decreased fatty acid content and in a decreace in the percentage of GLA



of total fatty acids. The two effects culminated in a sharp decline in
the GLA content (i of dry weight) from 1% at 8.,1¥-0.5% NaCl to 0.45% GLA
at 3.8 MNaCl,

The phrcocyanin increased slightly xt 1.5 MaCl but was drastically

reduced at 3¥ NaCl.

Table 5: Effect of NaCl (0.1, 8.5, 0.75, 1.5, 2.8 semicontinuous at
dilution rate 0.23 day-1 ambient temperature 29-31{0C.

I NaC1l | D.,W.I Chlorophy11l a | Phycocyanin | Total FA | GLA (18:3)1
I % w/v | (g/D1 (¥ DU | % Db [ <% Dy 4 DY
I e6.10 ) 90.72 | 1.49 | 21.7 I 4.40 | 1.01
b8.10 1 0.71 | 1.92 | 21.8 ! 4.89 | 1,03 |
| @.50 | 8.74 | 1.77 ! 22.8 | 4,75 | 1.87 !
I 0.75 1 8.7 | 1.67 ] 22,8 | 4.62 | {.04
I 1,86 1 1.21 1 1.50 I 23.9 ! 4.60 | ¢.80
I 2.00 1 1,67 1| 1.08 | 19.a ! 3.43 | 0.45

Fatty acid composition

I NaCl | FA (¥ of total fatty acids) |
I A Y it ettt L
] boo1é:0 I 14l 1 18:6 | 18:% | 18:2 | 18:3 |
I a.1901 44,1 | 4.3 I 0.9 ] 8.9 I 14,2 | 22.94 |
I @8.16a 1 42,5 1 5.7 I 1.4 | 10,8 bo12.5 1 21.86 |
i 0.5 ] 45.9 | 2.9 I 1.0 I 9.9 b 14,3 | 22.4 |
I 8.7251 44.3 1 4.2 I 0.9 ! 8.7 b15.8 | 22.9 |
] 1.50 1 43.9 | 5.4 I 1.6 I 11,6 b13.8 1+ 20.1 |
1 3.00 | 43.8 | 5.7 1. I 13,23 I 12.3 | 19.1 |




