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Abstract  

Spirul ina 219/2, t h e  herbicide Sandoz 9785 res is tant  s t ra in ,  could 
grow in Zarrouk's medium containing 150 p p m  SAN 9785 whereas growth of 
the wild t y p e  st-rain (BPI was complet,ely inhibited. Spirulina 219/2 grown in 
Zar1.ouk's medium containing 150 ppm SAN 9785 showed t h e  lseduction in GLA 
content (36.8% reduction a s  of total f a t ty  acid and 39.6% reduction as of 
D.W.). The alteration of f a t t y  acid composition resumed to  normal a f t e r  24 h 
when cells were t r a n s f e r r e d  to  normal Zarrouk's medium, 

Results shown tha t  s t r a i n s  res is tant  to SAN 9785 have  relatively 
higher  GLA content  when translei-red to normal Zarrouli's medium compare 
with the  wild t y p e  s t ra ins .  

Introduction 

The in te res t  in f a t ty  acids of t h e  0 6  family der ives  from t h e  fac t  
that  they a r e  p r e c u r s o r s  fo r  prostaglandins,  thromboxanes, and  leukotl*iencs 
(Holman, 1981 ). GLA ( 18:3 0 6 )  was also shown to alleviate t h e  symptoms of the  
premenstrual syndrome (Horrobin, 1983 ). The cyanobacterium Spirul ina h a s  
found worldwide recognition as health food due  to  i t s  h igh content  of th is  
r a r e  fa t ty  acid, GLA. Cohen e t  al. (1987) reported the  increase in GLA to 
30.5% of total f a t t y  acid and  1.3% of t h e  d r y  weight by  varying growth 
conditions. 

Other possible method of increasing t h e  GLA i s  by  using 
desa turase  inhibitor.  It i s  possible tha t  s t r a ins  tha t  a r e  res is tant  to  inhibitor 
a re  the  over  p r o d ~ i c e r s  of GLA. I n  th is  s t u d y ,  the  herbicide SAN 9785, a 
subs t i tu ted  pyridazinone which i s  effective for  inhibition of d 15 desaturat ion 
was used. The ef fec ts  of SAN 9785 on the  production of f a t ty  acids were 
investigated. 
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Materials a n d  Methods 

Cell cultivation - 
Spirulina Z19/2 were cultivated in Zarrouk's medium in erlenmeyer 

flasks placed in a t ransparen t  water  bath  illuminated from below with four  
cool-white f luprescent  lamps providing 100 y~.m- ' . s - l  a t  the  surface  of the  
bath. Mixing was achieved by  bubbling a i r  using aquarium a i r  pumps. S t u d y  
on the  effect  of SAN 9785 on growth and fa t ty  acids composition of Spirulina 
was done by  adding SAN 9785 at different  phase of growth to  the desired 
final concentrations. 

Cell were filtered th rough  whatman GF/C filter papers  and  freeze 
dried for  f u r t h u r  analyses of t h e  f a t t y  acids. 

Lipid extraction a n d  t r ansmeth~la t ion  

Freeze - dried sample of ~ ~ i r u l i n a  (100 mg) were t rea ted  with 
2 ml of bleOH-AcC1 according to reference  (Lepage,G.,1984) . C17:O was added 
a s  an internal  s t andard  and the  mixture sealed in a vial under  A r  
atmosphere and heated to 80°C f o r  1 h. The vial was then  cooled, i t s  
contents diluted with 1 ml H 2 0  and  the  mixture extracted with 1 m l  hexane. 
The hexane layer  was dried (Na2 SO,), evaporated to d r y n e s s  and redi,ssolved 
in hexane. 

Fatty acid analysis  
G.C. analysis  was performed on a 3 m x 3 mm. i.d. s tainless 

column packed with 15% DEGS on uniport  B 80/100 mesh a t  190°C FID 
injector and FTD detector  temperature 23OUC, attenuation range,  2' x102 mV.V. 
Fatty acid Me e s t e r s  were identified by  cochromatography with authent ic  
standakds (Sigma Co,). Fat ty  acid contents  were determined by comparing 
their integrated peak a r e a s  with t h a t  of t h e  internal  s tandard .  



Results and Discussion 

S t u d y  on t h e  effect  of SAN 9785 on growth and fa t ty  acid 
compositions have  shown t h a t  SAN 9785 inhibited growth a n d  GLA production. 
The inhibition of GLA i s  more pronoiinced if added at t h e  ea r ly  s t a g e  of 
growth. When cells were older t h e  effect  on GLA production was also more 
pronouced ( y h e n  SAN 9785 was added on the  f i r s t  day) .  The accuniulation of 
C 18:1 .was observed.  I t  could b e  noticed t h a t  SAN 9785 may inhibi t  t h e  
desatilration of C 18:l to C 18:2 a n d  C18:3. The similar effect  could also be  
seen in t h e  case  of C16:O to C16:l (Table 1). Cohen e t  al. (1990) also 
reported t h e  same f inding in Spirulina. 

Tablc 1 Fat ty  acid content  of Spirul ina Z19/2 grown in normal Zarroulc's 
medium and  in Zarrouk's medium with added SAN 9785 in d l  a n d  
d4. 

A. Normal Zarrouk's medium 

...................................................................... 
Fa t ty  acid composition ( %  TFA) % D,W. 

.................................................................... 
Day 
---------- 

d3 a 

d4 
d5 
d6 
d 7 
d 8 

TFA GLA 
------------- 
4.61 1.41 
5.03 1.17 
5.04 1.15 
5.61 1.27 
5.82 1.22 
4.67 1.02 

...................................................................... 
13. Zarrouk's medium + SAN 9785 ( d l )  
....................................................................... 

Fat ty  acid composition (%  TFA) % D.W. 
................................................................. 

Day 16:O 16:l 18:O 18:l 18:2 18:3 TFA GLA ....................................................................... 
d 3 50.9 2.03 1.54 9.72 13.67 20.47 4.48 0.92 
d4 42.18 2.17 1.39 12.68 15.82 21.15 6.02 1.27 
d 5 50.44 1.99 1.65 14.03 11.99 18.52 5.38 0.99 

I 
d6 51,08 1.26 1.31 15.72 11.78 17.98 5.19 0.93 
d 7 50.52 1.73 2.25 17.29 10.74 16.16 3.77 0.61 
d 8 50.92 1.39 2.55 17.41 9.96 16.57 5.34 0.88 

....................................................................... 

C. Zarrouk's medium + SAN 9785 (d4)  , 

....................................................................... 
Fat ty  acid composition (%TFA % D.W. 

.................................................................. 
Day 16:O 16:l 18:O 18:l 18:2 18:3 TFA GLA 

....................................................................... 
d6 50.62 2.69 1.86 9.64 13.05 20.38 5.13 1.04 
d7 48.25 3.09 1.68 12.97 11.96 20.33 4.48 0.98 
d 8 48.56 2.57 2.08 17.58 10.02 17.52 6.34 1.11 



The effect  on the  inhibition of growth and GLA production were 
studied when Spirulina were grown in Zarrouk's medium plus SAN 9785 a t  
different  concentration. The higher t h e  SAN 9785 concentration, the  more 
effect on the  inhibition of growth and GLA production detected (Fig.1 and 
Table 2). 

Fig 1. Growth of Spirulina in Zarrouk's medium with different  
concentrations of SAN 9785. 



Table 2 F a t t y  acid composition of Spirul ina Z19/2 in Zarrouk's  medium 
with d i f f e ren t  concentrat ion of SAN 9785 a n d  t h e  changes  in  
composition a f t e r  t r an fe r r ing  cells to normal Zarrouk's medium 
a f t e r  24 h. 

......................................................................... 
Cone. of P F a t t y  acid Composition (%TFA % D.W. 
Sari 9785 ............................................................... 
( P P ~  16.0 16.1 18.0 18.1 18.2 18.3 TFA GLA ......................................................................... 

0 40.9 6.1 1.3 7.6 12.3 24.7 5.5 1.34 
100 37.2 0.8 4.5 27.6 10.8 17.2 5.4 0.9 
150 49.0 0.9 2.8 13.8 11.5 14.1 6.7 0.9 
200 48.6 0.6 4.6 22.9 9.1 11.7 5.8 0.7 
250 48.8 1.0 3.9 24.7 9.6 10.5 6.1 0.64 

........................................................................ 
150 49.0 1.2 2.6 13.4 10.9 15.6 5.2 0.81 

(15 day)  
150--->O 46.6 1.8 1.3 1 6  13.3 20.4 5.6 10.14 

(24 h.) ....................................................................... 
Moreover, cel ls  grown in Zarrouk's with 150 ppm SAN 9785 f o r  15 

days then  t r a n s f e r r e d  to  normal Za-roulr's medium showed a n  increase  in 
GLA from 15.6% to  20.4% of TFA after  24 h. Growth r a t e  resumed to  normal 
af ter  t r a n s f e r r i n g  back t o  normal medium. 

By select ing s t r a i n s  res i s tan t  to SAN 9785, we could obtain s t r a i n s  
of higher  GLA ' con ten t  t h a n  t h e  wild Lype (Table 3 a n d  Table 4.) 

Table 3 F a t t y  acid composition of some selected s t r a i n s  obtained b y  
SAN 9785 

.................................................................... 
F a t t y  acid compcaition (%TFA) % D.W. 

.................................................................... 
Strain 16:O 16:l 18: 0 121 18:2 18:3 TFA GLA 
-i----------------------------------------------------------------- 

Z12C 46.5 3.3 0.8 4.7 18.2 24.9 6.9 1.7 
Z5B 40.6 4.4 1.7 5.4 16.0 26.3 6.4 1.7 
23 42.3 3.9 1.3 '.7 16.3 27.2 6.6 1.8 
Z16 '41.4 4.8 0.8 z.6 20.4 29.1 6.8 2.0 
212 46.2 3.7 1.2 5.6 18.3 23.9 7.1 1.7 
214 42.6 6.5 0.4 L4 19.8 28.1 6.8 1.9 
Z1A 46.0 3.7 0.4 11 18.1 28.9 7.3 2.1 
Z19 41.5 4.2 0.5 4 19.7 31.3 7.5 2.3 
Z14A 42.7 3.2 2.9 E. 1 17.0 23.7 7.5 1.8 
Z6 48.6 3.5 0.7 2 17.1 24.5 7.5 1.9 
Z12A 44.6 3.2 1.3 5.2 17.9 27.7 6.7 1.9 
Z l l  46.2 3.3 0.6 '. 3 15.4 25.5 7.1 1.8 
ZL2B 41.5 4.3 1.2 ?-2 17.4 27.1 8.2 2.2 
Z12D 48.3 3.8 0.5 3 17.9 24.8 7.9 2.0 
Z1B 37.3 3.1 0.9 ;. L 19.2 32.1 6.6 2.1 n .  



Table 4 Fat ty  acid composition*in Spirulina strainss*(cohen e t  c~1.,1987) 

Fatty acid compostion (%TFA) 
........................................................................ 
Strain 16: 0 16: 1 18:O 18: 1 18:2 GLA Total# GLA# 
........................................................................ 
SB i4 .6 4.4 0.5 6.4 17.1 27.0 5.2 1.4 
Mad 47.0 0.5 0.7 9.3 10.8 31.7 4.2 1.3 
Cat 47.6 2.5 1.0 8.0 15.3 25.6 5.1 1.3 
Art.B 46.1 1.0 1.6 10.9 13.6 26.8 4.7 1.3 
1928 47.3 2.0 1.0 2.9 18.1 28.7 4.3 1.2 
L 1 45.0 1.4 1.0 15.5 16.4 20.7 5.6 1.2 
AR 49.1 2.2 1.0 6.4 15.7 25.6 4.3 1.1 
B 4 49.6 2.1 0.7 5.0 16.5 26.1 3.9 1.0 
B 2 47.3 3.4 0.8 5.8 20.7 20.7 3.8 1.0 
G 49.2 2.9 0.9 ' 8 . 0  15.7 23.3 4.0 0.9 
PC 52.5 2.4 0.8 7.2 14.0 23.2 4.0 0.9 
B 3 52.9 2.2 1.1 7.6 13.7 22.5 4.1 0.9 
Art.A 48.5 2.4 1.3 6.0 15.8 26.0 3.4 0.9 
Eth 54.1 2.6 1.0 7.7 13.5 21.3 4.1 0.9 
L2 50.7 1.1 0.8 7.3 14.3 25.8 3.0 0.8 
Minor 46.8 ' 1.2 1.5 12.0 18.4 20.1 3.6 0.7 
2342 47.5 1.6 0.5 9.3 21.8 19.3 3.8 0.7 
2340 49.3 2.2 1.2 8.6 30.7 8.0 3.2 0.3 
Subsalsa 49.2 35.0 1.7 1.0 13.1 - 1.6 - 
-------------------------------------------------------------------*---- 

# Weight percent  of total fat ty acids 
** Cultures were grown a t  35°C 
:I: Weight a s  percentage of biomass (ash-free d r y  wt-AFDW) 

Spir~qlina of s t r ians  resistant  to SAN 9785 would be the  method 
of obaining high GLA production s t ra ins  after  t ransferr ing to normal 
Zarrouk's mdeium. 
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