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Growth and r-Linolenic Acid Production of Arthrospira (Spirulina) platensis in Heterotrophic Culture.
Choi, Gang-Guk, Myoung-Sook Bae, Je-seop Park', Bok-Jun Park’, Chi-Yong Ahn, and Hee-Mock
Oh*. Biological Resource Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-806,
Korea, 'Biotechnology Laboratory, R&D Center, Daesang Corporation, Cyeonggi-do 467-813, Korea —
Arthrospira (Spirulina) platensis is one of the commercially important filamentous cyanobacteria. The het-
erotrophic cultivation of Arthrospira can be an alternative strategy for commercial mass production. In het-
erotrophic culture, the specific growth rate of 4. platensis M9108, a glucose-resistant mutant of A. platensis
PCC 9108, was 0.014 h”! which was 1.8 higher than that of the previous report. The mutant possessed the
facility to assimilate and to metabolize glucose efficiently under heterotrophic condition. However, the #-lino-
lenic acid content of 6 Arthrospira strains was not increased in heterotrophic culture. Four Arthrospira strains
out of 6 tested strains were able to utilize maltose as a carbon source under heterotrophic condition. The biom-
ass production of these strains on maltose was similar to that on glucose. The specific growth rate of 4. platen-
sis M9108 increased with glucose concentration up to 5.0 g/L and then decreased at a glucose concentration of
10.0 g/L. Additionally, 4. platensis M9108 under heterotrophic condition showed no aggregation during the

cultivation in contrast to 4. platensis PCC 9108.
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Table 1. Arthrospira strains used in this study.

NaCl 1.0 g, MgSO, - 7TH,0 0.2 g, CaCl, - 2H,0 0.04 g,
FeSO,4 - 7H,O 0.01 g, Na, EDTA 0.081 g, 1 mL® A5
trace solution. A5 trace solution®] 1 liter 242 H3BO;
2.86 g, MnSO4 - 7TH,0 2.5 g, ZnSO, * TH,0O 222 mg,
CuS0; * 5H,0 79 mg, Na,MoOy * 2H,0 21 mge]v}.

Bk =

Zdu)oFE $18ted SOT ®iA|E 250-mL Erlenmeyer
flaskel 50 mL ¥3, F= 100 umol photons/m?/s, &=
30£1°CE A3 125 rpmo= Zleksbs wiokst F 109
wie} Alefuicksle] Aol AMsldet. S5 SOT
iAol 7] BAa9E AR wel Arlsle] AM-EA
32, Erlenmeyer flaskE 3YE A 8l& xpdsielon,
Sk 273 s wiekatelt.

B9 A $sle] 14714 k4% (acetate, casamino
acid, fructose, galactose, glycerol, lactose, mannose,
ribose, ribose + casamino acid, starch, sucrose, xylose,
glucose, maltosey A1}, wkage] =4 He) 4
AL 17 Y3 AYPeAE glucose®t maltoseE 2}t 1.0,
2.5, 50, 10.0 g/Le] F=2 SOT wiR|ol| H7}sle] AHE-3}o
F&ogohiokg AAlsIsIE Wiz X3S 23t AddMe
ekt 249 wiRE ARl FEdklEE B,

24 4y

A} A2 Spectrophotometer (Optizen 2120UV, Mecacy
Ltd, Korea)S ©]-§3}le] 680 nmelA 343 Optical
density (OD) 33 A= A= TAFTHe] 2L o83}
o] AAbstelom] ABAL Y = 0542 X + 0.005(F =
0.994, X: Optical density, Y: Dry weight)Xt}. o] o] A]5
o] oD%kl 15 238 A5 JAsp M3 Az
o} #HZE AL 25 mm Whatman GF/C filter paper
(Whatman, UK)Z %) | mL& oJ=)3le] A5 7127]
(100°CPIA 177 712 F doixl ZxFAIZRE Zx o
Agks Akl AAE() (In Nt~ In No)(t-t)2] 2]2
2 FapdTH23).

Source Strain Name Origin
NIES 39 Arthrospira platensis Chad lake, Chad
SAG 21.99 Arthrospira platensis Walfishbay, Lagune, Namibia ;
PCC 9108 Arthrospira platensis Commercial culture facility, Cheng-hai, Yunnan, China
M9108 Arthrospira platensis In this study
KCTC AG20590 Arthrospira platensis Jeju, Korea
SAG 49.88 Arthrospira maxima Italy

KCTC: Korean Collection for Type Cultures, Korea.

NIES: National Institute for Environmental Studies, Tsukuba, Ibaraki, Japan.

PCC: Pasteur Culture Collection of Cyanobacterial Strains, Paris, France.

SAG: Sammlung von Algenkulturen der Universitit Gottingen, Germany.
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Fig. 1. Growth Arthrospira strains in various glucose concen-
trations of SOT + glucose 0.5% (A) and SOT + glucose 0.1 %
(B). The cultures were incubated at 30°C on a shaker at 120 rpm
under heterotrophic condition.
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Table 2. Specific growth rates (1) of Arthrospira strains during
heterotrophic cultivation with different glucose concentration®.

Glucose concentration (g/L)

Strains
1.0 5.0
NIES 39 0.0110 0.0085
SAG 49.88 0.0082 0.0114
SAG 21.99 0.0121 0.0135
KCTC AG20590 0.0113 0.0119
PCC 9108 0.0119 0.0125
M9108 0.0138 0.0144

*The cultures were incubated at 30°C under dark condition on a
shaking at 120 rpm for 8 days.
The p was calculation from the data shown in Fig, 2.
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< BAaes o] 83l AAe] doldal HREsIIvH[22].
o] F Marquez 5= A. platensis®] 75 = B3A 5
deFdoR Aol deldetal Basldvi15]. T ST
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#4338 GLA FEhe 5P 9Rde B34 $4€ GLA
ek} vissiadvl. el B3PS B3k wHEelAl #7)
433t Es) 400 RS BeilM ThEelAl £ 'hadd
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< 3l & 4 it HE 35 T Arthrospira F 5 34
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Table 3. Fatty acid content of Arthrospira strains grown in heterotrophic condition®

. Fatty acid composition (% of total fatty acid) Total FA GLA

Surains 16:0 16:1 16:2 18:0 18:1 18:2 18:3 (% of biomass) (% of biomass)
SAG 49.88 494 b - - 9.6 16.2 24.9 1.94 0.13
SAG21.99 41.9 6 2.1 1.3 1.4 15.7 29.3 4.97 1.33
KCTC AG20590 44.6 42 22 1.5 7.8 17.6 20.8 3.72 0.64
PCC 9108 449 37 2.3 1.4 8.7 13.9 224 438 0.84
M9108 46.2 2.5 2.1 1.5 8.6 15.4 23.7 3.29 0.63

*The cultures were incubated at 30°C under dark condition on a shaking at 120 rpm for 8 days.

b_. not detected.
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Table 4. Effect of organic carbon source on the biomass production in Arthrospira strains under heterotrophic condition”.

Strains Substrates® NIES 39

SAG21.99 SAG 49.88 KCTC AG20590 PCC 9108 M9108
Acetate N.U¢ N.U N.U N.U N.U N.U
Casamino acid N.U N.U N.U N.U N.U N.U
Fructose N.U N.U N.U NU N.U N.U
Galactose N.U N.U N.U N.U N.U N.U
Glucose 0.21¢ 0.18 0.20 0.28 0.36 0.41
Glycerol 0.16 0.15 0.19 0.18 0.21 0.20
Lactose N.U N.U N.U N.U N.U N.U
Maltose N.U N.U 0.21 0.30 0.37 042
Mannose N.U N.U N.U N.U N.U N.U
Ribose N.U N.U N.U N.U N.U N.U
Ribose + casamino acid N.U N.U N.U N.U N.U N.U
Starch N.U N.U N.U N.U N.U N.U
Sucrose N.U N.U N.U N.U N.U N.U
Xylose N.U N.U N.U N.U N.U N.U

*The cultures were incubated at 30°C under dark condition on a shaking at 120 rpm for 8 days.

PSubstrates concentration (1.0 g/L).
“N.U: no utilization.
Biomass (g/L).
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Fig. 2. Time courses of biomass of Arthrospira platensis M9108

in various concentrations of glucose (A) and maltose (B) in

SOT medium. The cultures were incubated at 30°C on a shaker at
120 rpm under heterotrophic condition.
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Fig. 3. Photograph of Arthrospira platensis M9108 (A) and
PCC 9108 (B) incubated for 18 days in SOT medium under
dark condition in Erlenmeyer flask. The cultures were incu-
bated at 30°C in a shaking incubator under dark condition.
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Fig. 4. Time courses of biomass of Arthrospira strain M9108 in
various media composition. The cultures were incubated at 30°C
on a shaker at 120 rpm under dark condition.
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