(Dunaliella salina)

, (family) Polyblepharidaceae (order)
Volvocales (Oltmanns, 1922) Ettl (1983) (genus)
(order) Dunaliellales (class) Chlorophyceae
4 Dunaliellaceae, Asteromonadaceae, Dangeardiellaceae,
Raciborskiellaceae Ettl (1983)
Dunaliellaceae Asteromonadaceae 2 Dunaliellales
Dunaliella Asteromonas
Chlamydomonadales
Chlamydomonas
(Melkonian and Preisig, 1984 Marano et al.,, 1985)
2.1
D. media D. terricola
D. media

D. terricola (Avron and Ben-Amotz, 1992)

2.2
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Taxonomy
Division Chlorophyta
Class Choloprophyceae
Order Volvocales

Family Polyblepharidaceae

Genus Dunaliella

Dunaliella salina (Dunal) Teodoresco
2.1 (Dunaliella salina)

Sorawit Powtongsook (1993)



2.2

6 28 Sections subgenus A sectio Tertiolectae; B sectio
Dunaliella; C sectio Virides; D sectio Peirceinae. 6 D.maritima, 7 D. polymorpha, 8 D.
primolecta, 9 D. quartolecta, 10 D. tertiolecta, 11 D. parva, 12 D. pseudosalina, 13a D. salina spp.
Salina fo. salina, 13b D. salina spp. salina fo. magna, 13c D. salina spp. salina fo. oblonga, 13d D. salina
Spp. salina sibirica, 14 D. bass-beckingii, 15 D. bioculata, 16 D. carpatica, 17 D. gracilis, 18 D.
granulata, 19 D. media, 20 D. minuta, 21 D. minutissima, 22 D. ruineniana, 23 D. terricola, 24a
D. viridis var. viridis fo. viridis, 24b D. viridis var. viridis fo. euchlora, 24c D. viridis var. palmelloides (

palmelloid stage; : flagellated stage), 25 D. asymetrica, 26 D. jacobae, 27 D. peircei, 28
D. turcomanica. (Scale bar): 10 (pm.)

Avron and Ben-Amotz (1992)



Marano (1976), Riisgard (1981)

2.3

(coat)

ink)

(Avron and Ben-Amotz, 1992)

(flagella) 2

90 130

(chloroplast)
| (pyrenoid)

1981 Pfeifhofer and Belton, 1975)
(beta-carotene)

(oily globules)

lipids) 50

Einspahr et al. (1988)

(ellipsoid)

(Indian

(fibrils) 25-200

(glycoproteid)

(Avron and Ben-Amotz, 1992)

(Vladimirova, 1978, Hoshaw and Maluf,

D. salina

(interthylakoid spaces)

(neutral

(Ben-Amotz etal., 1982)



Lipid globules

Nucleus Golgi

Nucleolus--—----

Mitochondria

Vacuole

Starch

Pyrenoid

Carotene
globules

2.3 (Dunaliella salina)
Avron and Ben-Amotz (1992)



(eyespot stigma)

(thylakoids) (Avron and Ben-Amotz, 1992)

(granules) !

(ultrastructure)

(heterochromatin) (Avron and Ben-Amotz, 1992)

(mitochondria) !

(plasmalemma)

(reticulum)
(Klut et al., 1989)
Werz Kellner (1970) , (dictyosomes)
(golgi bodies) 2 4 (cistemae) 10

15

(endoplasmic reticulum, ER)

(endoplasmic reticulum)

(nuclear envelope) (Melkonian and

Preisig, 1984.) (hyperosmotic stress)

(Einspahr et al.,,
1988)



10

(vacuoles)
(stationary
growth phase) (Eyden, 1975 Hoshaw and Maluf, 1981) Bochem and Sprey (1979)
D. salina laser microscope mass analysis
energy dispersire x-ray analysis
(reproduction)
, (asexual reproduction) (sexual
reproduction)
(motile state)
Chlorophyceae (Lerche, 1937, Lebbe, 1925 Hamburger, 1905)

, (asexual cysts)

(Loeblich, 1969 Margulis et al.,
1980)
) (Masjuk, 1973a
1973b)
(isogamy) (gametic fusion)
Chlamydomonas (gametes)

(zygote)
32
(Lerche, 1937)
D. salina Teod. D. banJawi
D. salina Teod. D. bardawil
300 1,000 30 150
2,000 (Borowitzka and

Borowitzka, 1988a Ben-Amotz and Avron, 1990)



(beta-carotene)

10-14% (Borowitzka and Borowitzka,
1988b Cifuentes et al.,, 1992)
10% ( , NacCl)
(D. salina)
Great Salt Lake Utah Pink Lake
, 1J
(phototactical)
(films)
(Masjuk, 1973a, 1973b Borowitzka and Borowitzta, 1988a)
(carotenoids) (beta-carotene)
(aliphatic), - (aliphatic-
alicyclic) (aromatic) 5
(5 carbon isoprene groups) 8
(methyl groups) 2 1 6
1 5 - , (C-C
double bonds) (chromophoric) (Avron and Ben-Amotz,

1992)



2 (carotenes)
(xanthophylls) (hydrocarbons)

(oxycarotenoids)

19
(Avron and Ben-Amotz, 1992)

(provitamin A)

(antioxidation activity)

(Avron and Ben-Amotz, 1992)

(betaionone)

12

CAH 536.9 - , 11
, (violet-red)
stereogeometry all-irrans (all-£Erans beta-carotene)
(Bauemfeind, 1981 Isler, 1971)
0.01 10 100
Phycomyces blakesleanus Rbodotonila 5 0.5

( ) (Avron and Ben-Amotz, 1992)
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(stereoisomers of beta-carotene)

stereoisomer

2 9-cis beta-carotene all-trans beta-carotene (Ben-Amotz et al.,
1982, 1988 Shaish et al., 1990) 9-cis beta-carotene
5000
9-cis all-trans
beta-carotene (Ben-Amotz and Avron, 1990, Ben-Amotz et al., 1987
1988) 9-cis beta-carotene
2.4
99°/o0 all—
trans beta-carotene (D. bardawil)

all-trans beta-carotene

(Ben-Amotz et al. 1989a Ben-Amotz et al.,, 1990)
9-cis beta-carotene all-trans beta-
carotene all-trans beta-carotene
(organic solvents) 9-cis beta-carotene

(hydrophobic solvents)
(Ben-Amotz and Avron, 1990)



2.4

Avron and Ben-Amotz (1992)

all-trans

9-cis beta-carotene

14
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(Caroteneogenesis)

D. salina Teod.

D. bardawil 0.3%

10%
(parameters) ,
(Ben-Amotz et al.,, 1982., Loeblich, 1982

Semenenko and Abdullaev, 1980)

(NacCl) 4 M

(Ben-Amotz et al.,, 1982, 1987 Ben-Amotz and Avron, 1990)

1 2 (Avron and Ben-

Amotz, 1992)

(Ben-Amotz and Avron, 1989b)
(biosynthesis) D.

bardawil ,



16

4
(Avron and Ben-Amotz, 1992)
1 geranylgeranyl pyrophosphate (GGDP) mevalonic acid
2 (condensation) GGDP (phytoene)
3 (desaturation) (lycopene)
4 (cyclization)
2.5

(Ben-Amotz et al., 1982, Borowitzka and Borowitzka, 1988 , Ben-Amotz et al.,

1989b Ben-Amotz and Avron, 1989a)
1.
2. (Singlet oxygen quencher)
3.
D. bardawil
D. bardawil

(Borowitzka and Borowitzka, 1988h, Ben-Amotz and Avron, 1989a
1990)



2.5 (pathway)
9-cis

Avron and Ben-Amotz (1992)

all-Erans

17
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(magarine) (Borowitzka and

Borowitzka, 1990) (Ben-Amotz et al., 1986)

(Ben-Amotz and Avron, 1990)

: ]
(free radicals)

(Petro et al.,

1981) Mokady et al. (1989) D.
bardawil
99%
(all-trans beta-carotene) 500-600
200
(9-Cl's beta-carotene) 2
(Ben-Amota and Avron, 1990 Borowitzka, 1993)

(Borowitzka and Borowitzka, 1990 Cifuentes et al.,, 1992)
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(Vonshak, 1990)

330b
(Ben-Amotz and Avron, 1980)

2
(intensive cultivation)
(extensive cultivation)
(Borowitzka and Borowitzka, 1988a Ben-Amotz and Avron, 1989a)
(2540) (D. salina)
PVC
raceway
(2537)
2 D. salina D. bardawil

- Microbion Resources (San Diego California)

- Cyanotech (Woodinville, Washington)

- Salt Research Institute (Tianjn, China)

- Betatene (Victoria, Anstralia)

- Western Biotechnology (Bayswater, Anstralia)

- Nature Beta Technology (Haifa, Israel)
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(Avron and

Ben-Amotz, 1992)

(Mutation)

(mutants) D. bardawi]
(ultra violet, UV)
(Shaish et ., 1991)

(Vanshak, 1990, Ben-Amotz and Avron, 1989a Borowitzka
and Borowitzka, 1988a) 20

(Naghavi and Malone, 1986 Ben-Amotz and Avron,
1989a)

, , diatomaceous earth,

gyrotactic (Borowitzka and Borowitzka, 1988a)



(aluminium sulphate alum) (Cordero et al.,
1990), (Chitosan) (Promjaroen et al., 1992), (ferrous
feric sulphate), (ferric chloride), (lime) (Ben-Amotz

and Avron, 1989a)

raceway
(Richmond, 1987) (bioreactor)
(Lee, 1986)
(Spirulina), (Chlorella)

(Vonshak, 1987; Walach et al., 1987 Lee and Low, 1992)
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