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 HISTORY  

Year Species Author 

1823 Lepraria kermesina Wrangel 

1836 Globularia kermesina Turpin 

1838 Haematococcus salinus/ Protococcus 

salinus 

Dunal 

1840 Monas dunalii Joly 

1841 Diselmis dunalii Dujardin 

1865 Chlamydomonas dunalii Cohn 

1872 Protococcus salinus Geleznow 

1886 Sphaerella lacustris var. Dunalii Hansgirg 

1891 Chlamydomonas dunalii Blanchard 

1905 Dunaliella salina Teodoresco 

1906 Dunaliella viridis Teodoresco 

1926 D. kermesina1 Labbé 

1935 D. peircei Nicolai&Baas-Becking 

1937 1. D. parva  

2. D. media 

3. D. euchlora 

4. D. minuta 

Lerche 

1938 D. spec. 1 

D. spec. 2 

D. spec. 3 

D. spec. 4 

Ruinen 

1956 

195 

D. bioculata Eddy 

Butcher 

1959 1. D. tertiolecta2 

2. D. primolecta3 

3. D. polymorpha 
4. D. quartolecta 

Butcher 

1969 D. turcomanica Masjuk 

1971 D. asymetrica  Masjuk 

1973a 
 

1. D. maritima  

2. D. granulata  

Masjuk 

1973b 1. D. terricola 

2. D. gracilis 

3. D. ruineniana  

4. D. baas-beckingii 

5. D. minutissima 

6. D. carpatica 

7. D. jacobae 

Masjuk 

1973c D. pseudosalina Masjuk and Radcnenko 

1978 D. bardawil4 Avron and Ben-Amotz 

1980 D.  marina Kombrink and Wöber 

 

Dunaliella 
1823-2006

The History Chapter

(Polle, Ben-Amotz, 2006)

Dunaliella Web Base
http://www.dunaliella.org/dunabase/



DunaliellaDunaliella, , ChlorophytaChlorophyta,, VolvocalesVolvocales

Marine unicellular alga

Butcher, 1959



Natural Bloom of Dunaliella 

Halotolerant Eukaryotic Alga

Surviving in 

saturated

salt (>32%)

to the Dead Sea

From Sea Water



Dunaliella, “Salt Loving Alga”
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Dunaliella parva     Dunaliella salina



Effect of Salt on Growth of D. salina

Halotolerant Alga 



Glycerol Content



Upshock



Glycerol and Volume Kinetic Response to Salt 





Dunaliella
Osmotic Down Shock





Dunaliella Plasmalemma Biphasic Membrane

Temperature Effect



Classical Photosynthesis and  Sugar Biosynthesis



Glycerol Biosynthesis



Biosynthesis of Glycerol in Dunaliella



Glycerol Biosynthesis and Degradation

Under Light and Dark









Glycerol Productivity



Photosynthetic Limitation of Long Term Algal Productivity

Theoretical Algal Productivity in Open Ponds

 

 

 
 

(%)    Reduction    Environment Factor 
100    -------    Solar light    

90    10%    Scattering and reflecting properties of surface    

45    50%    Absorption spectrum (depth of culture)    

11.3    75%    Photosynthetic efficiency (25%)    

4.5    60%    Light saturation (7-95%)    

4.3    5%    Respiration, photo-respiration, excretion    

3.8    10%    Photo-inhibition    

3.1    20%    Temperature    

===========================    ==================================    

Productivity  

4,000 kcal/m2/day    Mean daily solar intensity    

120 kcal/m2/day    Energy productivity at 3% efficiency    

25 g/m2/day    Algal biomass productivity (5 kcal/g)    

8.25 g/m2/day Glycerol 33% 

5 g/m2/day         Higher Plants Max (sugar cane, corn, wheat, etc.)  



Photosynthesis & Glycerol Productivity

Autotrophy
1% Photosynthetic Efficiency (PE)

Mean average daily solar intensity: 4,000 kcal/m2/day 

PE 1% = 40 kcal/m2/day 

Glycerol caloric value, 4.5 kcal/g 

Expected Glycerol Productivity 

/day 2g/m9 .8



all-trans ββββ-Carotene



Scheme of Carotenoids Chemical Synthesis

HL Roche 1950: all-trans ββββ-Carotene

all-trans ββββ-Carotene

15-cis ββββ-Carotene



Synthetic all-trans-ββββ-Carotene

Low fat solubility

Crystals

Oil emulsion



Colored Food 
all-trans-ββββ-Carotene



Colored Fish

Synthetic 

Carotenoids



Colored Eggs

Synthetic

apo-Carotenal



Biosynthesis of 

ββββ-Carotene in 

Dunaliella



Dunaliella: ββββ-Carotene Biosynthesis

Light & Salt Effect
(5mM KNO3)

D. salina
UTEX (Indiana) 

# 1644; Outdoors

D. bardawil

(self isolated

and selected strain)



D. bardawil: ββββ-Carotene Biosynthesis

Nitrate deficiency, chlorophyll inhibition

5mM
1mM

0.1mM 0.01mM

KNO3



D. bardawil, nutrient protocol:

phosphate, nitrate

P
PO4

N
KNO3

(NH4, Urea)



Dunaliella bardawil, ββββ-Carotene Biosynthesis

Light & Doubling time; car/chl = ∫hνννν x dt



Outdoor Cultivation of Dunaliella

> 10% ββββ-Carotene/DW

D. salina UTEX (Indiana) # 1644

D. bardawil
low salt, low nitrate, low night temperature, high light

(∫hνννν x dt) = high lipoid ββββ-carotene



Conclusion:

The lipoid β-Carotene in Dunaliella

protects the alga against damage by 

high irradiation.

The major function 

of the β-carotene is

light screening



Biosynthesis of Carotenoids

Polar pathway

Lipophilic pathway



Biosynthesis of Carotenoids & Isomers in Dunaliella

HPLC Analysis

Vydac TP column

ββββ-Carotene isomers, isoprene multi structure  



Light and ββββ-Carotene Stereoisomeric Ratio

car/chl & 9-cis/all-trans = ∫hνννν x dt

ββββ-carotene

9-cis/all-trans



9-cis ββββ-Carotene

is oily ββββ-carotene

with a major cellular function to 

dissolve the crystallized 

all-trans ββββ-carotene 

in the algal globules



Dunaliella
Biotechnology

Cultivation & Processing



Dunaliella Biotechnology 
Intensive Plant, NBT Ltd., Eilat, Israel, 100,000 m2



∫hνννν x dt



DUNALIELLA Harvesting
Westphalia Ltd., continuous centrifuges



Dunaliella
Spray Dried High ββββ-Carotene Powder



ββββ-Carotene Dunaliella Powder 

Vacuum Packing 



Dunaliella Capsules
300 mg dry powder/cap

20 mg ββββ-carotene

9-cis/all-trans 1:1



Dunaliella Intensive Plant 

Jilantai, China



Dunaliella Plant 

Jilantai, Inner Mongolia, China



Dunaliella Plant 

Kona Island, Hawaii, USA



Extensive Cultivation of Dunaliella

Australia

Electro-Magnet Harvesting

of non-flagellated hydrophobic Dunaliella

cysts (spores) 

by hydrophobic magnetite particles

Flocculation Harvesting

∫hνννν x dt



Extensive Cultivation of Dunaliella

Australia



Predators (hetero-amoebae) of Dunaliella

Salt Elimination Effect



Indoor Dunaliella Cultivation  

Zooplankton Infestation



Bacterial Contamination
Halobacterium halobium



Selection and Production
of

phytoene/phytofluene

Colorless Carotenoids
by

Dunaliella



Absorption Spectra of Carotenoids



Biosynthesis of Carotenoids

Phytoene desaturase



SELECTION OF PHYTOENE-RICH 

DUNALIELLA

Mutagen & Norflurazon (bleaching herbicide)

Light intensity

PHYTOENE



Response of ββββ-carotene and Phytoene 

to Norflurazon

phytoene

ββββ-carotene



3D HPLC of Dunaliella ββββ-Carotene/Phytoene Extract



ββββ-Carotene Dunaliella

ββββ-Carotene globules



Phytoene Dunaliella

Phytoene Globules



Phytoene, ββββ-carotene-rich Dunaliella
HPLC analysis
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Phytoene, 9-cis/all-trans = ∫hνννν x dt

9-cis Phytoene

all-trans phytoene

phytoene

9-cis/all-trans





Phytoene/Phytofluene

Dunaliella 

Outdoors scale-up



Phytoene Dunaliella Micro-Ponds (50L)

The Weitzman Institute



Phytoene Dunaliella, Light shading



NBT Ltd., Eilat, Israel, Scale-up ponds (60 m3)

Phytoene

Dunaliella



Phytoene Dunaliella,

Production Pond (3,000 m2, 600 m3 ), NBT Ltd., Eilat



Phytoene Dunaliella, Spray Dried Powder
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Conclusion

Dunaliella can be controlled and 

manipulated

to produce large scale of 

new carotenoids



The ββββ-carotene in Dunaliella (and in fruits & vegetables) is composed of various 

stereoisomers of special nutritional, medical and biotechnology interest



ββββ-carotene/phytoene/phytofluene 

Dunaliella 

Feeding Studies 

Chicks & Chickens



Chicks Study

+ DunaliellaNo Vitamin A + Vitamin A + Synthetic ββββ-carotene



Chicken Study 

Vitamin A deficiency & Dunaliella

Dunaliella 
ββββ-carotene or phytoene

No Vitamin A



Phytoene Dunaliella
Chicken Study

Control Dunaliella

Xanthophylls
(no ββββ-carotene,

no phytoene)



ββββ-carotene/phytoene/phytofluene 

Dunaliella, Feeding Studies

Mice & Rats



Rats fed phytoene Dunaliella
weight gain and hepatic content



HPLC fluorescence (and absorption) analysis of  

liver extracts of tats fed phytoene Dunaliella diet
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Phytoene in rat tissues 

Total (mg/100 mg wt) and plasma (mg/l) 

9-cis & all-trans 



ββββ-Carotene

Friend? 1980-90 
or 

Foe? 1990-2000



Vitamins, the boom 1980-1990



“ββββ-Carotene Prevents or Delays Cancer”, Roche 1986



The Rise and Fall of ββββ-Carotene
Omenn 1998



Could Synthetic ββββ-Carotene Be the Real Problem?



ββββ-Carotene & Phytoene Dunaliella

Capsules for Human Studies



Phytoene & ββββ-carotene
Dunaliella Capsules 

for human studies

Specifications:
β-Carotene or phytoene, 5%

9-cis/all-trans, 50%

Total bacteria less 3000/g

Molds, 0

Yeasts,  0

Heavy metals less 0.1ppm
Phaeophorbide less 100 mg%

Toxicology
& More

Phytoene ββββ-Carotene



Dunaliella Carotenoids
Nutritional & Medical Effect

1. Antioxidants, cellular level?

2. Pro-retinoic acids, molecular level?
3. Structural?

4. Other?



Dunaliella
Recent Nutritional & Medical Manuscripts



ββββ-Carotene, the Packaging Structural Model
All-trans (crystals, not absorbed)

All-trans/9-cis (absorbed)

9-cis (absorbed)



Conversion of 9-cis-ββββ-Carotene

to all-trans & cis-Retinoids



99--cis cis ββββββββ--CaroteneCarotene 99--cis & allcis & all--trans Retinoic acid trans Retinoic acid 

PPARPPAR
RXR     RXR     propro--RXRRXR

RARRAR propro--RARRAR

AGGTCA TAGGTCA Target Gene

PPREPPRE

NucleusNucleus

DunaliellaDunaliella

Metabolic functionMetabolic function

DiabetesDiabetes

AtherosclerosisAtherosclerosis

Crohn’s DiseaseCrohn’s Disease

Dunaliella Dunaliella 
Metabolic Molecular Function

9-cis phytoene
9-cis & all-trans pro-retinoic acid

Phytoene-Dunaliella



Dunaliella

Possible Molecular Cellular Activity
RAR & RXR; pro-RAR & pro-RXR 

all-trans ββββ-carotene: 2 RAR; 9-cis ββββ-carotene: RAR & RXR

all-trans phytoene: 2 pro-RAR; 9-cis-phytoene: pro-RAR & pro-RXR

Medical molecular heterodimerization with certain drugs



 

 

 

 

Summary: 
The ability to induce, modify 

and scale up the alga 

Dunaliella to produce glycerol 

and a series of uncommon new 

carotenoids opens attractive 
line in the area of algal 

biotechnology for energy, 

nutrition and medicine  
 



The Future of Dunaliella

October 2005

USA, DOE

Dunaliella Genome

Food

AgricultureMedicine

Energy



Thank You
Biology, Biochemistry, Physiology: IOLR, WIS, IL

Biotechnology: NBT, IL; Cognis, AU; Lantai, China; others

Animals: Technion, Sheba, IL

Human: Medical Centers; Sheba, Hadassah, Rambam, Rabin, IL

and others


