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HISTORY

Year Species Author
1823 Lepraria kermesina Wrangel y ’
1836 Globularia kermesina Turpin )
1838 Haematococcus salinus/ Protococcus | Dunal r'd
salinus O
1840 Monas dunalii Joly ()
1841 Diselmis dunalii Dujardin
1865 Chlamydomonas dunalii Cohn
1872 Protococcus salinus Geleznow C
1886 Sphaerella lacustris var. Dunalii Hansgirg
1891 Chlamydomonas dunalii Blanchard ) D ~ D A
1905 | Dunaliella salina Teodoresco ol 9 D
1906 Dunaliella viridis Teodoresco
1926 D. kermesina' Labbé
1935 D. peircei Nicolai&Baas-Becking
1937 1. D. parva Lerche
2. D. media S
3. D. euchlora i i ’ { ¢
4. D. minuta vaxitll U
1938 D. spec. 1 Ruinen ] (]
D. spec. 2
D. spec. 3
D. spec. 4
1956 D. bioculata Eddy
195 Butcher
1959 1. D. tertiolecta® Butcher . §
2. D. primolecta’ ' b Q
3. D. polymorpha L ‘ :
4. D. quartolecta Wl L ‘
1969 D. turcomanica Masjuk o ) : ,
1971 D. asymetrica Masjuk ) : 4’ o
1973a 1. D. maritima Masjuk . L3
2. D. granulata /
1973b 1. D. terricola Masjuk
2. D. gracilis
3. D. ruineniana
4. D. baas-beckingii
5. D. minutissima
6. D. carpatica /
7. D. jacobae
1973c¢ D. pseudosalina Masjuk and Radcnenko
1978 D. bardawil® Avron and Ben-Amotz -
1980 D. marina Kombrink and Wober ==
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Natural Bloom of Dunaliella
Halotolerant Eukaryotic Alga

Surviving in
saturated
salt >32%)

to the Dead Sea

From Sea Water




Dunaliella, “Salt Loving Alga”




Dunaliella

Osmotic

Glycerol

Cytoplasm elastic
membrane,
no cell-wall




Dunaliella parva Dunaliella salina
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Effect of Salt on Growth of D. salina

Halotolerant Alga

Dunaliella salina
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Glycerol Content
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Fig. 4.3. Intracellular glycerol concentration in Dunaliella as a function of the

medium salt concentration in which the algae were cultivated.
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Glycerol and Volume Kinetic Response to Salt
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2.3M

Glycerol
s NaCl
0.8M Non&rpetabolic : -
Glycerol | 0.5M conaions H-0
NaCl (instantaneous)
: H20 § -
e e S LB SN
* Metabolic conditions
(a.few hours)
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Hzo : _ Hzo

Fig. 4. Schematic representation of the volume changes
of Dunaliella in response to hypertonic or hypotonic
conditions.

-




S
~
LW
=

S

S

S
=

Down Shock

1C

Osmot




Note:

Response

Plasma membrane phenomena

Fusion with cytoplasmic vesicles
Infoldings

Lipid ordering

Permeability changes

Na™ influx

Hyperpolarization

Inositol phospholipid turnover
Choline phospholipid turnover
Phosphorylation, 45-kDa polypeptide
Synthesis of 150-kDa polypeptide
Enhanced carbonic anhydrase

Internal factors

pH drop

pH rise

Pi rise

Polyphosphate metabolism
ATP, NAD(P) changes

TABLE 2
Salt Responses in Dunaliella

Remarks

do, 1.t

up, f, t

up, f, t

up and do, f, t

up, I, t

up, f, t

da, £ &

up, f, t

up

high salt, slow adaptation
high salt, slow adaptation

up, f,t

up, $

up

up and do

up and do, secondary

112

113

115, 116

114

107, 108, 116
76
79,193,112
95, 112

132

87, 131

108

105, 127, 128

41, 28

109, 114, 129

74, 91, 102, 107,
109

do, downshock (hypoosmotic); up, upshock (hyperosmotic); f, fast; t, transient; s, slow.




Dunaliella Plasmalemma Biphasic Membrane
Temperature Effect
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Classical Photosynthesis and Sugar Biosynthesis
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Biosynthesis of Glycerol in Dunaliella
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Glycerol Biosynthesis and Degradation
Under Light and Dark

GLYCEROL METABOLISM
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TABLE 1
Enzymes Involved in Glycerol Metabolism in Dunaliella

Enzyme Special characteristics Ref,

Starch mobilization

Starch phosphorylase PiT, pHac 1, NaCl 1 105

Amylase DTT 7 , pHac | 105

Maltase pHac | 105

Starch synthases(3) — 104
Glycolysis

Phosphofructokinase® Pit |,PGA|,PEP|, Gly3P |, 105, 106

ATP?T |, NaCl | , pHac |
Pentose phosphate pathway

Glucose 6-P dehydrogenase IDTT 105

P-Gluconate dehydrogenase — 105
Glycerol/DHAP

Glycerol-3-phosphate Pil..pHE | 100—103

dehydrogenase®

Glycerol-3 phosphatase Pil,Cal, NaCl| 98, 99

Dihydroxyacetone reductase ~ NADP sp., high Km (glycerol), pH 1 | 4

Dihydroxyacetone kinase high subst. sp. 96, 97

Note: T, activator; | , inhibitor; 1 | , complex regulation: pHac, acidic; sp., specificity.
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VI. SUMMARY

The following observations reflect the work done to date on the genus
Dunaliella:

Dunaliella adapts to high extracellular osmotic stress by synthesis of
intracellular glycerol.

Glycerol is produced either photosynthetically or by degradation of
starch reserves.

The induction of glycerol synthesis or reassimilation is triggered by

volume changes.

Activation of glycerol synthesis does not involve de novo protein syn-
thesis. Glycerol phosphate dehydrogenase and phosphofructokinase are
probably the checkpoint enzymes which control glycerol synthesis.
The molecular mechanism which trigger glycerol production in Dun-
aliella 1s not known. Changes in the plasma membrane, inorganic phos-
phate, and pH following osmotic shocks suggest that a plasma membrane
sensor as well as soluble metabolites are involved in the activation of
glycerol synthesis.




Glycerol Productivity
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PHOTOSYNTHETIC SOLAR ENERGY CONSERVING SYSTEMS

- Maximal yield
. Photosynthesis H O+CO2 —#[CH20 ]'I'O2 10%

2
; H2 production H2O L AP H2+ "502 12%

hv ,
Glycerol pro-- 4H20+3CO2 —>C3H802+3 L 02 10%
duction

. Methane " 2[CH20] — CO,+CH,

. Electricity produced 2%
from methane

6%




Photosynthetic Limitation of Long Term Algal Productivity
Theoretical Algal Productivity in Open Ponds

Environment Factor Reduction (%)
Solarlight 1 emmmee- 100
Scattering and reflecting properties of surface 10 % 90
Absorption spectrum (depth of culture) 50% 45
Photosynthetic efficiency (25 %) 75 % 11.3
Light saturation (7-95%) 60 % 4.5
Respiration, photo-respiration, excretion 5% 4.3
Photo-inhibition 10 % 3.8
Temperature 20% 3.1

Productivity

Mean daily solar intensity 4,000 kcal/m?*/day
Energy productivity at 3% efficiency 120 kcal/m*/day
Algal biomass productivity (5 kcal/g) 25 g/m’/day
Glycerol 33% 8.25 g/m*/day
Higher Plants Max (sugar cane, corn, wheat, etc.) 5 g/mzlday




Photosynthesis & Glycerol Productivity

Autotrophy
1% Photosynthetic Efficiency (PE)
Mean average daily solar intensity: 4,000 kcal/m?/day

PE 1% = 40 kcal/m?/day
Glycerol caloric value, 4.5 kcal/g

Expected Glycerol Productivity
8.9 g/m?*/day




all-trans 3-Carotene
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Beta-Carotene
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Scheme of Carotenoids Chemical Synthesis

HL Roche 1950: all-trans B-Carotene
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Synthetic all-trans-B-Carotene

Low fat solubility g
Crystals e
| }— T::f | Beta Caro[ené f‘l'rom”
; \ - ROCHE in the
- M

production of high
standard foods.

Ask ROCHE for
advice, know-how and
top-quality products.




Colored Food

all-trans-B-Carotene

Beta carotene — also known as pro vitamin A Beta carotene is commonly used as a colorant and to
- s ::‘!d in soft gelatin capsules to the health provide vitamin A fortification to margarine.
ustry.
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Colored Eggs

Synthetic
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Biosynthesis of

B-Carotene in
Dunaliella




Dunaliella: B-Carotene Biosynthesis

Light & Salt Effect
~ (5SmM KNO;)
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D. bardawil: B-Carotene Biosynthesis
Nitrate deficiency, chlorophyll inhibition




D. bardawil, nutrient protocol:
phosphate, nitrate
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Dunaliella bardawil, 3-Carotene Biosynthesis
Light & Doubling time; car/chl = |hv . dt
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Outdoor Cultivation of Dunaliella
> 10% pB-Carotene/DW

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

(hvx dt) = high lipoid B-carotene




Conclusion:
The lipoid B-Carotene in Dunaliella
protects the alga against damage by
high 1rradiation.

The major function
of the 3-carotene is
light screening




Biosynthesis of Carotenoids
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Biosynthesis of Carotenoids & Isomers in Dunaliella

B-Carotene isomers, isoprene multi structure
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Light and B-Carotene Stereoisomeric Ratio

car/chl & 9-cis/all-trans = [hv . dt
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9-cis 3-Carotene
is oily B-carotene
with a major cellular function to

dissolve the crystallized
all-trans -carotene
in the algal globules




Dunaliella

Biotechnology

Cultivation & Processing




Dunaliella Biotechnology
Intensive Plant, NBT Ltd., Eilat, Israel, 100,000 m?
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DUNALIELLA Harvesting

Westphalia Ltd., continuous centrifuges
' \




Dunaliella
Spray Dried High [3-Carotene Powder




B-Carotene Dunaliella Powder
Vacuum Packing




Dunaliella Capsules

300 mg dry powder/cap
20 mg B-carotene
9-cis/all-trans 1:1
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Dunaliella Plant
Jilantai, Inner Mongolia, China




Dunaliella Plant
Kona Island, Hawaii, USA




Extensive Cultivation of Dunaliella
Australia
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Electro-Magnet Harvesting
of non-flagellated hydrophobic Dunaliella
cysts (spores)

by hydrophobic magnetite particles




Extensive Cultivation of Dunaliella
Australia
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Predators (hetero-amoebae) of Dunaliella
Salt Elimination Effect
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Indoor Dunaliella Cultivation
Z.ooplankton Infestation




Bacterial Contamination
Halobacterium halobium




Selection and Production
of

phytoene/phytofluene

Colorless Carotenoids
by

Dunaliella




Absorption Spectra of Carotenoids

Beta-carotene
Zeta-carotenes
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Biosynthesis of Carotenoids
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GGPP SYNTHETASE

SELECTION OF PHYTOENE-RICH

DUNALIELILA

Light intensity
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CAROTENOID PIGMENTS Mutagen & Norflurazon (bleaching herbicide)



Response of 3-carotene and Phytoene
to Norflurazon
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Phytoene Dunaliella

Phytoene Globules




Phytoene, B-carotene-l’iCh Dunaliella

HPLC analysis
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2D HPLC profile of Dunaliella ( 287 nm )
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Phytoene/Phytofluene

Dunaliella
Outdoors scale-up




oene Dunaliella Micro-Ponds (50L)

The Weitzman Institute




oene Dunaliella, Light shading




NBT Ltd., Eilat, ISI'ael, Scale-up ponds (60 m?)

Phytoene
Dunaliella




Phytoene Dunaliella,

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




Phytoene Dunaliella, Spray Dried Powder

Phytoene isomers
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Conclusion
Dunaliella can be controlled and
manipulated

to produce large scale of
new carotenoids




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

stereoisomers of special nutritional, medical and biotechnology interest




B-carotene/phytoene/phytofluene
Dunaliella

Feeding Studies

Chicks & Chickens




Chicks Study
QD T




Chicken Study
Vitamin A deficiency & Dunaliella

No Vitamin A Dunaliella
B-carotene or phytoene




Phytoene Dunaliella

Chicken Study

Xanthophylls

(no B-carotene,
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B-carotene/phytoene/phytofluene
Dunaliella, Feeding Studies

Mice & Rats




Rats fed phytoene Dunaliella

weight gain and hepatic content

Table 1
Weight gain (g) and tissue weight (g/100 g BW) of rats fed on control
diet, and on diet supplemented with either phytoene-rich Dunaliella or
placebo*

Control Phytoene Placebo
Body weight 71.15 %= 7.34 78.23 = 4.51 T2:33 = 832
Liver 422 £ 045 4.18 £ 0.53 4.51 £ 0.55
Spleen 0.52 +£0.23 0.43 = 0.05 043 * 0.04
Kidney 1.23 £ 0.09 1.31 £ 0.06 1,28 0:11
Heart 0.48 = 0.04 0.47 = 0.04 0.48 = 0.04
Lung 0.78 = 0.09 0.73 = 0.08 0.80 = 0.10
Brain 1.48 = 0.19 1.41 = 0.09 1.46 = 0.07

* Value are means * SD.

Table 2

Hepatic concentration (pumol/100 mg wt) of phytoene, phytofluene,
vitamin A and total carotenoids in rats fed on diet supplemented either
with phytoene-rich Dunaliella or placebo (ND, not detected)*

Phytoene Placebo
Phytoene » 0.440 = 0.023 ND
Phytofluene 0.022 £ 0.002 ND
Vitamin A +—> 0.053 = 0.003 0.011 = 0.002°

Total carotenoids 0.010 = 0.001 Traces

* Values are means = SD. Values in a row with® differ significantly (P
< (0.05).



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

Phytoene Phytoene Stereoisomers Placebo
(9-cis-to-all-trans)

Liver 242.25 £12.75 1/3 ND

Adrenal 9.20+1.21 1/1 ND
Spleen 3.74+0.77 1/3 ND
Kidney 2.68 £ 0.38 1/3 ND
Brain Traces ND
Heart ND )
Lung ND ND
Plasma 6.50 £ 1.21 \]))
RBC Traces ND




B3-Carotene
Friend? 1980-90

or
Foe? 1990-2000




Vltamlns, the boom 1980-1990
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Do You Know What
You're Swallowing?




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

MNutritionists have found that °
people with a daily intake of fruit
“and vegetables fich in Beta-Carotene
have a lower risk of'cancer. ™
Scientists have shown

in the laboratory that

Beta-Carotene is able to /
prevent or delay cancer.

Beta-Carotene Is

'a very promising

nutritional factor in
cancer prevention.

ror scienting PuLdauu 15

please contact ROCHE




The Rise and Fall of B-Carotene
Omenn 1998

Annu. Rev. Public Health. 1998. 19:73-99
Copyright (€©) 1998 by Annual Reviews. All rights reserved

CHEMOPREVENTION OF LUNG
CANCER: The Rise and Demise
of Beta-Carotene

CHEMOPREVENTION OF LUNG CANCER

Table 1 Relative risk comparisons
Gilbert S. Omenn

Lung cancer Mon'ality Former address: School of Public Health & Community Medicine, University of
- Washington, Seattle, Washington 98195-7230 and Fred Hutchinson Cancer Research
Relative . 95% Relative 95% Center, Seattle, Washington 98109-1024; Current address: University of Michigan,
Risk CI Risk CI Ann Arbor, Michigan 48109-0624; e-mail: gomenn@umich.edu
ATBRC 1.18 1.03-1.36 1.08 1.01-1.16 KEY WORDS: fruits/vegetables, carcinogenesis, vitamin-supplements, antioxidants, vitamin A
CARET 1.28 1.04-1.57 1.17 1.03-1.33 A
PHS 093  0.69-126 102  093-1.11 . | cetinoids ere the o -
Linxian Study . . 0.91 0.84-0 99 eta-carotene and retinoids were the most promising agents against common

cancers when the National Cancer Institute mounted a substantial program of
population-based trials in the early 1980s. Both major lung cancer chemopre-
vention trials not only showed no benefit, but had significant increases in lung
cancer incidence and in cardiovascular and total mortality. A new generation of
laboratory research has been stimulated.

Rational public health recommendations at this time include: 1. Five-A-Day
servings of fruits and vegetables, a doubling of current mean intake; 2. systematic
investigation of the covariates of extremes of fruit and vegetable intake; 3. dis-
couragement of beta-carotene supplement use, due to adverse effects in smokers
and no evidence of benefit in non-smokers; 4. multilevel research to develop and
evaluate candidate chemoprevention agents to prevent lung and other common
cancers; and 5. continued priority for smoking prevention, smoking cessation,
and avoidance of known carcinogens in the environment.




Could Synthetic 3-Carotene Be the Real Pro

Could Synthetic Beta-Carotene Be the Réal Problem?

Copyright ) 1996 by Jack Challem, The Nutrition Reporterm
All rights reserved
This article is from the September 1996 issue of The Nutrition Reporterm newsletter

Smokers who look bela-carotene supplements in recent e enls may have faced a greater
risk of lung cancer because they took the synthetic form of the nutrient, a new study
SU :sls. The subtle differences belween synthetic and natural beta-carotene do appear lo
influence how the body uses the nutrient. ;
|
Synthetic beta-carolene ¢ sts of just the lrans" isomer of the nulrienl, where: 15 nalur al
beta-carotene consists of two different isomers, "9-cis" and "all-trans.” Isomers
molecular formula, but a different arrangement of atoms. They're a little like
which the letters of one word can be re anged to form another, such as "star" and
x .
turns out that thé natural ’is is is a. more polen ioxidant than the all-trans,
i \merican Journal

as something the

In e¢xperiments at el ational Institute of Oceanography, the researchers g
healthy men supplements of either natural bela-carotene from Dunaliella :
inalyses showed the presence of the al iso I -carolene,
beta-carotene. However, the researchers looked

licating the presence and acti of the natural

Ben-Amolz and Levy reported experiments showing that the natural 9-cis isomer was rapidly
used up in quenching free radicals and preventing oxidative da ge to cell fats. In contrast,
much of the all-trans isomer was converted to vitamin A, which is a very weak antioxidant

Ben-Amolz and Levy wrole that the differences belween natural and synthetic bela-carotene
'should provoke I in scientific atlention to natural sources of carolenoids andWheir role
in cancer prevention." They urged that researchers pay more attention to the different isomers
of beta-carotene

An earlier study, in Free Radical Biology L\. Medicine (1994;17:77-82) also showed that the
natural 9-cis isomer is a more pote 3 nt than the all-trans form

I'he informatic
educational and no ‘or diagnosis t]\_! .[m‘[lxni consult your
physi

['he '\uh tion RLP\ rler - .J!‘lj-]ll,'l_l 07
lllﬂu'l'l‘lllll\i:i.' on T rl

g/ (The Nutrition RL;H |lu I]\‘!:H_F\!"ll
www.orle ‘-:_( ‘hallem/Synth beta.html




B-Carotene & Phytoene Dunaliella

Capsules for Human Studies
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Tuncllly Phytoene &« 3-carotene O
¢ O\ == Dunaliella Capsules s
i~ °® @/ o U ° 2 e kol ;v ;'V:"“Q;“Sr
<2 23S for human studies o

Phytoene B-Carotene

- & = &= Specifications:

B-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

21 11 2004 -




Dunaliella Carotenoids
Nutritional & Medical Effect

1. Antioxidants, cellular level?

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




Journal of Nuiritional & Environmental Medicine (1999) 9, 23 21

Departments of ‘Medicine D, *Nutrition and Die
Haifa, Israel; *Rappaport Faculty of Medicine,

Dunaliella

Recent Nutritional & Medical Manuscripts

Research Communications

Availability and antiperoxidative
effects of B-carotene from Dunaliella
bardawil in alcohol-drinking rats

Mok J, Werman, Ami Bew-Amatr, and Shoshang Mokady

Antioxidant Vitamin Intake in Adolescent Israeli Girls

YISHAI LEVY,'* GEILA S. ROZEN,” EFRAT MARMOR,'? AMI BEN-AMOTZ,*

AND RUTH MOSHE?

Institute of Oceanography,

5, Rambam Medical Center,
Technion, Haifa, Israel; ‘National
laifa, Israel

Radiat Environ Biophys (1998) 37: 187-193

ok & Coits Fouadation o A

ORIGINAL PAPER

Dietary Dunaliella bardawil, a B-Carotene—Rich Alg
Against Acelic

Protects
Acid-Induced Small Bowel Inflammation in Rats

Ami Ben-Amotz - Shaul Yatziv - Mordechai Sela
Simon Greenberg - Boris Rachmilevich
Masha Shwarzman - Ze’ev Weshler

Effect of natural p-carotene supplementation in children
exposed to radiation from the Chernobyl accident

Alexandra Lavy, Ychezkel Naveh, £Raymond Coleman, §Shoshana Mokady, and

§Moshe J. Werman

ORIGINAL ARTICLE

Natural B-Carotene for the Prevention of
Post-ERCP Pancreatitis

A. Lavy, MD,* 4. Karban, MD, A. Suissa, \lvfl\ )u\mr MD. 7 I. Hermesh, MD, f and
A

may ben
Pcaroiene. Key Words:
Antioxidants—p- Carolene—Ac

Available online at www.sciencedirect.com

!cl:nc:@omsc'r-

Mutrition Rescarch 25 (21

NUTRITION
RESEARCH

The imbalance between the production of free radicals
and he atosidant dfencs maybeivolved n he phogen-
Oxidative stress can cause cell in-

Objective: Endoscoy
(ERCP) is a commonly used p
momcompeaton Axh iy may b e by xidoe e
it could be ameliorated by antioxidants.

mmw necrosis or apoptosis.'! Any trauma

eyte recruitment and activa-
hidonic acid rele
p . haem protein relea
et 2 hich sl contbte o he xsdat s
Such an event may be ERCP.'* Oxidative stress is pos-
atiis according oour  tulated m‘»\
s wos ot s i

he plac

orprosedune
wa exidation

Selective distribution of fi-carotene
stereoisomers in rat tissues e

a erucial role

Ami Ben-Amotz**, Baruch Volkis®, Shoshana M r\kad}-h

“firael Oceanographic and Limn h, The i I
Tel Shikmona, Haifa 31080, lwaet
d -

Conelusion: We did not see a reduction in the incidence o
ERCP pancreatits, but there may
ment with -carotene regarding the

& of Oceaanog

shown to prevent.
fect may be throy
B-carotene. Howe
to show beneficial effects. ™1° The arificial B-carotene is a
all-trans isomer and is different from the natural 9-cis all-trans
isomer. The later was shown to accumulate in tissues and pre-
vent LDL oxidation, thus showing in vitro antioxidative prop-
erties.®4

We used alga-derived B-carotene, which is a mixture of

EDgparon:
Received 4 February 2

n, Haifa 31080, forasd Key Waords: ERCP, ant

idants, pancres

(Pancreas 2004:29:c45-¢50)

RCP i 3 common cause of pincratc enzyme clvations
ip 10 70% of the patients cute atits. Acute

EFFECT OF DIETARY SUPPL

MENTATION OF B-CAROTENE ON HUMAN

TH RNAL OF
i Nutriti n;i i MONOCYTE-MACROPHAGE-MEDIATED OXIDATION OF LOW DENSIT
Hlocrl;emlirry LIPOPROTEIN

Jounal of Nuriti

semistry 13 (2002) 585-581

Prevention of exercise-induced asthma by a
Bioavailability of the isomer mixture of phytoene and phytofluene-rich natural isomer mixture of B-CB.I‘OIEHE

2o £ YISHAILEVY', MARIELLE KAPLAN', AMI BEN-AMOTZ? and MICHAEL AVIRAM!
alga Dunaliella bardawil in rat plasma and tissues

Lipid Rescarch Laboratory, Rambam Medical Center and Rappaport Faculty of Medic
Research in the Medical S es, Technion-Isracl Institute of Technology, an

nd Institute for

Moshe J. We

Shoshana Mokady", Ami Ben-Amotz™*

National Oceanographic

Antioxidants may reduce risks of cardiovascular and neoplastic diseases based on basic,
animal and epidemiological research. Therefore, dictary fat-soluble antioxidant vitamin
intake and plasma concentration in healthy adolescent girls was investigate
selected since dictary antioxidant protection against major illnesses is a lifelong require
ment and because healihy dietary habits are adopted at an early age and are ofien modified
during adolescence. Seventy-one high school girls, age range 15-18 years, were studied by
a semi-quantitative food frequency questionnaire. Plasma antioxidants were measured by
high-performance liguid chromatography (IIPLC) in 16 girls. The diet //ruudv ed 30% fat
with g caloric intake of 34 keal kg ' body weight. Vitamin A iniak
da _carotene intake was 6.2+ 4.2 mgiday i viamin £ o
da us, only vitamin E iniake was below the recommended allowance for this age
mm and compared 10 the USA iniake survey ai the same age and sex. Plasma antioxidants
all within normal range as compared with other studies. Thus, according 10 this study,
Toracl adotescent girs consume.a suboptimal amouni of vitamin £ in their dich, bu
sufficient in other fat soluble antioxidants. Though this apparently unbalanced antioxidant
intake is not reflected in abnormal plasma concentrations, high intake of vitamin E should
be encouraged in order to obiain the maximal benefit from exposure 10 dietary antioxidants
throughout life.

Keywords: antioxidants, caroienoids, vitamin F, adolescence.
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INTRODLCTION

Re Institute, Haifa, Isracl
L a s fsrwel [
aphy, el Ok
avermber 2001, received in revised form 25 April 2002; ocoeptod § May 2002
7 ABSTRACT.  Oxidative modification of low density lipoprotein (LDL), a key step in carly
This age. s atherosclerosis, is protected by the lipoprotein-associ oxidants. The present study ana-
s Th lyzes the effect of P-carotene in plasma, in LDL and in monocyle-macrophages, on macro-
‘phage-mediated oxidation of LDL. We investigated the effect of dietary supplementation of f.
METHODS arotene on plasma lipid peroxidation [induced by AAPH A midinopropane hy
drochloride)] and on cell-free and cell-mediated oxidation of LDL by human monoc
in ‘macrophages (HMDM) in the presence of CuSO,. Significant enrichment w
was 2.2+ 1.0mg noted in plasma (iwofold), in LDL (2.6-fold) and in HMDM (1.6-fold) 2 we
was 4«‘? t2.0mg supplementation with 180 mgday of B-catotenc. Plasma lipid peronidaton analy
;HMH‘,"\ i Reais: | gated dienes generation decreased by 22% (P <0.01) and LDL susceptibility to oxidati

ana
Tyzed by malondialdehyde generation decreased by 40% (P <0.01). After P-carotene supple
‘mentation, B-carotenc-enrichment of HMDM did not affect HMDM capacity to dxidize native
LDL, whercas P-carotene enrichment of LDL significantly reduced LDL oxidation. In conclu
sion, then, our results suggest that f-carotene content of LDL, but not that of the macrophages,
is responsible for the inhibition of oxidation of LDL

Isr J Med Sci 1996;32:473-478

Keywords: hyperlipidemia; B-carotene; low density lipoprotein; mactophage; oxidation



B-Carotene, the Packaging Structural Model
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Conversion of 9-cis-B-Carotene
to all-trans & cis-Retinoids




9-cis B-Carotene — 9-cis & all-trans Retinoic acid )
9-cis phytoene —

A A 9-cis & all-trans pro-retinoic acic

Dunaliella Phytoene-D;maliella.
@

PPAR A

/\
@ s—————========FMetabolic function

Target Gene
Diabetes

Atherosclerosis

Crohn’s Disease

Dunaliella
Metabolic Molecular Function




Dunaliella

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

all-trans [3-carotene: 2 RAR; 9-cis 3-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

Agriculture




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

e ¢




