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Astaxanthin is employed as 
healthy food and many 

clinical studies reveal its 
possible role in human 

disease treatment 

Brain Health
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Immune system 

modulation

Male Fertility
Joint, Tendon 
and muscle 
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Cardiovascular 
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Anti-Aging & 
Cellular health
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Adapted on Capelli et al. 2012

SYNTHETIC ASTAXANTHIN SHOWS 
20 TIMES LESS ANTIOXIDANT 
ACTIVITY WITH RESPECT TO 

NATURAL ASTAXANTHIN 

GLOBAL MARKET IS DOMINATED BY 
SYNTHETIC ASTAXANTHIN 
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MAIN SOURCES OF NATURAL 
ASTAXANTHIN IS H. pluvialis 

(now H. lacustris)

IT HAS THE CAPACITY TO 
ACCUMULATE 4-5% DRY WEIGHT 

UPON STRESS CONDITIONS
! VERY SLOW 

GROWTH RATE

DIFFICULT TO 
CULTIVATE

EXTRACTION 
VERY EXPENSIVE

SEVERAL CONSTRAINTS IN 
CULTIVATION AND EXTRACTION
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β-CAR          CANTHA          ASTA

H. pluvialis HAS TWO 
DIFFERENT PATHWAY FOR 

ASTAXANTHIN BIOSYNTHESIS

β-CAR           ZEA          ASTA
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Present: BKT sequence is present in C. reinhardtii   
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Present: BKT sequence is present in C. reinhardtii   

Longer C-term: 115aa extension absent in any ketolase
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Present: BKT sequence is present in C. reinhardtii   
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Present: BKT sequence is present in C. reinhardtii   

No astaxanthin: was ever found in C. reinhardtii

IS IT POSSIBLE TO PRODUCE ASTAXANTHIN IN CHLAMYDOMONAS? 

Longer C-term: 115aa extension absent in any ketolase

Expressed: BKT sequence is poorly expressed
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C-term removing

Codon usage optimization
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RED/ORANGE PHENOTYPE IS 
VISIBLE BY EYES

The accumulation of recombinant BKT-YFP protein in transformed 
cells was then verified by immunoblot developed using an 
antibody recognizing the fused YFP
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Neoxanthin
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N-TERMINAL 
CHARACTERIZATION

YFP CHLORO OVERLAY DIC
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C-TERMINAL 
CHARACTERIZATION

PsaD_BKT_YFP PsaD_BKT_cterm_YFP

0

20

40

60

80

100

120

 

 

k
e
to

c
a
ro

te
n
o
id

s
 (

%
 P

s
a
D

_
B

K
T

_
Y

F
P

)

P
sa

D

HSP70-Rbcs2 Cr BKT YFP

BKT
C-term

P
sa

D

HSP70-Rbcs2 Cr BKT YFP

35% less

PsaD_BKT_YFP PsaD_BKT

0

20

40

60

80

100

120

 

 

k
e

to
c
a

ro
te

n
o
id

s
 (

%
 P

s
a

D
_

B
K

T
_

Y
F

P
)

P
sa

D

HSP70-Rbcs2 Cr BKT YFP

P
sa

D

HSP70-Rbcs2 Cr BKT 

50% less



■ Introduction ■ Results ■ Conclusions  

Growth media:

TAP

HSM

Light intensity:

100 µE

500 µE

P
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UVM4 bkt5
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CHLOROPHYLL CONTENT 
IS STRONGLY REDUCED

THIS REDUCTION DOES NOT 
INTERFERE WITH GROWTH
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npq2  MUTANT ACCUMULATE 
COSTITUTIVELY ZEAXANTHIN

LINES WERE SELECTED AS UVM4 AND 
GROWN IN THE SAME CONDITIONS
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npq2  MUTANT ACCUMULATE 
COSTITUTIVELY ZEAXANTHIN

LINES WERE SELECTED AS UVM4 AND 
GROWN IN THE SAME CONDITIONS

KETO
ASTA

95 fg
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Light: 500 or 1000 uE

Media: HS or TAP

CO2: air or 3% CO2

CO2 INCREASES PRODUCTIVITY 

ORGANIC CARBON POSITIVELY 
EFFECTS PRODUCTIVITY

HS                                                                           TAP
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Light: 500 or 1000 uE

Media: HS or TAP

CO2: air or 3% 
CO2

CO2 INCREASES PRODUCTIVITY 

ORGANIC CARBON POSITIVELY 
EFFECTS PRODUCTIVITY
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SEMICONTINOUS CULTIVATION
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Light: from 1000 to 3000 uE

Media: HS or TAP

CO2: 3% CO2

CULTIVATION WITH VERY HIGH LIGHT
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AUTOTROPHY:
1 mg/l/day ASTAXANTHIN

1,5 mg/l/day KETOCAROTENOIDS

MIXOTROPHY:
3,1 mg/l/day ASTAXANTHIN

4,3 mg/l/day KETOCAROTENOIDS
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Extractability and 
bioavailability of 
astaxanthin from H. 
lacustris vs.  C. reinhardtii 
cells. 

>85% of astaxanthin in C. 
reinhardtii can be extracted by 
in vitro digestion simulation vs. 
0.35% in the case of H. pluvialis
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Bioaccessibility of 
astaxanthin from H. 
lacustris vs. C. reinhardtii   
cells. 

>85% of astaxanthin in C. 
reinhardtii can be extracted
by in vitro digestion
simulation vs. 0.35% in the 
case of H. pluvialis
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0,12-15 mg/L/day 3,1 mg/L/day

H. pluvialis C. reinhardtii

ASTAXANTHIN PRODUCTION IN C. REINHARDTII   IS POSSIBLE USING ENDOGENOUS BKT 

THE LONG C-TERM TAIL AND THE LOW STABILITY OF BKT PROTEIN COULD 
BE A PART OF THE CAUSE OF ABSENCE OF KETOCAROTENOID IN C. 
REINHARDTII

COMPARABLE YIELDS CAN BE OBTEINED WITH EXTERMELY SIMPLE SYSTEMS  

INCREASED BIOAVAILABILIITY
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