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Influence of High Light and Nitrate Deprivation on the Carotenoid Biosynthesis in Haematococcus plu-
vialis. Yun, Ji-hyun, In-kyu Kwak, and EonSeon Jin*. Department of Life Science, Hanyang University of
Korea — The unicellular green alga, Haematococcus pluvialis used as a biological production system for astax-
anthin, It accumulates large amounts of the red ketocarotenoid astaxanthin when exposed to various environ-
mental stress such as active oxygen species and high light intensities. To induce astaxanthin biosynthesis of H.
pluvialis, cells were incubated in either nitrate free at 25°C under continuous high light intensity (1,000 umol
photons m?s™!) for 2 days or high light stress only. Expressions of astaxanthin biosynthetic genes such as car-
otenoid hydroxylase, IPP isomerase and B-carotene ketolase were monitored under different culture condi-
tions by using real time RT-PCR. All the subjected genes increased their expression under highlight and N-
deprivation condition where a large amount of astaxanthin was accumulated.
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Fig. 1. Astaxanthin structure.
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Fig. 2. Biosynthethic pathway of astaxanthin in Haematococ-
cus pluvialis. Tsopentenyl pyrophosphate; IPP, Dimethylally pyro-
phosphate; DMAPP, Phytoene synthesae; PSY, Phytoene desa-
turase; PDS, “carotene desaturase; ZDS, Lycopene f cyclase;
LYC, B-carotene ketolase; BKT, Carotenoid hydroxylase; CHY.
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Celle| HiJH=M3 carotenocid MEN [

B Aol A8l Haematococcus pluvialis= Texas W&}
9] Culture Collection (UTEX)A FU=o] wjoksl ez
et s EFe APARNE B ke MV(Mes-
Volvox)mediumell A #ifEj9iet. MV mediumel| A vl ok=]=
o P AHA 2] A E(green cell)?] lFEZ-S pH 6.79) H)
Zlefl, 25°C2] =9} 15 umol photons m>s™'e] =|&-49) 3
=2 120 rpmellA] Z ek wioFslsith MV medium®] 432
ot=7 2o} Ca(NO;)4H,0, 11.8 mg/L; Nayglycerophos-
phate-5SH,O, 6 mg/L; MgSO,-7TH,O, 4 mg/L; KCl, 5 mg/
L; NH,Cl, 2.67 mg/L; biotin, 25 pg/L; vitamin By, 15 pg/
L; PIV total solution(Na, EDTA, 0.0045 mg/L; FeCl;-6H,0,
0.582 mg/L; MnCl,-4H,0, 0.246 mg/L; ZnCl,, 0.03 mg/
L; CoCL-6HyO, 0.012 mg/L; Na,MoO4-2H,0, 0.024 mg/L;
MES 1.95 g/L. Astaxanthin Aol FE5 A E(red cell)
weFslr| $15ked 2| AdA) el QE=(2.6x10° cell ml) cell
£ N free media?] Ca(NO;),-4H,02} NH,CI 94 CaCl,
20 mg/L& A713 MVel AHFEslT 25°C) &% 243}
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Astaxanthin®] A A~%-A-2- HPLC(High Performance Liquid
Chromatography)E- ©]-8-5}3ic}. &L 90% acetone® = 3
#7} homogenizerS ©]-8-3l] MAZ FE3T JAEIS
13,000 rpm=. 287k 3te], AFSARE F417] D (0.2 um
nylon filter)E ©]8-3] «37}3l%ich. HPLC £4& 317 9
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Massachusetts, USA)S A9 column -5 40°CE
ek MAE FE3le 492 0.1M Tris-HC pH 8.0,
acetonitrile, methanol, ethyl acetate”} °}&-= v}, 7]7]7}
2sshe 82t 8] e aast Ak 14% 0.1M Tris-
HCl(pH 8.0), 84% acetonitrile, 2% methanol(0&-~15%5-),
68% methanol and 32% ethyl acetate(15%-~19%). 7L ¥
69 post-run F9HE A5 AR we] 8of) H=e} o)
Column H¢] <42 ¥ 1.2 m2 &= gic7]. £l
carotenoid2} astaxanthin ester form-> photodiode array
detector(SPD-M20A, Shimadzu)E £38] A3l o153
standard®. v]3ledc}. ¥|=2=- A7) $18 ketocarotenoid
= 476 nmellA B2 carotenoid= 445 nmellA] EelEle]
v}, Astaxanthin standard® Sigma-Aldricholl A 793}
3 8ol v} standard:™ DHI(Agern Allé, H@rsholm,
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Table 1. Gene specific primers sets and PCR product characteristics.

Primer Primer sequence (5'-3") Gene bank ID
Actin forward GTGGACACCTCAGCGTTTAGC DV203941
Actin reverse ACCATCAACAAGTGCGACATT
Carotenoid hydroxylase forward GCGCGGGCGATGAGCACAG AY187011
Carotenoid hydroxylase reverse GAGCATGGCGGGCAGTCCTTTGAT
Phytoene desaturase forward GGACGGCGCCCCACCTGAG AY768691
Phytoene desaturase reverse GGCCGGCGCAAACACCA
IPP isomerase forward CGGGCAGTCGCAGGATGAGC AY786411
IPP isomerase reverse ACGTTGGCCCGGATGAATAAGATG
B-carotene ketolase forward CCAAATCAGGCTACCGACATCCAT D45881
B-carotene ketolase reverse GCCCCCAGCATTTGCATCACCACT
Chlorophyll a,b binding protein forward TGAAGGACATGAAGACGAAAGAGC AY786531

Chlorophyll a,b binding protein reverse

GCGCAGCACAGGGATGG

Denmark)ell A 743k e}.

RNA £&3 Real-time PCR

F 7B Z2719) M E(green} red cell)oll A total RNA
E FZ£317] 98l TRIzol reagent(Invitrogen, California,
USAYE o]&-3lgiel.

Reverse transcription® 2 %] first strand®] ¢cDNAE 4
71 $18) Invitrogen®] superscriptlll Reverse Transcriptase
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ot 2+ 2AA F23 6 ugd total RNAE o] -3}
cDNAZ FAd3tdet. o] #A Aoz cDNAZ. real-time
PCRE 4839t} Real-time PCRS Thermal Cycler
Dice™ Real Time System TP 800(Takara, Naginatahoko-
cho, Koyto, Japan)E 839 o, $E-8 Flslr] ¢
3] SYBR® Premix Ex Taq™ ((Takara, Naginatahoko-cho,
Koyto, Japan)& A8-3t5 v} PCR 712 95°Co A 10%
¢} (pre-denaturation) lcycle, 95°Coll Al 53 (denaturation),
56°Cel| 4] 453 -9 (annealing) 40 cycleZ A 33},
Primer A&+ Table 1] A3}l HEFZ actin 34}
£ AHEEIsA
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Astaxanthin 4&H40| K& H. pluvialis BIEZ

oJobgAlza] M|Eel green celk pH 6.7 MES-Volvox
WA A] &% 25+1°C, 15 pumol photons m?s'e] F-F3}
F =2 growth chamberoll A v %¥3}ll o} Green cellol A
red cell =7} $j3) AArt A€ wixe)A 1000 pmol
photons m2s'e] g} FER 48417t FoF AEHAE F
o] wiFelsivt. Fig. 3acllAl HAYo|gldd A 27} A4 A3
Rl A F& FEE Fof wioFsliely] Fig. 3bs} 2o
astaxanthine &A1 8F Aeial red cell® vl A A0
A astaxanthin®] A FHel TANUE A& & 4 A+

(A) = (B)

Fig. 3. Light micrographs of H. pluvialis at different culture
condition. (A) Green cells were in MES-volvox growth medium at
25 under a continuous light intensity of 15 umol photons mZsl,
(B) Red cells were incubated under light intensity 1000 umol pho-
tons m?s!, nitrate free medium for 48 h.

Zt 0| e H pluvialis2| ZEHd A #s}

zb Wikl wE FPA Mo WEE 2] 9H
HPLCE o935}y AA A8 3199t} Green cellel 79
A= peakE(2, 9, 12)°] red cellol| A B =] 3L gl vh(Fig.
4). )52 green cellolA] stressE "ol =¥ astaxanthin
o 2 Z+7} astaxanthin, astaxanthin monoester, astaxanthin
diester & ¥ ¢It}h. HPLC A2 92 7 carotenoid®]
AakS E3 total carotenoidol| A total astaxanthin?} lutein
28] 3 B-carotene?] M]ES Ekv} Total carotenoidE
100%3 7)1F 313 =, green celloA 4.62%°]91 total
astaxanthin®) red cellol X 83.43%% Toid 7S & §
glo}. ¥be, luteind 42.83%° A 7.53%Z, B-carotene~-
13.32¢14] 2.64%Z green cell B} red cello| A 7H4=8F A
< 2 4 9Ju}. &, total astaxanthin®] ¥]Eo] ol Hhdd
lutein?} P-carotene®] Bl Eo] FolE A& B 5 UH(Fig.
5a).

Total astaxanthin< free astaxanthin, astaxanthin mono-
ester, astaxanthin diester?] 37}A Z2F o3 v oH15].
Total astaxanthing 100% 2 71 31932 W monoester:
48.76%N A 76.65%2 Z7}319 2™, free astaxanthin<
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Fig. 4. HPLC profiles of pigments in H. pluvialis. (A) Pigment profile of H. pluvialis before stress, (B) cells exposed to nitrogen defi-
ciency and high light for 48 hrs. 1: neoxanthin 2: violaxanthin 3: astaxanthin free form 4: antheraxanthin 5: lutein 6: zeaxanthin 7: chloro-
phyll a 8: chlorophyll b 9: astaxanthin monoester 10: o-carotene 11: 3-carotene 12: astaxanthin diester
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Fig. 5. Changes in carotenoid composition in green and red
cell. Peak identification as given in Fig. 4. Changes in concentra-
tion of total astaxanthin, lutein, B-carotene (a) and astaxanthin (b).

17.9% A 11.9%=., diester 252 33%NA 11.5%2 734
3= W3S By} Fig. Sbe Al7FA] astaxanthin 32
AjaFe Jepi AL 9ok, Green cellolA] free forme 0.033
mg/L, astaxanthin monoester o} 4= 0.099 mg/L, astaxan-
thin diesterol] A1 0.065 mg/Le] 38FE Ho]lX gJ o1} red
cellel M= 242t 1.19 mg/L, 7.7 mg/L, 1.15 mg/LE 7}7}+¢]
=7t F71sKvh A red cell2 AZH YL 790

A 2FQ) nlgol 42 & 5%, 70%, 25% HEZ EA8=
Roe7 BRI gl ovi12], ¥ A A= Fig. 3bx ¥
astaxnathin®] &35} red cell®] 73-% 779 astaxanthin
estere}3) 9] FAJo] of2A Ve 9lE-E & 5 i) o
] )9 astaxanthin®] FAH])E, 7 celld 719+ wix] <]
ZFFHulc} E& @Ax7) e} Xt Yehs AL & 5
et Fwel A A AEHAE WA HH lycopeneel]
A o-carotene®] 27} A#= o] lutein FAo] FolE B-
carotene->- 34 729l astaxanthinAd 4 2= 7153k of
B-carotene®] =7} Eo]=+ WAl astaxnthin®] FAo| 5
7FE 3 QoL 58 4 sl
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Real-time RT-PCRS E3)| green cell®} red cellol]| A1 <]
astaxanthin 3] T FAAR] LEH Fo| F-F Mkt
(Fig. 7). Astaxanthin &4 H#3 gene’dl isopentenyl
pyrophosphate isomerase, [-carotene ketolase, carotenoid
hydroxylase -F-AAFE2] W AEE AP AFsb] 9
&) realtime RT-PCRE 33t HA 7 2739 cell]
A F%3 total RNAS cDNAZ JAALsiodet. 2 74zt
of W3t TF2 primerS A ste] AHE-EH L melting
curveS FAsle] UMl =rt vhe =] &elslglet. Fig. 8
9] Real-time PCR A3 housekeeping geneQ! actin?}
279 green celld 7|E0E 39S wjol A vk
e}, 713 <1 Bok 2w oddeke] s, e
= kgl eke] ZEAE- oJu|gke}. Carotenoid hydroxylase®] 73
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Fig. 6. HPLC chromatogram of pigments of H. pluvialis. Peak
identification as given in Fig. 4.
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Fig. 7. Expression of astaxanthin biosynthesis genes calculated
by quantitative Real-Time PCR. Each bar shows the relative
expression using actin as the endogenous control. 1: actin 2: caro-
tenoid hydroxylase 3: phytoene desaturase 4: isopentenyl pyro-
phosphate isomerase 5: B-carotene ketolase 6: chlorophyll a-b
binding protein.

4 red cello|A] green cell Bv} o 20u]) =& W&
X293 phytoene desaturase®] 7-$-3= ¢F 44, isopentenyl
pyrophosphate isomerase¥= 1.61%, B-carotene ketolase:=
313w 2] ke F7HE E<l w®hH, chlorophyll a-b
binding protein(Caby= 0.3¥1 2 red cell®x} green cellll A
o] A EE SRS ¥9Eh. HPLCE o] 438 YaiA
oA 2 ALAY AEFHA A A total carotenoid ¥
£-2 green celld A red celle] HHA F7)3l2, v =
total chlorophylFe- 7+ash= FARS HIth(Fig. 6). 3 AE
HroMs dubges G549 Aol AT vl Ee
Cab AAES] W] ZoE7] WEl[7] 540 ¥=
7} E31 vlEe] Cab AR o] ZRada Qluhe T
AFE7} F AEHAE LT Qele e FAE Al
0)9} Zr8- FA o)A astaxanthin A 7R & FAAE
2 QA 2 270 A3 green celld WX} 31 3
= 2B 20 AL AR A wiokRE red celld o
T2 daE Bolx gy AE IIFReEH astaxanthin A
Aol BT FAES] AP HAPAFE 843 F
o] astaxanthin A3 0] S AT AR H A

=] oF
pa =

H. plwiailss T35} A Ag wiA] 271edA
ketocarotenoid®] ¢Z&<q) astaxanthing “F&F S35k 52
Foltf, 2EH A7 gl 2ANAM 78 green cellF
astaxanthin®] 3% red celld HPLCE %3 i) &
Az} 7k a8 ofol wWislele A& & 4 i ¥
ester 3E)] astaxanthine] A4 F I, zeaxanthin®] Eoi
} ubE lutein® B-carotene-> FHA3IGTh E3L total
chlorophyll®] ¢ke] Ze] =3 w4l total carotenoid®] o
Lol ¥l H. pluwvilalisA) Zopd astaxanthin A3
A A 2| 9l carotenoid hydroxylase, phytoene desatur-
ase, isopentenyl pyrophosphate isomerase, [-carotene

ketolase SRR 24 tlZF2l chloroplast chlorophyll a-b
binding protein®h= 28] celle] AA3] T2 2719] A
¥} astaxanthing AT Sle) TR 2EHAE
ok df o] & IHPES Mol A& I + U+

#Atel =2
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