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Enhancement of Astaxanthin Production of Haematococcus pluvialis by Mutation. Park, Bok-Jun,
Beob-Min Kim, Su-Hyun Shim, Jeong-Dong Kim, and Choul-Gyun Lee*. Institute of Industrial Biotech-
nology, Department of Biological Engineering Inha University, Incheon 402-751, Korea — Haematococcus pluvi-
alis is a great producer of astaxanthin (3,3'-dihydroxy-f,p-carotene-4,4'-dione). The activities of astaxanthin
include potential cancer prevention, immune response enhancement, antioxidant activity, and so on. Neverthe-
less, it tried to manipulate by mutation for overcoming low growth rate of wild type and limited production of
astaxanthin. Mutated colony that is lager and more reddish one than wild type was selected by attempting to
expose strains to UV irradiation and to treat chemical such as EMS and colchicines as mutagen. Selected
mutants were further screened using inhibitors of the carotenoid biosynthetic pathway. Inhibitors used were
nicotine and diphenylamine and both had decreased the survival rate by 40-50%. Among over 50,000 mutant
colonies screened, two strains were selected. One selected mutant strain (U15-5) from UV treatment showed
1.68-fold higher total carotenoid contents per cell than that of the wild type strain. On the other hand, the other
selected mutant strains (DS, M4-3) from colchicine treatment showed 20~30% faster cell growth than the wild

type strain.
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F329| polo) ule} FTEET16]. L F BRI 596.85, &
2 183°CZ polyisoprenoid, oxygen quenching 7]5< 7}
Zl benzenoid ring AgA| ¢l astaxanthin(3,3'-dihydroxy-B,B-
carotene-4,4'-dioney> oFA Aol gle] HAMAZ F Q3
A7 A4S she AR ofF 83 2R FE P
32 9leb2-5, 18]. B3] <A WellA vitamin AS] ATFA o
&4 31, o2 carotenoid B} # A8 108, vitamin E2]
a-tocopherol 2.t} 5008) o]Ake] ALz} #A-S 7FA| AL 9l
4 o7& C-49} C-4l AT oxo- LF HgelEal B
J1le] Qlub12, 14, 17]. %3} cytokine = A2 Q13
W) % A, oxygen radical®] A Al &3 cancer
initiation®} propagation®] IH3-& ZAAIA dAS It 5
o o) A3} Fo] YEEel 28 F HE Aol = A
g 71571 QAHT HT B DAL BT gl Aol
[6-8, 18].

= PAE, A1E, T8 =N gk 8 At
7F AR 22l o3 E=91=e] 8-S o Ak
HAUI w27 AE B 71 dTE 95k o9 3

*Corresponding author
Tel: 82-32-860-7518, Fax: 82-872-4046
E-mail: leecg@inha.ac.kr

Ble] fAAl 2a7|Ee] AEE AL Qloh9]. el
22 g, B, y, XA 722 o] 23} v o xkojAl T2
EelA Edde] FEE 20, 21 23 BjkE, ek,
FH=A, welEA, £5]& (colchicine) 59 38H =4
Ho| fr=xo] 2UTH10, 18].

£ A7 astaxanthin®] YAEF S 915t EeH W
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E QAo AME-R v|MZF-E Haematococcus pluvialis
UTEX 16& UTEX Culture Collection of Algae at the
University of Texas(Austin, TX, USA)ell A HF #gfet,
HZ2FF2) wjoke Modified Bold’s Basal MediumE AR&-
slodom, | liter®] 242 v} 2o} NaNO; 0.2465 g,
CaCl, 2H,0O 0.0249 g, MgSO4 7H,O 0.07395 g, K;HPO4
0.07490 g, KHaPO, 0.175 g, NaCl 0.02513 g, CyoH1eN2Og
(EDTA) 0.04968 g, KOH 30.86 mg, FeSO, 7H,O 4.98 mg,
H,SO, 0.98 mg, H;BO; 11.13 mg, ZnSO; 7H,O 8.83 mg,



MnCl; 4H,O 1.44 mg, MoO; 6.06 mg, CuSO, SH,O 1.57
mg, Co(NO;3); 6H,O 0.49 mg, NaMoO, 2H,O 1.19 mg.
MBBM HiA]E- 250 mL Erlenmeyer flaske] 110 mLe] 3]
2 93 FE 40 pE/m¥s, IR 175 pm, =% 25°CE
frAlsb wioFat F 4dwnbet Al ekstsaeh9).

EQHolFE 7] A AN FFS A7
mutagen 2] ¥ MBBM 1.5% agar platee]] 200 pM
nicotine?} 15 uM diphenylamine2- g ] carotenoid 3l &
A2 selection pressureE T, AA] W3 33 CO, wiok
71kl A &5 25°C, 40 pE/m%/se] FEE 2% ojAlz}et
&5 FF8 7~1047 weksled o37)A colonyE A
o, A E colonydl] FE 200 uE/m*sE 77 ZALS}e]
mutagen X2 E 3| @& d2FHe} 277 I o B2
astaxanthin 34Jo] = o] o8- WA == colonys 2Rt

AEE colonyE2] $AdE AA wickE=7olA Felslr)
Asll, 7+ colonyE-S 96 well plate2] 77+ well(0.3 mL)
o WiFo]E o] 83led FHT TRt HA e
Ry Ayo| o] Fo)=w A} 24 well plate, 100 mL flask, 250
mL flask7bA] wjel5-2E S7} Al71aAA AES AT A
Ho| seedd FR3IGT, FAl ST S A
Eslgid.

Edulo] M-S I8t vl 2 400 mLe] wjFT-o]
Z 7}=] bubble column photobioreactor(2] & 40 mm, o]
600 mm, Pyrex® 202 e}, F7)el o]AkE} BtA 5%
2 z3sle] 02vwme £E2 FFe 283 eEe
25°C, 7] pHiE 7, A% F=E 1x10* cells/mLE. wioFs}
At

=AY

ME X MFE =7]+ Coulter Counter(Model Z2,
Beckman Coulter, Inc., Fullerton, CA, U.S.A)S o] £}
2451t 4L 918 AE HEE 50~80,000 L8] 8]
oA A3gt FAE Bl 20 mLe Isoton®] E]A3}ed 33]
ZA% F JEE 739t FHE data: AccuComp®
software®. 25l A XL =7 ¥ AR=2 Ve
o] Al A} B31E Z451r{18]. Fresh cell weights
J7|1M defA = AR R vtz AAE & e AxE A
F(gL)> A BE 2,000 rpmellA] 1027 YA E=] F 45
AE el A2 o s FReE 23] AT F 90°C
] overnightdle] ZA5}¢]c).

Chlorophyll#} carotenoids % astaxanthin®] A4~ 2
A" AR 1 mLE 9AE21(3,000 rmp, 10 )F 4

homogenizers ©]-838}ed 287} 12 strokes®E Al XS )4
3k, 4°Cef A 2087t incubationd}al, 14122 (3,000 rmp,
1088 &3 AsdelA =28 42F A9
ChlorophylFe- 3-333-%4] (Model HP8453B, Hewlett Packard,
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Waldbronn, Germany)g ©]-4-8}4 663 nm, 645 nm 33 o]
A SABGII Tt 22 A 02 AT 18]
Chlorophyll @=(12.7 % Agss) — (2.69 % Agas),
Chlorophyll b= (22.9 x Agss) — (4.64 * Agss)

Carotenoids®} astaxanthin® £ %<7} 10 mg/Le}5}7}
HEE M3l SAsGT o] WM HAAL tat
ZeH15].

Astaxanthin concentration (mg/L)= 0.0045 x Agys

A % (mg-NOy/L)| &24-E spectrophotometerE- A}
S3le) BAelG T F59 &4 Quantum sensor(Model
LI-190SA, LI-COR, Inc., Lincoln, NE, U.S.A.)¢} Datalogger
(Model LI-1400, LI-COR, Inc., Lincoln, NE, U.S.A)E
o]-&3led T A=E =435} pHE pH meter(Model

- 720P, Tstek, Inc., Seoul, Korea)E o|&-3l5jom 25+ <

28 £=AT A FHA.
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2k Aepiiat EMS A2 Usha Tripathid-&
A3l AMEEIAEH19]. A4 M B]A] clean benchelollM
2434 A2kE 2ol 450 mm, ¥°] 350 mm, F 310 mme] A
2 o=@ AA ASHA Wl zxke]Ad M (UV-C 254 nm,
15 W, pilipsys A2 2k He)7] 5 ARS8 1L, 18 cm
Helel|M 5455 ZAPIATE. EMS(Ethyl Methanesulphonate)
L+ sigmarl A& AHEEtg o Fu]E seed(2 x 10° cells/
mL) 50 mLE 9482 tubeol] YL FFH4E 23] AF
(1,000 rpm, 10 min, centrifugation and resuspension)3t ¥
AHE AFe] 2FF 40mLE AF 5 EMS TE(,
0.117, 0.468, 0.936% wiv)7} M2 T=A 4% 30 mL
flaskel] 10 mLA F38153v}. 30°C BRIE 7 oA 1A]17E
Aejst F 747 Aeld N ES SRHrE 23] AFsle] EMS
E 3] AASA. 4°ColA overnight F A3t 348
%3l MBBM agar plateol] =3}e] CO, wiF7]olA 25
wjeF(25°C, 40 pE/m%s)y¥ colonyZ Lict.

Wikl AREEL(Colchicum)®) A& WAEE(Colchicum
autumnaley®] EARY 17l =l e FFE = E
A<l colchicine A2l A& 5ol A3 WY& WA s}
odohi, 11, 13]. Al oF F 34 A 2E vegetative A E
(2.3 x 10° cel/mL)Z 9A122](1,000 rppm, 10 min)d}ted pellet
£ 0.2 um Minisart®2- ©]4-3} filtration® colchicine$2Y (0,
25, 50, 100 mg/mL)ell 432 14, 29, 39, 4, 84 F
25+ 1°C, dark conditionollA] 218)3}sic}. Colchicine 8} %
Z+7} 50 mLA buffer washing® MBBM washingS 331
50 mL 4A1E-2] tubeol] ¥ 20 mLe] MBBMO.E A&t}
I % Z9)% platee]] 100 mL¥ E538le) skl CO, wiok
7Vl 23 wRoF(25°C, 40 uE/m*/s)F colonyES Q4let.
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Fig. 1. Effect of UV irradiation and EMS on survival rates: (a) UV irradiation at 30 cm distance, (b) UV irradiation at 18 cm dis-

tance and (c) EMS concentration (w/v).

Table 1. Chlorophyll and astaxanthin concentration produced by wild type and UV mutants after 8 days cultivation in 250 mL-Erlen-

meyer flasks.

Strain Wild uUs-2 Us-4 Uls5-4 Ul15-5
Astaxanthin (mg/L) 24.37+£1.22% 18.19+0.91 23.87+1.19 27.88+1.39 21.47£1.07
Chlorophyll a (mg/L) 2.85+0.14 1.70£0.09 1.34+0.07 2.60+0.13 4,12+0.21
Chlorophyll b (mg/L) 0.95£0.05 0.62+0.03 0.80+0.04 0.89+0.04 1.35+0.07
Cell FCW (g/L) 1.91£0.10 1.13£0.06 1.69+0.08 1.68+0.08 1.57+0.08
Astaxanthin per FCW (%) 1.27+0.06 1.61+0.08 1.41+0.07 1.66+0.08 1.37+0.07

*Data are the mean + standard deviation from at least tree independent assays.



o} Bl o] gAl F | ME FCWE 1.6 g/Lo| 3.2,
carotenoid®] AAd - 27.88 mg/Lol L, M E FCWZ
carotenoid AL 1.66%]%th AHE SdolA|7} A
FAA o] opYFHE} 27 oA} AAe] AL HolF
A Eo] FCW astaxanthin®Fo] opERT} 1.1~1.34)
S BgoH(Table 1).

Phenotype®| 7&t HolAE AAE 4 3l mutagens]
EMSE H. pluvialis®] oP3E<l AH=jst §F A x9) Q&L
alol¥ ok}, Vegetative Aele] MEE- 71X 3L EMSAH &
g 72 3] XAkl Z2AE deo] Al AR 7A
= immature A2 H pluvialiss AH-3199.20 EMS 5

= 7247} 0, 0.117, 0.468, 0.936%(W/V)E 3ttt 75
o] Yol 30°Ce] =AM A7 X2 s19l-g o ZHe] A
Z82 100%, 72.2%, 53.1%, 4.1%=2 ey ohFig. lc).
HE2] el EMS 571 2555 Ak da=iAa A
X7} FA W3kl AL A 5 Qoo A" MEE
2 carotenoid A ¥ A8 &2 diphenylamineo] E3% A
o] =Wsle] 257F CO, I wioslict. 1]
v opE X} colony 34377 e] o] Hglon opERT}
o 23 FH& HAS == colonyd AEE 4 s+

o) {ZAE T3l A3t H pluvialis¥] life cycle
vegetative, immature, mature 2|72 9AE AH A3t
APt} Colchicines €3 S e] FEA71E ZAA 3}
7] $13ke] vegetative A E2} immature cyst A EE AL
A2l8}ei}. Colchicined: vegetative Al7]o] Hela}L o
% 50 mg/L o] AelM 22| 7ke] 39 oA} AzEE Al
EAAE dA8 A& & 4 UL immature cyst A 7]
= 238 AH]7)zke] 4Y olAfe] s} vegetative Al
711 2~39 =@ o] AE7} zF v siA] = At 2
< WH3E Y 5 .

2549} MBBM 2l 100 mg/L2) %2 4247} colchicine

228k A EAAM 2T HL colonyE2 AMHE 4
(Fig. 2). AR colony®] =7}7} oRE w8 1.5~ A
x9] & A o] diphenylaminesiA] A'E3F colony?| ¥
g oPEH Aeldt el s

(b)

Fig. 2. Red colony size and morphology: (a) red colony of wild
type after induction, (b) red colony of colchicine treated cell
after induction 2 weeks.
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Fig. 3. Cell concentration (a) and total pigments concentration
(b) at day 8 of cultivation. 11, 12: UV mutant, 21, 22, 23, 31:
Colchicine treated strains after UV treatment.

uv 2|8t 4800l colchicine X{&]

UV X2gt EQHo|AlE 7RI F WA Sl A
=399}, Colchicine?] 5+ 100 my/LE 8U7F A2t
87} flask scale® ZI&} wjsk7]ollA] wiekat Ao} opYF-2
6.4 x 10* cells/mLe] =E4T UV HedlA 9L Eddo]
A2t o]F B HolA 7] EdwelAlzl 22t 8.5x10% cells/
mL, 8.7 x 10* cells/mL®] & =2 vJehf= A3S B
Atk F A4S opfFo] 222 mg/LE Ueh o o
Z Edwo] Aelste] Q-2 FAF 2321, 22)°] 32.4 mg/
L, 373 mg/L ¥ AAs=E Jeplleh(Fig. 3). A4
o] 7} & F & 247} 217FFE UCL00-12 235+
UC100-38F12 3L 400 mL scaledl|A] AHS- 3l HZE
QA& 529} carotenoidd FA3P| 2 AA3IACL.

Ciekst T HiQHAE
UVA 2 92 EdW oA Uls-55 A 93 Uls4
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(Table 1) &3} #ro] 948t carotenoid e Hel WHolF
7} WelBolAdo] EA s AALS Hof Al w2 1F
(U15-5)3} colchicine X 2]ol|A] -2 Zadw o] 25(M3-4,
DS)# UV ZA}F F colchicine *]2]&F S e] 25 (UC100-
1, UC100-3y2 7FX|122 M ZAA chlorophyll, carotenoid%F
< 5431t Colchicine A5 B3l ¥ SdHelE oF
A% W} AEAA ] oF 20~30% ol & AE el
Q3L chlorophyll®] F== 1.3~1.59) o]AF ¥& 73S B
oJF9ck(Table 2). 16472 AARIQl nitrateZ 3331
7wkl M AA] FFE Fslal 175 pEim?se] 1%
= ZAFE 3= induction ¥iokS 15U AAISE F2] Azl
A A EAA] 238 Wskd UV EgWelr} total
carotenoid o] 2212 mg/L= oA £2] 195.1 mg/L R}
13% 2713 A74-5 BT 2AZ2 53 astaxanthin F-

48.8 mg/g DCWZ. oFFR L} 5% $718F 73S Eioh

(Table 3).

MEE P2H e Y oty AF

SRR S5 P Pe) A vhes UV A F

colchicine 2]2]8F E¥ o] 2E(UC100-1, UC100-3)S A <]

3 peiA) ale) £4 umellch MRS B A3

colchicine 22| & E8l] Q& ol M3-49} DS= vk
3 - vl A e} 7ho] oplE W} 20~30%2] =
< AAEES WS et 282 1578 induction

Table 2. Cell concentration and total chlorophyll formation of
variation mutant strains.

1 week culture 3 weeks culture

Strain Cell  chtorophyll . S Chiorophyll
Concentration (mg/L) Concentration (mg/L)
(g/L) (/L)
Wild 1.61£0.08  28.53£1.43 4.624+0.23 61.24+£3.06
M3-4 2.28+0.11  41.71£2.09 8.75£0.44 77.75+3.89
DS 1.74£0.09  32.65+£1.63  6.55+0.33 66.24+3.31
U15-5 1.87£0.09  41.04+£2.05 7.00+0.35 85.74+4.29
UC100-1 2.45+£0.12  53.314+2.67 6.88+0.34 79.31+3.97
UC100-3  1.48t0.07 33.34+1.67 8.06£0.40 79.91+4.00

Table 3. Total carotenoid and Astaxanthin per DWC production
of variation mutant strains after 1 week induction.

After 1 week induction

Strains Total carotenoid Astaxanthin per DWC
(mg/L) (mg/g)
wild 195.11+ 9.76 44124221
M3-4 215.58+10.78 35.11£1.76
DS 190.67+ 9.53 42.70£2.14
Ul15-5 221.234£11.06 48.81+2.44
UC100-1 176.94+ 8.85 36.91£1.85
UC100-3 154.04+ 7.70 34.61£1.73

wioF A= ok F 2324 mg/L, DS 212.9 mg/L, M3-4
214.8 mg/L, U15-5 242.2 mg/L2) total carotenoid %S X
Gow oAl xe]dqt Ul1s-5s Bl Al QAT
astaxanthin °¥°] 47.1 mg/g FCWZ. ob¥52] 27.9 mg/g B
o} 168w Z7HE IS Bick(Fig. 4). wMA, #F A
g o] 357 A wiek B el Uk AR E .

__'L =
294 Eed o] Ao A= Tripathi[19]2} #Fe] AEE
o A ZAF A7) Ao]ALE Ao R Tt A3 AE- 5
¥ Ak AEE] 38% Hsh 1583 RS 2aket
o] MEFo] 75%Y wo] opYFH} o] AT HS colony
7k Bo A Adsted Mg wol Tripathiohs wha
A 7.5%ANAM ©] %2 astaxanthing AL 18] 2
EMS E¢Wo]o) X Tripathie} $AHH AEES(Fig. 1c)

| BRI opF R 23 FE colony7} A EA] 319

o} 23 A2 o] whES RASlchr} A -85
2ol colchicinesg AdE}ste] AME- 814} H. pluvialise
B el Sk ARAE2AM AEAES} A0l
@ol colchicine 22 Fdw ol Age] AHE3 Aol
Colchicine W53 5 BHEe] = A o2 Eddo] He
A= astaxanthin AT J2A7} Qe WA (A
M PEshe A o= = 9Jlo}. 28] colchicine
ol oFEY AL} wiEch= AL W APE
Bl o 4 Usiet. ol AEE Hol AjelAl EAR: astaxanthin
o] Aabshe Sl W colchicine A&7} w
2 el S WS A )RS FAA A A
2] ¥ colchicine *]2]&F 71-2- AL} astaxanthin A4
Fx F7reRe EQWOE A=l ey A e A
Aekokel. a2 A AR &4 S FAAE A
Aol TAH Ao) AL} colchicinesl £ 84S 7HAA =

S Aoz Holoh :

ez EdwelE AR Ao A AR
Ed o] astaxanthin Akl T2 AlE A7 F2 <
vjekolalm colchicine X2]dled AL DS, M4-30] £ 7
ot}

2 =

E a1 93 3eby Eadeldal A9Al, EMS,
colchicine & AM8-3}e] ofWFF2o H. pluvialis F-22]
astaxanthin?] AAFFE Fol7] A% FAHE 7HIT i
UV 712488 B3l Edulelde® A5 254 nmE: A
48 9 30cm®] AR} 18 em®] AlelM EABRe 7
o] EQAHol &S ¥ & S-S Ty 25F o4
ZA}L wiol) 98% o] e) AAReE RS of 4 s} =3t
Al ATl A] A ZAJA o] oRYFH L g oA} 40
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Fig. 4. Changes in cell number (a) and comparison of total carotenoid concentration (b) and astaxanthin per FWC (c) in each spe-

cies. Symbols: wild (W), M3-4 (), DS (a), U15-5 (O).
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A AR £2 A3 A
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46.9% ©]AFe] AAHE-E Hel-S o 4 919l 2 carotenoid
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Colchicine 7]12A ¥4 %38 mutagen inducing solution>
2 distilled water®} MBBM2- Al-4-3l= Zlo] £2 AH}E
AL 5 US4 2l 100 mg/Le] FEoA 44
7} colchicine A2]gF &< o] A& selection pressureol] =
2 31E W] =31 HE coloniess AMEE 9\)\9\71-1— 234
% colony?] ZZ7)7} W7ol wla] 1.58) A= A 14.8%
o] MAFTFEE Heol= AFAE doiet

M Ee] AT} astaxanthin®] 9%FE BF Eo|7] 98] UV
Ag)gk EdW oAl colchicine A2|gt APeA A& A
% 2%°] 324mg/L, 37.3 mg/Le] T Ayl vIehy
et 7lvgk Bhgel A3E 9A Zsidh

\_zo
L T\_

oleksl 9F2] 400 mLY close culture®} <FAA A8
< 53 UV A2 42 EdHe] Uls-5: oMIERY &
A 1.68 W8] 2 astaxanthin FH &L Holx= 73 F
3]3S B3l 4 M34, DSt FAFEI} o ERT 30
% oJA F715E ANE Hoj= AL BT
Q of
Haematococcus pluvialis= astaxanthing %o] AAksl=
A ZF2M astaxanthing FHALEA| 2 Hube-S- 7131
AFn] GUEH 5L 7T U 2] o FY] W
A& 29k astaxanthin®] AYAtell= A7) Q7] Wl o]
E SEPIE Edwe] uhH S ARsldch. Ede] v
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