Korean Society for Biotechnology and Bioengineering Journal 27: 172-176 (2012)

AFEE

A A3} phycobiliproteins 31343 Arthrospira platensis ¥ 0|3 E]

333k, ol Az}

Isolation of Arthrospira platensis Mutants Producing High Lipid and

Phycobiliproteins

Young-Hwa Kim and Jae-Hwa Lee*

9 2012 59 99 / AAE: 20129 62 26

© 2012 The Korean Society for Biotechnology and Bioengineering

Abstract: In this study, microalgae Arthrospira platensis
(4. platensis) mutants induced by ethyl methane sulfonate
(EMS) and further selection for resistance of cerulenin, a
potent inhibitor of fatty acid synthase, were characterized.
The mutants selected by 2 uM, 5 uM and 10 uM of cerulenin
were designated EC2, EC5 and EC10, respectively. Under
normal growth conditions, the mutants and parental strain
exhibited similar growth pattern. The mutants of 4. platensis
showed enhanced lipid accumulation and phycobiliproteins
(phycoerythrin, phycocyanin). The lipid content of mutants
EC2 and EC5 was about 4.4 and 4.8-fold higher than wild
type. The phycoerythrin and phycocyanin content of mutants
EC2 and EC5 was increased about 1.5 and 6.9-fold and 1.4
and 3.8-fold, respectively, compared to the wild type. The
chlorophyll and carotenoid content of mutants was slightly
increased. The high lipid and pigment contents exhibited
by A. platensis mutants would make an excellent candidate
for the production of commercially interesting biologically
active compounds.
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1. X &
Arthrospira %52 F35Fol &3k AR F=EA] 33
= &8l oitEeAE AT 4 Jlow, ARl ofuA] ¢
AL o T A FEUIL QT [1]. T ] AIZTFel vlEl
3717} A1 Azl wEw | A FHrbeolu A E L
o] gH L Qlo) AdA 0% -85ttt [2]. Arthrospirat
polyunsaturated fatty acid (PUFA) £} 72> A4 [3], M4 A
21 phycobiliproteins, carotenoid 52 &k} 58 7FA|aL
U oY e =4& skl vt [4,5]. PUFA 5
docosahexaenoic acid (DHA)Y} eicosapentaenoic acid (EPA)
T S g AAto] M ERRERE YA eR A
2] an QIek. B, A4 o] et AR = o]§- Thsalo]
HAIZEFE o] 88k A4 o]go] HA} Tkl Q= A
ojt}. mA|ZFe] Ad ke mjkzdel wet 24Ho] 7}
sote], A4 Wik e A0 she A7) Hol AlF
A} [6,7]. HEA QN v]A|ZF A+ carotenoid 2, 1
T A8A Mol AdAow 1Rl Q1= B-carotene
& G, sl st A so =M 1 7AF SR8 A
o] Qltk. T, W3R/ chlorophyll 2} #]-84] A4~ 9]
ol 2] phycocyanin?} 24 2] phycoerythrin2} 7> 33
eMd B 42l phycobiliproteins 57124 0 & AJaksict,
Phycobiliprotein<- 2710 Zlap 484 2] whilalid Exlo]
7] wiol] A%, P, 2Jok HofollA HA A= AR
= WPRP7E =& Aot [8]. sHARE, wiAlEFe] A1
TGP A= AAR] R s flEialE ALt
7do] slo} AAF o m f-85k4] ke, A2} Mt
o] FA¥ Wo|F2] /s M-S Eol= Flo] esit

Cerulenin> #3012 Y21 Cephalosporium caerulens

al
al
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ZHE F2l¥ S22, yeast, fungi, bacteria 5 TFYSH 7|4y
ol Fteds 2 it o] AP 4 a4 AsiA
(fatty acid synthase inhibitor) 4], condensing enzyme domain
o] &JH-2191 cysteine®l| AT =M Bketoacyl-ACP
synthase 2] AJ-gloll Atste] AgAk 33 &4~ (ACC;
acetyl CoA carboxylase, FAS; fatty acid synthase) S A3t
t} [9,10] (Fig. 1). 7]l X.31% N-methyl-N-nitrosourea,
ethyl methane sulfonate (EMS) 2} 72 384 =<dwoldd
% r-irradiation, AFePAH 2 w27 EA¥]AE o &
St random mutagenesist= 7} Sol EQIvo] 52
AEE 8l W e vlgo] ATt [11]. sHAINE AR
el SolAl Aol Aad& 7H WHolgE A
sh= 2 AAZS sk e At 8-k o]
T} [12]. Wangeral. <> [13] "ARS A §-, A4 o] =
<> a% 155 97] S8l cerulenins ©|-g3to] AH3ISIE
x| 25720 A%, cerulenine selection marker® ©]8
st EMS® EAWO|E 58t Nannochloropsis oculata
|4 EPAS] o] SISl s dnt [14]. B3t
ZARJQA O Z F5EF Paviova lutheri A0 oA XA
A} W3lE o], EPA, DHA 59 o] 7k 3ic} [15].
2 A= A platensis w70l EMSE EQ1Ho1E 52
3131, cerulenin®l] AFAS 7H 55 AHsl] 1 &

3e B3,

Carbon sources

l

Condensation . .
}A)rectl;rlsgr e > Long-chain fatty acids
cetyl-Co )
Cerulenin

Fig. 1. Inhibition of fatty acid synthesis by cerulenin. ACC; acetyl-
CoA carboxylase, FAS; fatty acid synthase.

2. 4% R 9y

2.1. #F R ujgxd

SZ5?1 Arthrospira platensis NIES39 (KCTC AG30033)
= AT AEAAlE 2R Eehdol AR
SI3itk SOT HIRlE ©]831e] 500mL flaskell 200 mL -]
25 35T, Wik 5120 rpm, FE 6,000 lux] Z71 3l
A elekeiadnt. A3 e 2wel 2wt Ads] 24y
= 7] Ul AAsil o, BT 12413F 1124
2 (o WA FYE-L olgstol AL,
7] SOT ®iIAl= 1 LE] 55l NaHCO;16.8 g, K;HPO,
0.5g, NaNO32.5 g, KxS041 g, NaCl 1 g, MgSO4- TH,0 0.2 g,
CaCl,- 2H,0 0.04 g, FeSO,- 7H>0 0.01 g, Na,EDTA 0.08 g,
H3BO3 0.03 mg, MIISO4' 7H20 0.025 mg, ZHSO4' 7H20
0.002 mg, CuSO4- 5H,0 0.0079 mg ¥ Na,MoO4- 2H,0
0.0021 mg= d7Fete] A|lzs}3lrt.

22. 5990 = H A

s 2719 A. platensis A|EZ 2,000 gollA 1027 94
wejsle] Al SeElioln). Qi eFN o7 23] AlHslal,
ANE2- SOT HIAIE ¥ T 0.5% EMS (Sigma, USA)E
AgJsto] 1A13F F2F A4 21delA] huleFatgitt. EMS
= At Axe AHs] 348t 2 uM, 5 uM, 10 yM 2
cerulenin®] 718 SOT vjA|o] Tslo] Z2U7) Lk
7] wjeFekGitt. oF 35 F A E A4te] FEUE SOT
HEJ ol A oA ket

2.3. A F £

A. platensis®] M|3E 23782 -4 357 (Optizen 2120 UV/
Visible Spectrophotometer, Mecacys, Korea)E ©]-85}]
520 nmelX FHEE ST A% A AF (dry cell
weight, DCW)-> &%%¥ Whatman ZEE ]38} AL
kel 10 mL& o33t H, ol 3k #AE Erfo] ol
105CE 3AIRE B3 A2AA 1 FAE S48

2.4, 74 B4
nHZF2] & A F8ES Cheneral [16]2] Wil wet =
elgint. 21 A9 skks S7dst] IsiA A. platensis
AIZE 159 7+ vt 520nmellA ] F3%E 0.5
2 243 A3 10 ulE 50 uL o] DMSO$} 233t th2
microwave® 13F A28k}, 930 pLo] T7¢}H 10 uL
9] nile red (Sigma, 100 pg/mL in acetone)& 7}t § T}
Al microwaveE 13-7F 2] 8k3Ih. Nile red = AAsH Al
2= % F5A (fluorescence spectrophotometer FS-2,
SCINCO, USA)E ¢85} excitation 490 nm, emission 580 nm
= S8kt 334k (fluorescence intensity)<- VA=
A=) 2] &34k (autofluorescence)= " ZEO = LERJSITE

2.5. 4 3=k B

FEA AA TS B8] flste] 159 ERE kst v
MZEF 7159 chlorophyll, carotenoid, phycoerythrin 2!
phycocyanin $Fe-S- A1) A3E2] M AE- methanol
2 8FA7 % 650 nm, 665 nmolA FHEE =45
chlorophyll 3-8 S73}3131, carotenoid <> 461 nm,
664 nmollA FH=E 5733 [17]. Phycoerythrin¥}
phycocyanini= |35 homogenizer® & 3}5}3L 0.5 M
sodium phosphate buffer (pH 6.8) % £FA|7] $ 565 nm,
615 nmelM S35 SASINNTE. 2F Ao o2 ol Ao

upet Artelct [18].

Chlorophyll (mg/L) = (Aeso % 25.5) + (Agss * 4)
Carotenoid (ug/mL) = [A4s1 — (0.046 x Agesa)] x 4
Phycoerythrin (mg/L) = (Ases X 124.3) — (Ae15 * 62.4)
Phycocyanin (mg/L) = (Asis X 171.2) — (Ases x 2.25)

2.6. 34 ¥4
1= datat Sigmaplot 4] ZE TS o] §3sto] Ht +
¥4} (Mean + standard deviation) & UERJRI O FA|
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foict.

ol

A o) patol 0.05 vl A=
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3.1. 594 45 Ad

Cerulenin A4 A4 G40 S35 complexs &
gt} ApAE S AR, cerulenin®] St o Sl
= RN AT 5 Sl T AR el olst
T APl EAWHolE oA =2 AL I a4k &
e 7L e 7R IR [13). A platensis A1
=AM O R 0.5% EMSE 2|3kl selection pressure
2l cerulenine 2 uM, 5 uM, 10 yM O 2 Z}7} A28k & A|
3 AESS 3RISE A7} cerulenin®l] &3 J32- LERR]
QF3kaL, EMSell &t Ml A8 oF 16%3I T} (Fig. 2).
EMSel =FAIA Aol E fEst $, A4 tirks 24
SPEA Al APES 8] o S 1919 cerulenin®]
gist 23S 7 A58 AEskaAt sielvk
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Fig. 2. Effect of EMS and cerulenin treatment on survival of 4.
platensis cells.

EMS A2]¥ AEES 2uM, 5 uM, 10 pM 2] cerulenin®©]
3 SOT A mAufA]el] Zsto] oF 357k vkt
o 2tgt F2YES 27 sl o FEYES
selection pressure$le] HAl| vjeFstaA] oF 83] H& 7]
Hjer & %7 eks 574510 wild type (WT)REF o]
7k A5 AESISITE 2 uM, 5 uM, 10 pM cerulenin
F3F HjA| oA A& ZAdWo|FE Zk7F EC2, EC5,EC10
o Wit

3.2. | A EA

=AM AL EAS dotry] f1El, WTH Hol+&
39 A0 E 159 Bt FHEE SAS A}, Ao
 EC2,ECS5,EC109] Asee WT2 ARSI (Fig.
3(a)). T8k ik 15U 3 A|EE el AE A% T
S =43 A3 WTS 1.56 g/L, EC2+= 1.52 g/L, EC5%=
1.44g/L, EC10->1.52 g/L=Z wlo] Qu A k2 & WH3lr| ¢l
AT} (Fig. 3(b)).
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Fig. 3. Cell growth and biomass of wild type and mutants of A.
platensis. (a) Growth pattern. Cell density (ODsy) was determined
by spectrophotometry at 3-day intervals. (b) Biomass productivity.
After 15 days of culture, the cells were harvested and measured
dry cell weight (DCW). Data are expressed as mean + SD.

3.3. A3 F st
WTH =¢¥lo]F EC2, EC5, EC10S 15971 vljekst ok,
A U] F A 3ES nile redS o]&-3to] 9% =48}
Aok, vAZ2F] AEEo] hksly] wliol nile red] &
ARl S 517] 913l microwave s A5t 2 EE &
#5311 DMSOE ARE-813ith. EC29} EC5 Wol5=9] %2
FHe WTell vlal] 242} oF 4.4, 482 A7) S7FeIIT
SHAIRE, 10 M 2] cerulenin®l] #&dS 7171 WHolFR1 EC10
o] Z9+= Wrell vlgf oF 138 H% SRS Ko, nw A
=2 FE (10 M) 9] cerulenin®] =Z% vA|ZEFE] 5
Y2 5% (2,5 M) 9] cerulenin®l] B3 A7) dfo] T
SFoATt (Fig. 4).

u| Aol A AR SEES S92 Q1 AEd Ao o o
S Wol Wh=d|, 53] g F dAhYe] AFefA A
W ZAo] fw 2 vjekre] wel 1 dkeko] I gt
It} [19]. 3FAIRE, ekito] A EH Az o] A2
2 o] Grolx A Hr}, B Adate] wp=d, WolF
EC2, EC5% WT¥ H|w & off 23 ggo] A 57
Sol%= Etekar Al ARFe] Msh= glo (Fig. 3) Hiole
w2~ Agabde) Wt gls Alolnt, wsh, R ofg Ak
s} ~E A o AAS FAAFOEHA ROSSY 2
kst AE# 2ol st WA S7HA17]E T [20]. WOl
EC2, EC5, EC10-2 21 A o= 57k =4
geko 7 Qlaf AL Yjol|A AE# A ek AS vreR
© P el Zo® ozl

=
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Fig. 4. Relative lipid content of wild type and mutants of 4. platensis.
The cells were stained with nile red and measured the fluorescence.
Data are expressed as mean + SD. p < 0.05 vs. wild type.

3.4. 3F3 M4 =g st

A platensis= T2 3333 A2 A chlorophyll, phycobiliproteins
(phycoerythrin, phycocyanin), carotenoid 5= 743l SItt.
Phycobiliproteins~>- Arthrospira°ll¥l 7178 7€l st dakshz
A=A, A S-S G824 0% A ROSel 2l v
Mee= A2 IxkslE 9JAg. Carotenoid = A A 40|
PR, A gze] S Ak gEks st

EHo)Fe MR % T chlorophyll 9] 32 WT
of nlall sk}t win|SkA| R, cerulenin®] F%7} ST
okt STk FAHE BAY (Fig. 5(a)). B3t carotenoid
SHFE 10 pM 2] cerulenin A2 2FE] % WHo|FEollA
7P A YEFLTH (Fig. 5(b)).

A. platensis A)3E 2] phycoerythrin®] <2 phycocyanin
of vlal 22 o] TASh= 2102 LRI}, Phycoerythrin
ek EC27}0.5 mg/g, EC5712.5 mg/g, EC10-20.7 mg/g
O% WTE 0.4 mg/g Rt ZH2F 1.54), 6.94), 2.1H]
< 7Fs3iT}. Phycocyanin 35> EC27} 2.3 mg/g, EC5
7} 6.2 mg/g, EC10< 2.6 mg/g® & WT] 1.6 mg/g°]
Hlel z+zt 1490, 3.84), 1.6¥1 =718t} (Fig. 5(a)).
Phycobiliprotein 214:2] -9~ chlorophyll ¥} carotenoid 2}
9] cerulenin 5ol oJE3FA] ¢l EC5 WHo T4 7f
& =0Tt o] A¥k=, Fig.49) Ae] g vlssst A
= Ho|F3Ith

Phycocyanin 23 © % unsaturated fatty acid®] 747}
FREATHR= Flo] ¢ A o [21], AR o] wig=
AURFA O A2 Sheka) A 0 7 o] FolThal B alE|G]
U [22]. adiee] oy, 24 A A AE# A Sl
A XA 3} carotenoid®] 5717} vAIZF Dunaliella salina,
Haematococcus pluvialis "5 Qojvi= Zlo] =5t [23].
AAE A2 AIZA L] oil bodyell $1AI8F] carotenoid
ol A& 4 A At 0il body WellA carotenoid &
A sk oAk 59 st 285 vERA Hol,
A 0) AR AR MR 21Uk AAE les
AIEITE, AT A nRP R, 9 A- gl 7
=3 EC5 2] WHolFollA] phycoerythrin¥} phycocyanin
o] AA F7Iske ERlsIith
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Fig. 5. Pigment content of wild type and mutants of A. platensis. (a)
Chlorophyll, phycocyanin (PC) and phycoerythrin (PE) content.
(b) Carotenoid content. Data are expressed as mean + SD. *p <0.05
vs. wild type.

4. 2E

B Aol M= vAIZRF Arthrospira platensis (A. platensis)
o EMSE Aglste] EAvolE festlar, At A
AA|AIR cerulenine 2 uM, 5 M, 10 M A 2] SF § 2} -5
Tofl A4S veRdl= WolF EC2, ECS, EC10S &3}
ek IRl wiek sk, WT2 ®olF=2] A% sije
2 FARISATE EC2, ECS, EC102] A4 3> WTo ]
el Z¥zF 4.4, 4.840, 1.34) Z7F6F31 a1, phycoerythrinsS
Z¥7} 1.54), 6.94), 2.1}, phycocyanin< Z}Z} 1.44, 3.84l,
1.69) 5713191, 2143} phycobiliprotein> EC5 Ho]5oil 4]
7S = A VRS Al Al kS w|X[A] RO HA,
A4, phycobiliprotein 53} -2 &Akst 35 YERY =
7157 f-8 AdEo] SUE A platensis HolF= AFIA S
2 88 PR AAE ol8E e Aotk
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