Korean Society for Biotechnology and Bioengineering Journal 30(3): 119-124 (2015)

http://dx.doi.org/10.7841/ksbbj.2015.30.3.119

ISSN 1225-7117 / elSSN 2288-8268

AP

A 50| SO &= Arthrospira platensis 3= 7|5 4 EA4

47, ol A3+

| =)
TR

Characteristic of Arthrospira platensis Enhanced Antioxidant Activity

Soo-Jeong Choi and Jae-Hwa Lee*

Received: 13 June 2014 / Accepted: 19 June 2015

© 2015 The Korean Society for Biotechnology and Bioengineering

Abstract: Arthrospira platensis (A. platensis) is a micro-
scopic and filamentous cyanobacterium that derives its name
from the spiral or helical nature of its filaments. In this study,
we induced mutants of 4. platensis through NMU treatment
and selected two strains by level of ipid contents. We named
mutant ‘1-9°, <2-5°, and they were cultivated in the same way
with the wild type. During 12 days cultivation, cell growth,
dry cell weight, pigment content, and lipid content were mea-
sured for characteristics of mutants. As a result, pigment and
lipid content of mutants were increased about 3.6, 1.8 times
compared with wild type, respectively. It was shown that total
flavonoid and polyphenol contents of mutants were increased
about 1.5 times compared with wild type. And radical scav-
enging effect of mutants were increased about 10% com-
pared with wild type.

Keywords: Arthrospira platensis, N-methy-N-nitrosourea,
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1. INTRODUCTION
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A QU [1]. v 27 W 7FRE o] =, AAY, st
A 5o F8=dE T2 3FshioR W Hio] @ A ALt o]
S5t} idlo] FH3E azhe] S0 AAY Sk Arthrospira
platensis (A. platensis)= 1} A8 o] G ZF 0|t} [2]. A platen-
sis= polyunsaturated fatty acid, B-carotene, chlorophyll-a, c-
phycocyanini} Z-2 §-84E-5 FHote] FEFESEZHN Y
7}A 7} §-eslctal B g o At} [3,4]. C-phycocyanin A.
platensis7} 35t T F oF 20%E 24| 5hH AT H|
o fApg AAp|o] Aol egshn FARS}, A T4,
HRF, ddE 59 a5 7Rt [5]. Manpreet 5 [6]2
piroxicami} c-phycocyaning ©|-£3'H 42 FE=51= 1,2-
dimethylhydrazine (DMH)= 7+45} COX-2¢} 248 7155t
EPA91S skl at3cy.

A. platensis W A AL A&} oJokE T 1l A4 7153t
Hpo|Quj A& 2h-g-o] 7hastt). nlA 27O FAAE
2 HjoF 270 whet SAEo| gebrlvhal Hiwn 7]E 4]
ol Hlsf oF 50~100 v} o] &2 A& AAFS ARttt
[7]. vl 27 ohE 2=l vls w2 A4 gl &
Fotal Az o] vt A A o g v, e o3t @
T7b S WS 7HA AR ARl o] 852 Wk E3E v]A|
25 W Aoy A4t 2 f8E28E FE5 A=
YA o] Brol AA A1 FHA|E 7T o] & F535}7] ¢ 6
AN ZE FEEdol v AR nAE{Y 23 NT

A

2 B3 AL ol R0 Bastu.

MAER ) AL 2L GEEDS HAHOR o]}
7) 9130 chopet A1 Se] AW Gck AE O 5823
o B F712 9131 S0l HS B A Y
3} §AR 2AE U BRI Pl AHgH T glom,
chFRE S0l HelS B3l # RS Aot £A9
S0l o] gol AHGH T ik [8]. EAMol A FREL
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27 £2)% 00|17} 85ty Selwlo] Yo i 4
9lo0] Be|2 Seivol e Aot Ay 125 XAl
o] 1o n 3}6t2] = Ho| YL ethyl methane sulfate (EMS),
N-nitroso-N-methylurea (NMU), sodium azide (NaN,)E t] %
Ao g 5 4 Qv 3Fekd o2 HolH 9 §7] &&
o] Ethil HiEo} x|, sodium azider= HAA| 2] MF U
719 AAE Foll AW 7F FE AL g A U [9].
A& 50 EMS A2 & ol =¥ 4. platensis /N w7+
ot =ol Blsf ol 4tsterar a1 Fo] oF 15~17% 71 &
7hEl Gl om] A| 32 o] B g oF 2 uf o] 4 F7tE|o] At
2 Q1 22 71581 A sHelTt [10]. =3 NMU2} quizalofop-
p-ethyl& ©]-8-3}9] Nannochloropsis oculataat5 7| A
3542 lof eicosapentaenoic acid (EPA)7} =t H 7N o
FE& 353519 21, N-methyl-N'-nitro-nitrosoguanidine (MN
NG)E Chlorella sorokiniana®] *2]3}o] lutein gHaFo] =&
Mg w75 = 5 AT [1]. oA " sdHo|d A&
SRt AP A2 W AR Y Sdehe A S
7t NMU= ¢4 8ol E £4 9 s g == EdHold e
2 FAze] 47148 ks Sl ol de gttt u
24 NMUE Ed ol o g o] §3trh Kot e FH 9
Ng d75 G5 5 S Aol deHh & Aol
A shete S o] o) 3|dsl= NMUE 4. platensis ©]
st MFdTE IS5t on FAiksten 22 A
g 248k

2. MATERIALS AND METHOD

2.1 A3 Wiy

E A= Arthrospira platensis NIES 39 (KCTC AG30033)E
A BT A S A AN 2R Bepwol 143}
Aok A F71u) 2] ¢l SOTH| A 2 ¢35 vl sl At
SOT #}#] &= SOT-13} 28 7}2} 121°Co] 4] 15 & 7+ d7 o
YZEAIA £33 10 N NaOHE ©|-8-3ff pH 9= 24 3}3ith.

fo=]

S
oh B 12 A7 12 412 (9 1 R Wik A FY
58 AHgetgct[12]

2294 F 84

RS Sl sk vA 27 Ul A HekE o
ofx 7] 9jaf vioF 12 Aol AE ) 222D} 72 E| 0]
E s 2SI Al W Mgk S AlE 1 ml
< 13,000 rpmojl A 3 &7+ 4227k F A5 de Al AL
methanol 1 mL-& A 7}35}od 60°Cof| A 30571 U859t} o]
B 0°Co A 287 Wzk 5 13,000 rpmof| A 287 LA E e
tol A5 dS Eelstalnt. 223t A5 A2 UV/VisE 7]
£ o] 23 650, 653, 461, 664 nm T} o) A EHEE =A 3}
Ao S4 3 of Aof tidste] ALtstFet[13].

Chlorophyll (mg/L) = (Agsp % 25.5) + (Agss x 4)
Carotenoid (mg/L) = (Aye; +(0.046 x Agey)) X 4

24. AAHF 4

NMU 24} & 91 wlole] X2 ke #48t7] 919)
Chen 5 [1419] 412 o] §:5}e] Zg3ich. 24 shelic 4]
O] EHWE2 052 AT A 10 pLO 252 138 L,
0.5 ug/mL 5= 2 Z &3t nile red 2 uL, DMSO 50 uLE &3}
sho] 40°Cofl 4] 10427t ¥H-3-3} ik, ¥hg- & & FF A (Infi-
nite F 200 pro, Tecan, Austria)E ©]-&35}¢] excitation 495 nm,
emission 620 nmol| 4] &34k (fluorescence intensity)S 27
% nile red2 A E A 29 FF 7kt ] N 27 2HA| &F4k

o WA AZ7E 74 N g Bl S48 (A
shapo] Aake 918 Bertozzini 5 [1512] W& WF kel 7]
AL AAstelon] o)S uigto m A ) A datel A
22 35l [16].

2.5. C-phycocyanin §F £-4]

4 AZX3SE oA Z2F 100 mge 0.5 M QAHFE=8-90 (pH
6.8) 5 mLof| @31, homogenizer (Wheaton, USA)E ©]-8-3}¢]
AES Baslgs. 2ol 9o 2rdole

iy
1

10,000 rpm & = SE7F P42 2 skeint YR st 42
AF5oe o] §5te] cphycocyanin L STt C-
phycocyanin® 20 ug/mLo] =& QA=
o] o] 2 o] 83 E2 AFML A olo]

2.6. 2 ) F4t3Hs £4

Homogenizerg ©]-83t0] 42 A& 0|83} total flavo-
noid content, total polyphenol content, ZH-3-2}t]Z A7 %
(DPPH)Z ELISA reader (Molecular Devices, Spectra MAX
250, USA)Z =& a9t}

2.6.1. Total flavonoid content

Total flavonoid content += NFRI [17]9] S &85} A
stk ZF Al& 100 uLoj diethylen glycol 1 mL¥} 1
NaOH 100 uL& &3staL 37°Cof| A 1A 7F F-oF A X35t
420 nmoj| A &L =& =4 35}9th. Total flavonoid content=
naringin (Sigma)<r ©]-8-5F0] AHJ 7t EFETAS o850 A
Aksteict.

2

Hob = oot

2.6.2. Total polyphenol content

Total polyphenol content + Folins-Denis [18] 5 o] &J3f =
Akt A& 50 uLol| 2% Na,CO; 1 mLL 7F3he] &3, 3
7 A2 & 1 N Folin-ciocalteu (Sigma, USA) 50 uLE 7}
FRACh RS 3087 1S 5 750 nmo A BREE =
3} T} Total polyphenol content+= gallic acid (Sigma)E- ©]
of 32 AL AT o0 AFAG olg3to] A

FSAT.

ol

}

2 OFO ox
of ol
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2.6.3. A}-eFgja 245
A28 Atz 275

th. Al& 100 pLef 0.1 mM DPPH (l,l-dlphenyl 2-picrylhy-
drazyl) 50 uL2} 10% o &k 100 uL& 7|3} AH-& 213 o}
OjEP o Rh-g-lE Eostar Ao 1527t Ho]'xlél‘/»kl:]'
SN 525 nmol| A FF =5 SASHAT AR o5
w9 A& o]-&3tof ALtstitt.

Scavenging effect(%) =
[1 - ((Asample - Asampleblank) / Acomrol)] x 100

3. RESULTS AND DISCUSSION

SN F=E R AZ A
%/&, 719] A. platensis H|3EE ©]83}o] 3,000 l‘pm"ﬂ/\i
{ A2 e stel M 2E ﬂo}‘ﬁﬁk OSMOJAM

= Relato] o w1 F 7 of sieakolol
oot S Tl ZR S ofF uy

0 712 o F 0] B EA

F
L
m{ru
:lo

NMU 1,2 mM #2]2 Eaf thae] A s 5okl
ool 85 A1 ke PRl 19 24 e
o] =& MNFwFE 22 1-9,2-52 grgstqict. op 2t
o] M A% B 2§13 32 22 0.2 128] B2 520 nmo]
M Eae2 24590 (Fig, 1(). 7Hak42 9 oAl
ol v3) oF 6% 7”\6} vl 2-5 32 oF 10% 27}5L%
STk Ul 1290 F. AE ALFHFOE ekl ol
QujA MEFO AL 19 FFE=9F12¢g/L,2-5dF= 14
YLE ko] obge] vpol o) 4 Aekel 13 ook
e AR e SISt (Fig 10). £ AU F
o) WAl 250 FF ol vl Hpo] emj A gFo] W2 e
141—‘,3 A0 & Nannochloropsis oculata o ZFJA ZAIZ =
= oo Ad Al =AU el T [13]. N. oculata
o] o1 4] S0l vl vfo] o) 2 o] oF 24 112

HABG O] B AHAE 26% TS BHelg & s

3.2. A F W

Soiuoll Ao Faf AuT AY % W A
[e)

B
2
oflt
&
RN
ool 1
ﬂ:" Oi _|I)I4 Ug‘_i
AN HT ok
AN o2 K o (B

Buj
=
rr
ol
rE
o
i)
=
S
a
g.
=
ol
otd
o3t
H1
S~
>,
-
<2
ofi
flo ¢
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Mo

(R*=0.99935)% LreR o] 2] Aol ALg-3tgict. 7
1-9,2-59] 34 7h = =22 AL o] &3to] AeFst

p8

19.4 pg/mL, 15.7 pg/mLZ 10.6 pg/mL o) obA 3 2| A &t

o i
)

ot
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Fig. 1. Cell growth and dry cell weight of WT, 1-9 and 2-5. (a) Cell
growth, (b) Dry cell weight.

Lipid content {pgfmL)

WT 1-9 2-5

Fig. 2. Lipid content of WT, 1-9 and 2-5.

St of 1.8ul, 1.5u S7Hek& =<l
]/\_"}_EL_ AP ]‘:’_}/\J‘%‘Q’]ogok O] ﬂ@‘ﬁqﬂb}%E
O} pH -2 249 HstE T3 AR H3h= A2 Y
2 A} umé B3 ohge) AW S otk A oR dEA
2012 fed-batch A @ W& ©]-§510] Chiorella
S XPstg o 1 A}, A &H 07 v
FaE Al7olE #A49 s =7t SRS 8l
SHAAIRE FFol dHE wg 7ol = 54 AT =
o @fgol FHE AT 4 e,
A4 Ay WAL o A Haematococcus plu-
HAstg o A A A A HAE Y
1—_1/}: =
o
T}

shol 3} T} (Fig. 2).
oFR

vialis®] E4&
shogko] 27488 W Takglr), n) 4| 2Rl A)
Te 2EY Lo EHW St 24
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Fig. 3. Chlorophyll, chlorophyll per dry cell weight and carotenoid
content of WT, 1-9 and 2-5. (a) Chlorophyll content, (b) Chloro-
phyll content per dry cell weight ,(c) Carotenoid content.

of thAsk7] Sie) A2 2t P%% =3
_]

WESHA ek olefat §6 ek A%
B8 YA 210 % % g SLAY & AH S B
A CE T E ) Y M,
GA FHAA FEFL oF L5H) o4 F7H3 A2 Bl
st

33. 84 ¥ as

AR AZ ) AT ek Belsh] 918 e 129
Aol 222U AR 0| E FFS ZHAAt AFR
% 1.9,2-59] 2229 ke 7h7t 138 g/L, 14.2 g/LE of

Phycocyanin content (pgfmL)

WT 1-9 2-

N

Fig. 4. C-phycocyanin content of WT, 1-9 and 2-5.

AYat=ol| Hlsh oF 9%, 6% 24x5klTt (Fig. 3(a)). o] & Al
Azzg o 2229 ko2 vehyd 112 myg, 10.2
mg/g O 2 ool v af oF 4%, 13% AT gl akglch
(Fig. 3(b)). 72 E| o] = JHF2 15%, 1% #H4sto] op Aot
b Bl =oALV A5 Atk ST 4= ATt (Fig. 3(0)).

A. platensis Y| -84 F 8ttt Q1 c-phycocyanin T2
éX4 W B A35}14 ). C-phycocyanine A. platensis U] 343}
FATT 22 gl Y-S | 1—%X‘§ 2 Ao

001

fu

A ob R U A EE W B TS 5] 93

QUAE AL o] §5to] £3 ¥ @a&% w43kt C-
phycocyaning: o] §8 2 ATA 44 L §Io SRR F

v =
BEs 2gstgon 2O AA4 R=0.9925)% Lehol
c-phycocyanin 2ol 2|3Hahckn Bekareict. ob R
cphycocyanin $FeF-& 2F 0.3 pg/mLQ1d)| vkl 1-9= 2F 0.9 g/
mL, 2-5& ¢F 1.1 pg/mL 9] c-phycocyanin $H3-%2 LEFY o
oF 2,64, 3,24 Z=7}aHS BHol 51T} (Fig 4).

Sharma 5 [22] A=A ol & o] & A 2Jsto] AL
7 =0 H3HE Zlsiitt. B S F ol WA sk A=Al
ol Z2] A SHoldel AHS Aestiion o5 &
off A=Al W A gk A = FaE Zelstkgi) S,
L. Dube 5 [23]9] Z22HE oA = EAHolH A& &3

ABAZ ) Aagel WslE Beld 4 ot S,
Dube 52 22|37} & EdHo | A g= A& 9]

2 WA Zhe. s A T ALS A Ff e, S ol oo o]

o 2EB|ATL SEER CO, A7 ETH W AZ W Az B
o) 74 B Sholeh Ea vl A2 AR W A
Wsl A4 gk wisle} Ha % 02 uas}el [24], phyco-
cyanin T} o AT AL AHkAlg e 58 B 9
Sef 77 A WA e EJ_O}OM;} 25]. u]/\ﬂz 2L 2

o=
A 29 9 334w Hl ZAE B3l AEHA ﬂﬂoﬂ/\i

272 918l A1 A 1} carotenoid?t 2 F-8E4 S thg 54
gt [26]. AE | A S of| A ek Al E W A A2 Al
21 9] oli bodyo] §*]3}o] A4 (chlorophyll, carotenoid)g 2]
25 71581 811, oli body W M A= A& 7}4ka} o4
of 72 apaks} S Lehiich o)2f Zo] AlZ uf AAL
0 z0] R 7 Belo] IS bt [27),

¢

_!
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Fig. 5. Antioxidant compound content and radical scavenging effect
of WT, 1-9 and 2-5. (a) Total flavonoid and polyphenol content, (b)
Radical scavenging effect.

34. 2T FAS s £4

Negatd W Atst 24 3 9 ditsks& vlastglct
U A 25 O] §-8/ 5l ek A1 I dEL
o|= e M0 pego] opt o} 2ol 7} QL& gHels
ot ®3t HFFF3E W c-phycocyanin 3HFe] WEHE E 3|
FASHs I -2 A 2| 2d ©f W3S §-551A = Sl ahet
A EetE ot Y Eojusa e AteE A o U &
%k Hak?—r—i Eeti o],

2 QUIBFEAL ol §elo] 2T AUAF GG
o]-§df % 3t AR o F4tst 54 TS Fig. 50 UEr
Qltt ZEfR ot AL 93| naringing ©o|-&5}0] EF
AFHE et on] £ QA4 R=0994)S Uehol
Zefuicols Hupo] o WA ASTE 19,
2-59] ZetHE o) = SRS 4.1 pg/mLY} 6.8 pg/mLE ofAY
2ol ule) oF L1u), 182 Z7H312 sHolshelet. Eeluls
A= Aol gallic acidE ©]-&3sto] FEHFAHS AHJ5HA
onf £ 244 (R=0.9862)% Vet o] Z] 9= Aol
ARFael L TR T AR 19, 2-59] Eeputeo| = g
22 12.9 pg/mL} 11.3 pg/mLE o F3=0f H|3) oF 1.64],
L4 7kehe shelselch, Ageteiz 2% 274 A3}
ORI FE OF 36%] =] S| AR 1.9, 2.5 L oF
40%, 42%9] 24 5= UEbd S 2kt (Fig. 5(b)).
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theo] RS AurE n A 5] 2 W aharet 24
Sragol op ol Hl3) ¥ &-& M nsHAT. 4 5L Ax
242 B3 wolRE 5ty on wo|Ro| gakstEa
T W ek S 3 S 0 n, A 2412 B
A5 WOl Heputeols YL oYl VIS

3 =
ool Zef 5100, elsis G oF 18] Soj o
} 28], Abd- ElBaky 5 [29]& t 4|2 59 44 87 1 =
WMo 9) A ele} e AEE A AR A HE U] $A1E 2
5403 o] b asisie ol A% Ul £
ahe slol AT B sty ol 2a M s
2 3 A7olde] NMU Heli AEdA elow
of A 25 A ) SHAkSE B Sk o Aol Wste

Aolet 223 4 9k

o

—INJZi-’?iﬂHUmEr_&Jl

32 ofo oft
o o [0

4. CONCLUSION

B 3 n) X 2579 4. platensis©] 1,2 mM2] NMU A 2] &
ol ol E ok al, A ol SHiE ol
1-9,2-55 At 199} 259 &k A2 A=
R AL (ZRED, 7HRE 0| ) TR op Ao} v
ZoAY 21 TS HAoh sHA R vA| 27 8= 2
of afgste EAMo]F2] A&} c-phycocyanin FHaF2 oF
A atFeof vl w=of He ZolE BTt A A dEF2 nile
redE o]-85lo] N2 G 3 YJJT} e & S5, trioleinS:
ol -3kl Hepatol kg on] Eelo|2e] A7 e
ofAl o] HE| 2o 1.8 v 20 Y-S olstct. C-
phycocyanin 3+5F EA1-S 98] oot B HO|FE 0.5
M QlARgbEQoko 7 223lg o, 24 A} o 73|
H]3f) £ ¥ 0] 39| c-phycocyanin T2 oF 3.6 v 27132
sholg} 4= 913l th. C-phycocyanin g S| = Sél—/kl-ﬂ%oﬂ o
F& vtk 7189 HS Faste] b
vonoid £+ polyphenol 3tk ol x]- a}l:]zﬂ 5\_74% A8]S A
Hetsich Edu :
3] ¢F 1.54) 0]/4—2:7]..%9;]-0]0]_ U% Z}_'Q’_‘—_q_]:]% AALO
O F &} vS=3HS Felsloit) ety Zod

> OXE

S So AEE 19,2575 A Ao GL vl 717 o
om 5854 FA4AA 9 c-phycocyanin oeF-S ST A
| SIS 2 S B S 7Hsle] 754 A A

Aol 282 4 & Zlolth
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