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Stability of Phycocyanin and Spectral Characteristic of
Phycobilins from Spirulina platensis

Dong Sik JOO and Soon Yeong CHO

East Coastal Marine Bioresources Research Center, Kangnung National University,
Kangnung 210-702, Korea

The stability of c-phycocyanin and spectral property of phycobilins obtained from Spirulina platensis cultured by helical tubular
photobioreactor were determined. The c-phycocyanin with maximal absorption of 622nm and allophycocyanin with maximal
absorption of 652 nm fractions were isolated from phycobilins by Sephadex G-100 gel chromatography. The yield of partially purified
c-phycocyanin was about 1.5% to dried biomass. The stability of c-phycocyanin in the range of pH 4~9 was high, but c-phycocyanin
was unstable over pH 10. The c-phycocyanin was stable at temperatures below 40T, and at light intensity below 15000 lux. And metal

ions were not affect the stability of c-phycocyanin.
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M =
ol ZFE chlorophyll, carotenoid E¥ phycobilins$} 2&
MAE T3ty T2 3L T AL 47T HYS e
AEF T ATz EFHN oy, 2 £HY 7 v$ o
Fot3 Bt (Becker, 1994). ol @ 4 ZHE £A9 13 44
F, B A o] & & FIEZHE #7189 A4S FE

e o827t e HETLR qAAGY. 2 A AFIH
o]-&3kil Jle A §AE oS uA A HAge] o3
Ao A ol AEADY FUE uA) 277} FEE FI Jle
v old] g AF7F ekstA AP 0tk (Aaronson et al,
1980; Aoyama et al., 1997; Barclay et al,, 1988; Ciferri, 1983; Gu-
din et al, 1980). A2 v]A A HERG dy W
g AAsL AgA Adde] & 3, g5y dige E2ojn ¥
AqUAE R £ v Ad e 44 ASdde A,
kg Z2REANAM Sid A FA, a9 g2 AgHe
st gle AE nEa EFLE BEon EH AY J5E
Ze B2E 25T E AME F sive A oA 8T AE
A4 2A2A 3 450 FEHUL € & A9 (Benemann
et al, 1987; Kishimoto et al, 1994; Piorreck et al., 1984; Bene-
mann, 1989; Ciferri, 1983; Borowitzka, 1992; Ben-Amotz, 1980).

89, Spirulina platensise ‘G272 Tl Eojn o g 5254
T2F v 23 $F4 oy aAYgA g 34 4l
A58 (Melack, 1979). S. platensise A9 60% o|4o &
HA2 FAH Fo3 dRddoz olgd F g1 AFL

=
T

GLA (gamma linolenic acid, Cis:5) F%ol =o} AHBHEAL
Zx o] M5t} (Piorreck et al, 1984). o}&-8 S. platensise
phycobilinszte ¥ M4 E F FF3 doe FHIME
2 uAzFS 2A FEHY (Glazer, 1985), o] FolA % phy-
cocyanine HAe Hd MA2 > A FAHL MAE R
Z WEA 9o AF Aol Ae 84 B 2AZAHE o) go]
7Hsd gl Aot (Mizuno et al, 1982; Gantt et al, 1981;
Ciferri et al, 1983). Phycocyanin A4 & I x ofoj2a Y,
AR, A 59 AFE A9E 33F Y THEeE 4y 9%
H3 g, dfEo] FUste At itk mehA oA
% phycocyanin 449 A4 7HedE BQASR o] Hid st
g 71249 47 Fdo] Yag AAo|h
£ drdAe 4F £ 48 84 22 &A= phycocyanind
Adat7] g8 ATREQ tbular systemol M S, platensisE ¥ %
3t wike ZFEZHE phycocyaning F&3 okgd S

platensis2 %€ % ¥ phycocyanin 44E ¥ & AAse 29
EY EAE 138 dgsiga, 3% BA € phycocyaning] X%,
pH, ¥ % &9 dd A4 4Hsh
NE ¥ B
AE mF
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S. platensis ¥ %l A48 wWixE ¥4Zeld F718A (Schlos-
ser, 1992 1 24 & FFS 1000mLe] NaHCO; 100 g, Na,CO;3
3.0 g, K,HPO, 0.05 g, NaNO; 2.5 g, K:SOs 1.0 g, MgSO.+7H;0 02
g, CaCl*2H,0 0.04 g, EDTA 008 g, FeSO4*7TH,0 001 g, Micro
soln. [H;BO; 2.0 g, ZnSO,7TH,O 0.01 g, CuSO, SH,0 0.5g, Na,
Mo0:-2H,0 1.0g, MnSO.4H,0 20g, Co (NO,)'6H,0 10g
EDTA 04 g, FeSO, 7H,0 0.7 g in 1000mL DW.] SmL$ 7H8
g2 28 F Vitamin B, (10mg/100mL)E 1mL 713 Ao
A,

B2 el Y =

Phycocyanin &4 #&& 8 "WAZF NFE helical tu-
bular photobioreactor® &% 18LAL, WF 259 ¥ A&
b2} 35C, 1450~1500 lux2 Z @3 Ach pHZEA L 4 Ho 2 3
3t kx, MEe €O, Tdol T71TE 06ml/mind] %
2 FFEEA s P3Yd Fig 19 wiFr1y JHE e
34 24ste] Yetli gt (Watanabe et al, 1995).

olMz=Re 2 ¥ X2

e gAe 422 (3000 rpm, Smin)3te 3L, &
A€ AN 1.0% NaCl £902 A FAE g g4 &
AL TAE dAZ, Bl dA= ¥4 dx8Y9 phycoc-
yanin &% A &2 FH
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Fig. 1. A schematic diagram of the helical tubular photobio-
reactor system. The air-lift system in which the gas st-
ream moves within the helical photostage and gas flow
results in cycling of the culture medium.

1; helical photostage, 2; degasser, 3; fluorescent lamp,
4; heat exchanger, 5; air pump, 6; flow meter

ol8t ME 9 phycocyanin &2 ZX

54 AxH § platensis® YHARLE Ayl wet 82 4
7td Azy, &L Y, A& Soxhletd, THE L micro-
kicldahI 2.2 F3tgom, FEL 10094 15 AL A9
ymA gez Jepf At

Phycocyanin ##F2 FH7Z% S platensis 40 mgs 50 mL
A4 AP S 10mL 0.1 M phosphate buffer (pH 7.0) 8
A8 & 1587 vortexdH 2 4C WA LA & HATE &
2182 (3,500 rppm, S min, 5C) & & FF4E H8t9 620 amol
A OD.#E 233 o} Ao &3] phycocyanin THE ALt
351t (Boussiba et al., 1979).

C-phycocyanin (%)
_ Ag0X10X100
339X Sample (mg) X (% dry wt)
Ago: 620 nm absorbance, 3.39: extinction of CPC at 620 nm, 10:
total volume (mL)

ChHMA HA Y AHER 84

%2 A28 S platensis 20g% 250 mL LA T Y &
200 mL 0.1 M phosphate buffer (pH 7.00% 7+ Tths 30&3 vo-
riex3t 1 4T WATGAM 5 X qF AAE2 (3,500 rpm, 5
min, 5C)8 crude phycobilins® FZ3A}. Crude phycobi-
linsE AAFZG3 100mL A& 222 FUALEF 165g2
AXE A7sbRA mubstel P4%E (10,000 rpm, 10 min) 3t
AEAE AT G, AUl FALEF 20055 ARV Ay
g gL, dAEE Addes ¥4 FE 01M phosphate
buffer 30 mLE H7tste] AT F 45d2 H3Ht €
g g2do 2 FHHAZ Sephadex G-100 (2.5 cm X100 cm) ol
NEE SmL $3A7 08¢ 5498 43922 £& 4omL/hr,
6 mL/fraciom) A Z . ¥4 € 2 ¢ ANagd &4 542
spectrophotometer (HP 8453) 2 300~700 nm * ¢1olA &3t
3, o}%# c-phycocyanin, allophycocyanin % phycoerythrin& 2

CREE LS

Phycocyanin®| QP44

BE AAF do)A phycocyaning <%= U BE FHARLS
c-phycocyanin (phycocyanin $#F=90 yg/mL) & &4 &% 239
A 422 A8 b8 c-phycocyaning ¥ HIE SH3Qc
o W tAALe 4 ¥ Fx 24 (050)e2 ZAEE wjPrld
NEE 2mLy 5% ABE A0 XS e FEE @ 33
g} vlwatgch 3, pH S0 g 4B 7 pHE MR
buffer (10M) 2mLel AJ¥ A& 05mLE 7Hte F& (25C) oA
A BAE T FREE S en, g&0ld o AL
Y Mg 10M $EZ C1F 358 /Mg o 24 ¢ &
A mutste] weAlZl O FHEE S WdE AU
A7) A e YABE UzTRIY e ¥ FREE &
& c-phycocyanin FHE ANsg o™, ¥ BF c-phycocya-
nin & §Fo2 FFE WAt
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484 YR S platensiss LFEE #JU3S c-phycocya-
nin®] A& A3 =1, helical tubular photobioreactorsS ¥
F7] (Fig. D& A8 AL self-shading 4L Fo ©9] 2y
Z WY F5E B&H 0 37 YFAolL, batch culture® &
e Y FUL, & -] §olda, TV F9 CO, §HEE
Y § o0& Aol A7) WEolth o] N2HE o8 AL 4
Ay wgAe Aolg BAEH (oo et al, 1998), 35C &% =
294 1500lux =] U FeA HHg AF FHE Be
H, 2500 lux odel ¥ A= N E G4 F7 AEagoh
o]&d AL self-shading 4L £ ¥ &4 Ao ¥Yx
(Watanabe et al,, 1995), o122 A7 tube (9~10 min)E whe}
ol AM F71F9 CO, §alFo] F7iste B2 ¥ Zx 24
AT 4Fo) B¢ Aoz FasA

UM R Y phycocyanin &2

Helical tbular photobioreactor2 W %3ted BolZ S, platensis
TE Az NE9 dWE S E4Y 2, d8E L 635137%,
FAL 195£16%, AL 70£18°1% 2, HEL 7911 21
TEE 2110701 B2 FFo] ga w1 IJE TFo] da
2e Rol BRI, T4 S, platensisy] DWHFE T
gy, BE FFE NEIE SR W gA] MFRG 95
240 A7l W i WA ved Foz s M,
Ao} A FA 9 c-phycocyanin FFE 95% FT 2 JALH wgo
z2Ry 4o A 1% FFA9E A RS

M4 HAH Y AHEY

S. platensis2 #8] %% crude phycobilins® ©¥ Y& o]
o AE2%H 28 o2 dids TFHY de A, o
Hg 9 dS A9 FAYEFEE FUhetd 15z
Ad e¥8d 228 AAGHYL, 242 FALGEFEE 7o
crude phycobilinsE AAAA EFHd (Fig 2). o] HFAAA
c-phycoeyening EHF Wi o 44 d¥d e FA}q 44
348 4 U3, o1 phycobilinsE gel chromatographydt %
t} (Fig. 3). 9, gel chromatographysl A 713 @4 &£&€ ¥
& @& FMoz AHERL allophycocyanin® c-phycocya-
nind HAd ¥4 342 652 nme} 620 nm FERA peaks}t 43}
A Yeton phycoerythrin ol 9 HFoME 4F peak
7t GERA gof €& 3 fo] od FHY HAAAE B
g 4= it} (Fig 4). Fig. 52 A8 H 4 allophycocyanin o
4 22U 652 amol M F8 peak’t FUEO YR c-phycocya-
nine ¥3=Eo YA allophycocyaninl2 #Hed & Uz,
allophycocyanin & &22 £& % Y4E allophycocyanin®
¥4 A% Yoz AHEJL $AT 4F (Fig 6), 62nm
oA HAd §3 99& sMAe NA2 A¥HAY cphycocyanin
E9 e FUE 7 UAUG. B A¥olA BEZ 3te A4 4
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Phycobilins from biomass
— fractionate with (NH.),SO. in 30% saturation
— centrifuge (12,000Xg, 10 min)

Supernatant
— fractionate with (NH,),SO, in 60% saturation
— centrifuge (12,000Xg, 10 min)

Supernatant
- resuspend in 10m 0.1 M phosphate buffer (pH 7.0)
~ centrifuge (4,500Xg, 10 min)

Supernatant

— apply to a Sephadex G-100 column (¢2.5cmX 100
cm) equilibrated with 10 mM phosphate buffer (pH
70) _

— elute the column using 10 mM phosphate buffer (pH
7.0)

- pool the same color fraction

Scaning the O.D. in the range of 300~700 nm

Fig. 2. Procedure for purifying the phycobilins from S. platen-
sis.

&7F o] o Aa2nEI#HF do|7 c-phycocyanin®]
FE2 AAF e o 15% F=2 &3 FAE Axe o
]

S o FX 00
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N

C-phycocyanin 42| oYM

B& A€ c-phycocyanin 449 AHHE AT A< Fig.
7R 8% 2o 2= td ABAHL FE ARZAMe 2oL
15C7HA) AR, 35C o3 ExdA e Aol AP
c-phycocyanin F o] wotR o n, s5CAMe 17% A= c-phy-
cocyanin FFo] 43T £ dFdMe @ Yige oF
2 g Aol gA doid Aoz fudle 229 AN
A ARE PR FRAY, APHLE o) 43S nHITH
tg A &5 HAA 228 3N AAF HiE BAHY
ATl wE g4 g §AT Bavt slg Ao AU
T, Yol o 2 A= NPT 23 2 ZE 15000 lux7HA =
AF wWao) dojux) ke, 25000 xj e HEF 4A T W
AZ 25% AEY AHo] dojude Aoz AHUG, ofx Yo
g8 o= Ax NS Aoz Adsed, 45 Y ¥ BxY
FAFE 100000 lux B=7tA ¥ Z=& WAAA AFHE Al
gL Bart dg Ao BAHdch 34, pHA B phycoc-
yanin®] ¢3S ANET AHA UKol FHX I3 pH a7t
A9 ARG el Ae ¢ FFF Ao vdEten pH 9 o4
9 473 9994 L B¢ Aoz delbged, pH 119
ZAMNE 15% HEY WA do|g Aoz QYU 17
3 FF& g% WA 34 #2HA gud



Spirulina platensis7t A4¥8HE phycobilins

-
/{2
// \
2 o
g ™3 2
H : e SN
o - .
2 os- N y
< . . < e
o8- B
04 \
02~ - - - -
20 30 a0 450 500 S0 &0 _Wavelength (vmj

Fig. 3. Photograph and spectral property of crude phycobilin extracted from Spirulina platensis,
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Fig. 4. Photograph and spectral property of unidentified pigment fractionated by Sephadex G-100 of crude
phycobilin extracted from Spirulina platensis.
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Fig. 5. Photograph and spectral property of crude allophycocyanin fractionated by Sephadex G-100 of crude

phycobilin extracted from Spirulina platensis.
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Fig. 6. Photograph and spectral property of c-phycocyanin fractionated by Sephadex G-100 of crude phycobi-
lin extracted from Spirulina platensis,
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Fig. 7. Stability of c-phycocyanin in each temperature and light
internsity conditions.
Light intensity; A: 50000, B: 10000, C: 15000,
D: 20000, E: 25000
* Mean + S.D.

O [¢]3
=9 =

Ay W gAM 7 HAHY 2L helical tubular photo-
bioreactor (18 L)l RE & ZA3t &% S plaensis?] Yt
AEE A4 23, 9 AL 645428, FEL 208419, AWA L
72412 2 HE FFL 7820813k ¥ FAZRY c-phycocy-
aning &8 443 Sephadex G-10022 A d7 AA
4ol g&o] A=A o] YRS 2HEFS BANF AT,
A 3 99 652nm9 allophycocyanin® At £33 49 622
nm¥ c-phycocyanin°] FJHAR, G438 A= A phycoer-
ythrin 2 &5 & 28 4 U #9, c-phycocya-
nin Y& 2z FAF A 15% Az ¢ 22 &8
Vet it 88 AAE cphycocyaning ¢AAE APH A
AL M dl$ g, 50T ojFe ExMe It 3
o] dojupe Aoz YA Lo g ¥h& 15000 lux7t
AT Ad @ao] dojukz eFgkot, 25000 luxlAE < 25% 9
WaAlo] dojt Aoz vehyt pHYl WalMe FA RT3 pH
hA e Ao e ¢ ¢S Aoz vegen pH 9
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Fig. 8. Stability of c-phycocyanin in each pH and metal solu-

tion conditions.

Metals; A: CaCl,, B: MgCl,, C: NaCl, D: none,
E: KCl, F: MnCL, G: CuCl,, H: ZnClL,

*'Mean + S.D.

ol 49 dzte] YYNME thd E¢rd Aoz JeEted, pH 1t
o zAME 15% F=] Wo] dojd Aoz AL &
Y opH, &= 2 ¥ Zxo] Wsted @& &9 JFE FAdA=
Gstoy £ A¥ zddxe Fio A c-phycocyanin
A Y mAAE g AeE yeygth
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