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Abstract: To develop a novel purification method for the pigment protein complexes ( PPCs) ,PPCs were separated and
purified using aqueous two-phase system( ATPS) of polyethylene glycol (PEG) 1000/ potassium citrate controlled by pH.
The extraction condition of PPCs was optimized. The distribution behavior of PPCs in ATPS was detected by UV-Vis
spectroscopy ,and the purity and biological activity of product were investigated. The results indicated that the optimal ex-
traction condition were 19. 0% (W/W) PEG1000,20. 0% ( W/W) potassium citrate, the proteins adding amount was
3.42 mg/g,and with pH 9. 0. Under these conditions, the distribution coefficient( K) and the extraction rate of PPCs
reached to the maximum at 8. 8 and 86. 0% ,respectively. Response surface methodology analysis revealed that the phase
compositions of PEG1000 and potassium citrate, pH condition had the significant effects on K and extraction rate. In re-
verse extraction process,the K of the reverse extraction came to the maximum of 0. 15, the extraction rate of 86.6% at
the pH 7. 0. And the total protein yield was to 74.2% . The results of UV-Vis analysis discovered that the distribution be-
havior of PPCs can be regulated by the pH of system. PPCs tended to concentrate in the top phase solution under the
condition of pH >8.5,otherwise in bottom phase solution. The factors of PEG1000, potassium citrate and proteins added
had not affected on the distribution behavior in ATPS. The electrophoresis analysis result found that there were two pro-
tein components in top phase(pH 9.0) with molecular weight( MW ) about 7.0 kD and 14.0 kD. After reverse extrac-
tion(pH 7.0) ,only a component with MW 7.0 kD was back to potassium citrate solution, which was the 8 subunit of

LH2. The biological activity of the purified PPCs was stable after the routines of the extraction and re-extraction. PPCs

WK F 1:2015-12-16 $55 F 120160307 can be separated and purified by the ATPS of PEG1000 /
15 Fea “le= ra Yo 2

SEATH E A R R H (2014SK3023 ) 11 45 B R Rl A potassium citrate through controlling the pH of the system.
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bacteria) #£ 47 6 & VE FH D0 fE 8. 0G , A2 48 S B bt
( Reaction center, RC) FIHv .0 58 & 14 ( Core light-
harvesting complex, LH1 ) DA & b B 4/ 658 514 ( Pe-
ripheral light-harvesting complex, LH2) ,RC EZH¥ 5%
REFE AL M koAl LH2 1 LH1 £ 9EFT G RE A i
Fifg ', 20 22 80 4E4%, Deisenhofer 251 Yk 7F
3A K R T 460 4% 25 B ( Blastochloris wviridis)
RC 1 A 254, (0% & A P AL BEATE 50 0SB R ik
JEI L ARAG Al Ak Y 0 3R R A O T 9T A
HEHFDCAEE VLI R SCE S, HAr, 2ifk AR
HAZ AWM HE 1728 R H] LDAO B8 % 40 i i,
it (NH4),S0, #h#7, DEAE-32 214 R F B 7112
Pror e alife % 4 Jaifb R | 2 A%
f RC & & & H 7 5 (MW33. 1kD) M W &
(MW30.7 kD) Al L WA (MW26. 6 kD) , Ll J HL &
A& (LH1 F1 LH2) B2 a WA (MW6 kD) K B I
F(MW7 kD) . {HizJr i aife e b B 2 4, glifk
WCRAR, FBIN, T Bt B LA AN AL o

KOKAHZE IR A (B K W A0 3 BB R ) J2
BTV R, R ) S5 AN AR 118 T 7R
[F1) 73 E 22 S S0 B O 2R U B BOR, BT 140
Bai L 2P A YRR E Y2 (B A0 LA 20
BRAE) EMIR > T ot (20 R | b 2R L T
25 LA R — S A NGy T R AR B Y
AR T o B alife— D58 i, IF 2Lt , 5 T
TR, PR, AR AR S S A O o 3 IR
AR RS R G Y/ BERER R EY/ mREh R
TR/ FTEmRIRAR D . PR Z R (PEG) /i
PEER AR BA LB AR L 4 TR I
(1) PRI B, AL Y B 0 8, IR PR R
DL SRR N W 4 1 0 0 2 5 aliAk, S O
AT RO S AT iz P TR T
(PEG) /mhPEh R 2 0 HI T8 1 BT oy s sl A i o g
AR SCUAAS 52 38 38 43 125 Al A0 O] 20 B e 6 & At TR
SI312 Btk RE A E SR AR, FIHIR C =
B/ R IR TR WK AR R AL 8, RGN T
PEG1000/#7RRH1 MUK AR AL HUA3 85 2548, A €5,
REAE AW A YiE, LG 6
REAE GBIk,

1 #R5HE

1.1 #

AR SI31-2 TA AR A AR 5250 % 43 25 4l Ak il
WIS I ORAE o AR I3 2R AR ( BR) I T
AT EE RS T (BR) W TR K, 3
P (BR) K Tt a0
1.2 RXFI 5

Unico-UV-2550 2840 Al L4366 BE i ( H A
H) , Hitachi F7000 2564306561 ( HAS H 57) , pHS-
3C pH i ( _FUEAEEL) ,TYO8- TN #8574 ik 4 ik i 1%
(TUHHFZ) . FEWseiE G250(BR) ,PEG1000 (7
BERRAN Tris FPEERR NaCl | FEME U ER IR . FH st DK S
PR SR 38 SRy [ a3l , S FH K A RGEE K
1.3 XWHZE
1.3.1 &8k

5 Bradford 25 K B, W45 R
RN By i 5o i G250, MOCiE K o 595 nm, i i
DN, 2 P Bk B I e bR e M e e TRl y =
5.2166x-0.0837 ,R> =0.9998 ,

1.3.2 &FRGLSRREBERNE

WCEEREFR S d BDGE AT, BEEKETE  IAZ
B 50.0 mg/g W AR B TG, 37. 0 CIKIE 6.0
h, R ECE R, IMARFL 408 1.0% 1y LDAO,
JRE 5N 0. 1% 1% NaCl, #8745 I % F 15. 0 min
(plus 3s, stop 5s, Zj %K 80. 0% ), 10000 rpm B .[»
15. 0 min Y8 3% ,50. 0% MR ITIE L E B E
AR B IR VR B, TL 22 003 (10. 0 mmol/L, Tris-
HC1,pH 8. 0, {KFL 43 %0k 0. 1% [y LDAO) ¥ i 17
T B HTBRER BT R AR R AR E N E S
USTIE RN il BV reridi <92l
1.3.3 kA8 A%ARE R E

SR A5 VR e A B, K 50. 0% (W/W)
PEG1000 %5 \40.0% (W/W) FriG iR R N 25 15
FKBRE ; FRE— 22 1 40. 0% (W/W) ¥y IR #1148
W B A v, 30 C KW, ¥ 50. 0% (W/W) [
PEG1000 #5204 in A By, 1 2 1 B3,
/b K 2V RO 2, FREE B 2 PEG1000 Jin A&,
RN — SR, R HE AR ERAE 1S
F RS R . ZIRK . PEGI000 FlfiG R #f
Bt E S A

X(%)=P/(P+Q+W) x100

Y(%)=Q/(P+Q+W) x100

KX N PEG Wt & 7080, Y WATE IR # 1Y
Fi 58P o PEG fER G Y B (g) , Q AArE



Vol. 28

JESEEREE : pH 2 UK AN A A R 1 2B R A IEAT oY 663

ARG AR (g); W WKIERG TR S &
(g)o
1.3.4 PEGI000/ 4742 BR 474K Z 40 R 3T 22 B % vh

FE Chppmm N 20. 0% (W/W) , 5586 BEVR E
17.0% 18.0% .19.0% 20.0% 21.0% () PEG1000
JEAUK AR, pHO. O, 35 1 T2k B Ry 3. 42 mg/
g, R EORENE G, WE B R A AR
B, U3 AP AT LI B . BE Crpcione N
19.0% (W/W ), % B v BE R 18. 0% . 19. 0% .
19.5% 20.0% ,20. 5% ¥y 15 2 £ J& B WK AH 14
Z,pHY. 0, AN AMREE N 3. 42 mg/g, H1TEEH
BRI B o e 2 e R 8 A, L 3 4T
SEEHCT A, AOCTHREAR :

SR E K = Cv/Chy FAHZEBOR (Yi% ) = I
FHEE B (CHtV) /78 H B R (CiVe + CbVb) 5 R
FHZEBCR (Yb% ) = FAHE I B (ChbVb) /8 1 T
ME(CtVt + CbVb),

Arp Ct .Cb 43R b N E A& &, Vi Vb
3 RER b AR IR
1.3.5 &G KRB FERE 7w

FH Copoino N 19-0% F2 C ooy N 20. 0% FHLH
B ROKAR F S8, pHY. 0, B8 2 11 BT fin A i, 1K &
BT E S350 0. 83 mg/g(5.0 mg) 1. 67
mg/g(10.0 mg) .2.58 mg/g(15.0 mg) .3.42 mg/g
(20.0 mg) 4. 17 mg/g(25.0 mg) . Wl5E 73 BL 2%
AHE, DL 3 APAT L O E . THREA KR L
1.3.6 pH st HE B ¥k

PEH Copoino N 19-0% F2 C oy N 20. 0% FHZH
B BUKA R GE, S B AWK 3. 42 mg/g, D)
FrEAeE 2 I8 5 WK AH AR %2 pH6. 0 pHT7. 0, pHS. 0,
pH8. 5 pHI. 0, pH10. 0, #F47 H& [ L 19 A B4 5
e 53l 2B FEBCR, UL 3 4 AT 32 50 BOE Y ME .
AR L
1.3.7 v 5 @Ak AL 5% B ik i

TEFA R L iy il |, 245 Box-Benhnken H
DAA R, &1t 3 K&K, 40028 PEGI000 (A) (7
BERRAN (B) B pH(C) 5 o 3 KF, 735l A A&
(18.0.19.0.20.0) .B [2(19.0.20.0.21.0) & C
K% (8.0.9.0.10.0) , LIS R &R (K) KA PR H
M B, 43 A A B.C M. FH Design-Expert
8. 0. 5b B sz mm 7 1 2 5, 45 11 45 PR 2R 2 JH) Y A
R A DL 3 PAT S B BOF4ME

1.3.8 R FI

BEIUA R ) _E AR WS T 08, 5
PRFUI AT B 2380 20. 0% (kA2 IR B0 22 whifk , LA
FEBERR AT pHT. 0 IR IR G 75 RS B 5 B A
s 7E 1500 rpm S5 F #5043 85 10,0 min, % I
FrAR RSS2, I L AR, e T A&
HB &,
1.3.9 SDS-PAGE 3k

W IBGE B pH7. 0 J pHO. 0 BUKAH |, F4H, %
Mrix & PEGI000 & #7 & R B, ¥ VR ¥ 4i, 10. 0
mmol/L Tris-HC1 (pH 8. 0) & it 25 A i, 5 x &
buffer ['FE, WRAEME 5. 0% , 4 B8 12. 5% , % T H
5522 R250 Yufh, yK O Fg- W EE B 4, 14
1.3.10 kg

SHMGIEN E UK AR R LRSI, T
SEAMAT WA GBS T 2 B, DAAR R 9 28 30K
AR 2 95 90 ol 6 B O 10 mm, GRS B 1
nm, JFHE B 200 ~ 1000 nm

DEEICTE I AL < FF IR St ok B LA 2 Ah ] D 43
FeE e i, PR EF ODgy =2. 0, A SPEIERCHH,
PR GR350 R 364 nm (475 nm J 502 nm,
PAETERE 10.0 mm 3 25 930K 1 nm,

2 WAER

2.1 PEGI000/ #7435 B& 8 X 7K 1846 E

PEG1000/ 715 FR #1 MUK A 22 ZeAH B an &l 1
/o T(Top)FRoR LA AL, 2 PEG1000 Jit #4344
B(Bottom ) F7R T AHALA, 0 #7168 TR 40 Jo & 43 05 B
2k TB SMER 2, HK 8 3 R UK AH W A 18] 41 il 22 52
IR/ FERCTT 2 (TCB) LA _E /Y IXBCH AR X, LA
TR AR, C il B A, ZEIm A C AR
FOA¥—A, WA R 22 5 K, B A SAE P AR Y 4y
Bio 2500 1, tigh = al 1, PEG1000/47 8 iR B0 XUk
AR 16 PEG1000 & 440K 3. 6% ~45.5%
m%@z’%ﬁﬂﬁ%ﬁ%&ﬁ 4.1% ~29.2% figIE ida e

T
g40

30

& 20 c

210 B

0+
04 8 121620212832

Postassium citrate(%)

1 PEG1000/ #7458 $0 X7k 48 {5 R 48 &
Fig. 1  Phase diagram of PEG1000/ potassium citrate ATPS
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Fig. 2 Effect of different quality PEG1000( A) and potassium citrate(B) on extraction of PPCs
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Fig. 3 Effect of different quality of PPCs on extraction
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Fig. 4 Effect of different pH on extraction of PPCs
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Fig. 6  Distribution behavior of PPCs in ATPS by UV-vis analysis

TE:A B.C.D 75 PEG1000 Ay ERIRHN (2 FH BT .pH;a b 75 b AR

Note:A,B,C and D showed PEG1000, potassium citrate , protein and pHja and b showed top and bottom phases
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Table 1  Analysis of reverse extraction condition of PPCs
/P AHEAR R S TAHEE R PENEEL &
Volume ratio of top/bottom phase(r) Distribution coefficient( K) Recovery of bottom phase( Yh% ) Yield( Y% )
1:1 0.15 86.6 74.2
2.3 0.35 72.0 61.9
1:2 0.40 70.0 60.2
1.3 0.49 65.0 55.9
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K1 SDS-PAGE FAERUK A HL PPCs 4fifF , 45
WK 7 Fion . A pHO. 0 44 F, X BUA & FAH
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350kD & 1000
[hre
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Fig. 7 Analysis of PPCs by SDS-PAGE(A) and fluorescent spectrometry(B)
7 : Lanel 2 Jii maker;Lane2,3 24 pH7 |- S F4H;Lane4 ,5 &y pH9. 5 |- ¢ F4H ; Lane6 “h4K H K

Notes ; Lane 1 was protein maker;Lane2 ,3 were top and bottom solution with pH7 ; Lane4 ,5 were top and bottom solution with pH9. 5 ;Lane 6 was pro-

tein mixture
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1570, pH i PPCs BUK A AE U235 1 B A 5 2k
WA 8 Fin . #BAEL B K. (1) Ei AT, AH

I C e 19% (W/W) | Coppn N 20% (W/
W) EE B2 B Ry 3. 42 mg/g, 715 pHI. 0,
BREAE ARG LA LA, K 4N
(29 60% ) 8876 T AH; (2) ¥ LAHE WS F R
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Fig. 8 Scheme of pH-controlled extraction and separation of pigment-protein complexes by ATPS
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