a4 3B & 2017H F£62% ¥ 16H: 1699 ~ 1713 é-\(q:*jr%) SRl
SCIENCE CHINA PRESS

FAERE B O RS R 5 ThE

EXRYW RSN AR RS AT

1. RER2EEGR GRS, A 264003,

2. BRRFEAERL, MG 264025

3. PEERERL K, JL3T 100049

T [ 4 DTk

* BER N, E-mail: cpra_yic@sina.com

2016-12-26 Wi, 2017-03-13 1411, 2017-03-13 457, 2017-05-02 M4 itk 3

rh R 2 B R IR 5 T 28R (STS 4 (K FFEW-STS-074) . 1 [EIRF25 b 5 B 56 5: B39 (B 24)(XDB03030100) . [ 5 [ SRRl 5k 4 5 K I
H (41190081) F1* £ =4l BR5E (TPE)” [l bt %% By

WE  UEFEFARNEEEZG=REAM, AART I EBMERNEE T 2o TEAMNEEE A = REMH K
FoHFEW = BEOEHY K15 nm, K% H15 nmeiy SR Bk, 5@ 7E S8 F B MEAXA & R IR R
Z| W RAAPCZ RUK M B AR B MR+ + o8, BRMEFOCR A LT, BOLREME — et Madk
EAREEER A ZREWERARAAT TS, RE T B FpHIE E A oy % 50k X (190~250 nm)Fe ¥ 1Lk X
(450~750 nm) [ — € 1% £ 4E, BT EAOLIRE Z B AT, R Ta e EAR R EE A = RIK-REM N £
BARF TUAREA_EERT AN EEEZO " RETPFERERERZHRT /X, UABEENURT R
BHATHREFRRET IR AXERE—FIEE, SRAAHNEERA = RAEMLER, ERELAANREZA ZRK

A IE o A B 1R T e

Ketinl

KPHRE S fe F & M FRLLRETR. A TTAE IR, K
H R — BB TIF R M fbak ary . 28 b Al
WA RS S5 EER. fatic T Emstte, s
FIEL 3 v A i TE R 1R A (B 3 LA ) 2 P R 2 B 1Y
K PHREH A R Z —. BENRAK 2l A% 03 43 Fn b
JRER A3 2R, e RO AR A A5 A I % 5 2 1 (L em),
] % W 4K 11 B(allophycocyanin-B, AP-B) } i # i
H (allophycocyanin, APC), 41l #l 73 W4 4% % ik 2
(phycocyanin, PC) 13 21 % 14 (phycoerythrin, PE)%5(Y.
APC = SRR Sy 3 IR A% 1) 3 22 41 0 4 A o %
EHEA DI RE AT, 7E B IH A R i 1% 5 ) B rp R 2R
FETFER, Rt mm g, EEIOLE
ER AL TR BB E. BIRAPC, PC, PEFSI

EAREEEZ A ZRE, BTHEX, RAOLE, FTOORE, B, wERE%

2 J8] FAFAE K 29 25%~30%17) 7 51 — 3ok, (B2 A
() = L5 R BE AR L, (H7E AR R, MIXEFPC
HMIPE, APCIY & iHEH /b, ok B T XS k22058
S5 T BB B RS 1Y = A R ER, B
T AN YR T B A K SR APC = SR A 110 45 g 4 5 14,
%} Synechocystis sp. PCC 6803 Hi, 1~ i {55 1 32 Wi 8¢
R T IRAAPC=RAK S F I ZS M Ay . 5 Z mipr
W2 5] f H A o 24 5 FEAPC = BRAR AR, 45 H K
—AN2512 nmEHI A3 nmiEfl, I HA — 123 nmE
P b AL S SR g A L R SIIe R, 1
APC—=RARNHR, At nl GeJ& L) Forsterfig i L4
B AR g 44 1 o PCBO* & 326 51 11 b 32 14 i) pPCB®.
EJ2, S AR SR T RUBE 9 78 o0 WE R APC = AR 1
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SR TR, —LPCBE = X BB TR T
R B4, Wil k34 ALL LAY PCB L K Xt
Z (6] ] RE 2398 AR A - R AR B AR . PRIk, RS
() A A R RN VE R B8 4K Y Forster fig 1 A ik
1% 328 B T b AF G AN RE L B B, AR B H] OR fi R
APCIN I 4 B 1% 13 1450, i g #0 4 F QR 4 st ]
B A KA LR Y2 LB S R W, APC=
RIKMB 73T AT, ST RIRERTE CRPET[H]
OB |, DUA AHMELLE AR AR, fEaEN Z 21K
Bl £ 3R 14 13190,

20104F, LiuZs A UL ok J5 T Synechocystis sp.
PCC 6803l Ak, BIVHEMY K FEMR . (A 575
FUEEAS APCIA A= W) 5 BGE 1% 6 A B K FF 1 Hh 3Rk
AT T R EE ATV LA A NAR i 21 2 R A 2 1Y) B R 2
5135 % £ A (recombinant allophycocyanin, rAPC) =
A, JF 5 't 7 H8 DL R K il 22 ik 1 v 280 A
6,15 (high performance liquid chromatography, HPLC)
SIATHEN, 38 R AT R R A B R rAPC = SRR
A 5 R IR APC = JAR 25 4P A B0 Ay 38 IR 28 11 s )
L4, X IR TE R AT AN ELAPC o fIBIEHETF H
4 2 UEAT KR APCEE F R PE FDGIE 22 R vE = R 4K
M RARGE, Sk — A B IR T s — 2,
{H2 T EA RS APC = AR Mk, A REXT H 4544
BEATUR A G HT. 201445, Peng A\ PRIE TR I8 T
Synechocystis sp. PCC 68034 3t [H 5 41 51l 3% 1% 25 1
B(AP-B) =R {k1.75 AR{AZEH. AP-BHIAPCHR . T
PR B AZ 038, AP-BJE 3 IHAAR 1Y BB 12 2 iy & 5
Az —, W3R L aE e &AL b 45 6 s v ot . AP-B
5 APCZS ¥4 FZH B A3 AR RL, PfE— A ] 1Y 2 AP-BH?
M alE FApc A AR FH Apc DR, T Apc D%
H LI IPCB, T EUAP-BY I R 2 1 45 1 21
B, 3N rAPCHY 25k figt AT Bk T R4 1 3.

KIRAPC = FRARFE & 1Y 8 11 R0 (8 5L 45 4 B iE
P18 2 AT 25 B AE W D) g i Bl RS Y I A
FEGEREW], BAKMEAEN Ty . i S U X 4y
EHREHNRE ZREE, MR E M E B A5
e T LR FTIRE Y IE AR, [ a3 (circular
dichroism, CD)7: 0] LAWFFE AR A5 F 85 i 9 45
AR A, Refg it — DRV B 450 R T Y 2 R
TE 25 1 BT 45 A0 Ao 1 Hh & #E 1VE . 19844F: Csatorday
25 NP0 5 i B A 15 B R SR APC = R A (1 CD i 1
JE AL G PR IE A R S 67 06 Y 2 S S, S IR

1700

SRS T o 2L A L), Csatorday 7 ) 77 4858 B 1Y
% - 18 A A BAE 2 3 il 2 42 APC = AR CD ity 1
JL R, 19904F, Holzwarth&s A MRS 8 110
APC=R{KCDIEMH, H N A FR N B 3 7 Pl
il 55 55 F A A PR DAY 1 fRE B - (H B A B A FH AT BE (W) s 7
APC=RIAP1EAE. 21122 %), Maccoll™ il Eisele’
U2 3 5o CD 45 i Bt 1 57 1B i APCHA BE
fEib AL, il CD YT~ 1 7 T S W SR rAPC = R {45
M WHRMERZ MR, AR AR Z [
HAERU K RGBT Bz —.

1 M 19864F Binnig&: A PI7E 714 % 18 . S8 11
Fefih bW T ¥ 7 W 405 (atomic force microscopy,
AFM), ARMAR ML T A58 = WIbn A ) Bk 4. BT hg
W R AL e L R M R, EEA ST R
5. 2D R A AR FIE 40 M 55 AR ) R G 4l K 4y
PR = YE MG, [ R AT DLW SR 25 S H 1) A A
BCH TEK WO AT A, AR AE AR N Y
BEd, ARMBE 72 F T DTS 41 i 51 204~ A ) K 4 F
FRIRR S B L AR AR A BP9 1428 ST ARk, AFMAL
E A AT DUAE M W58 0 A U F o T4 A AR,
I AFM B A X 55 240 B v S5 0 00 1) D' 5 TS 445 4
TS B A B 2 aE M, B E 0 T 1T
SEMEE . Livgs A8 Zhao N84 FIARM XS 485k
# Porphyridium cruentum() )t & JIE 8 4 7 45 49 47
5T, FHHARMAL AT LR 40 Ar 4100 e i B 1 — 2%
A ) 5 K R ) RE B2 1Ak Tl B L8 i 4

ARSCE X B =B B APC =34k, i
HOE 5y FrAPC=RAK, #H17— RFIAFMIULI; 44
J& PRl CDWE . P EiE MG, 455 pHA %
[ rAPC = 5 {1 — 2 45 ¥4 5l 5 ¥4 G2 o0 2% FN 3 o IH 3%
(phycocyanobilin, PCB) {3 ()75 [Al ) 42 A8 4k, Xt Hofe
VS B R R RDG IS R AT TS, W24
£ X rAPC = R 1Y 1E i 41 2% P8 47 40 B 38 B HIE,
[R] B4 2 56 FrAPC= RIS E S, Wit T =%
A e P o R R ST B I R (Tyr) 3R 3k 5 (3L i A B
YE X rAPC = AR S ik 52 m ;e , il ad 43
HrrAPC = RAKCDE K, XFHH A RE AL 1 ik 1%
AT THRVE, b C B 0 K SR APCRE & 1% 18 B Y £
M — 2R,

1 eSSk
(i) rAPC=BRIRMH 4.
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TRAE R AT R P9 A BN 2H 3% | i alif k5 R
SCHR[7,20]. B 20K ) 0 B 1 o0 3 I Al O 2R 1 3
PR 5 3 I 2% A 4 3R X ho LR pey AT [ 31 — > 36
IRARAAR R L ROKS ) AR ) BV 3R 5 A R B P R
o 3 504 Tl KL [H cpeSHTepeU 7 [ 21 59 — A Ak I,
B WA FE IR ERAR R I 5L AL K AT B, Ok s [R)is eak
AR E R TR, BT RE R 100 ul 3570 15 mL ik
LB F 3k, 37°CREFHEF12 h, SRJ5 4T %200 mL
WARLBES FRILM = MR, 37°CREZGRIFR4 h. FRIRIA
UL 2% E AT 427, 765 LA h &k BERE P AT R B
FIT A R e L, IRAS TR AR UYE, SR )5 44 B A T pH
TABE R 2% vh RO AR B K80 gty Eb 151145 b 1A 1
AR A B 20 min, 15000xg 5.0, WO BT,
EREFNIPEMGRERE, 0B aifk, P e
Tt TRk BP Al AR S e A AR . R KRR R 4l
JK L 5 0.6, 0.8, 1.OFIL5 mol L™k Az ik,
SRIGAE12 mLZS A RE T 1145 vh bl fe EBE 6 B, IR
BRI mLAE R EHAPC=RIKE LA, 4°C,
190000xg, 5.0>19 h. B0 5 BT ffrAPCSkAtr, bt
PO, WS RN ApPH 7.08950 mmol LM R 4l 2%
i, 2230 KD Palli 8 25005 Bk 25 i Vi B 1 TR bE,
A W v ) B SRR

(ii) rAPC=RIK¥/TAFMELE. FEpH 7.0
50 mmol L7'BEARENZE sl A mAIAPC= Rk
(R BEZ) 010 ug mL™ BL2 pLkE SR SR T
=t RMEZ R, WA T st &mA
AR BB, v E Rl SRR R, =
B F 0 [ 2 7E B 21 emiy R 8265 S H B JF
FMultiMode VI %! 3= £ 45 Al Nanoscope V&I % il #%
(Veeco Metrology Group, % [E)kESL G E, HH3EH
= B A AV A B 5 41 (Veeco Probes, 26 ), v
ScanAsyst-air 45 15 155 X 38 7 A [R) 54 K A £ o B
RPEFTMER.

(i) rAPC = R IRTE FH IS A IS % 1 Jo I
FHLS55%¢ 553 6 i 11 (PerkinElmer, 36 ) 78 = if
ORI 3 P 2] APC = R AR I O i, R AR
JE40.01 mg mL™, J6#21 cm; K TU-1900%8 4h-1f
DAy FEFERE T (AT AR 2w, v )RS i i
JehE T FEI400~750 nm, F P4 2 mg mL
41 em, K1 nm; FHJ1800F — 4% Y (JASCO
Corporation, H ZA)#: il CDYG1%, S64£0.1 cm; fdi
origin#k {4 i Gauss/A 2 X 9 it & B e A A i E

7T RE.

(iv) pHZE L5 2L K 4L APC= B IA G 1E A8 b iy
MM, K01 mol L'MYHCLE;0.1 mol L™tAY
NaOH A ¥ 18 750.2 mmol L~ Bk A — 4858 rhi 1 pH,
ZHANNA PH21185 PR THHANNA, AR,
e ] AN [ pH Y 2 . KV 46 I 1) 4 APC — 3R 1K
FHAFRE pH 4 28 h 5 R T 22 4 L 2496 0.2 mg mL ™Y,
WHETR A5 B E 10 min, 435 F F W 3% A1 CD %
R 5 .

2 g5

2.1 rAPC=EMAMHIFS

T A5 F Al v Y AL APC = R AR, 2t 4
Ja& LTS AR 4 B RO g s O S R A S, R
RV R B M B O, BRRARRE A B AR
H AN RE JE 0T 245 6 il — R AR 2 R i 50 J2& Lot
SR I, MEL@FTR, i BEREOE, A
W FE WA, MEMSAE ARG ERES
PR, XA T REE M I PCB Ik, EE LA BT
A — AR BEBR E ( 4H (17 L), 17 1°0.6~0.8 mol L™
THEARE R B A A8 A, BRI AR B B 4 R,
N7 Ay fifk 15 1Y) B 2 APCIE 5 o R4 B3 6 0 TR 1Y) T £
St R AR HE 434 T F 770.8~1.0 mol L' REH
b BEAS FL I (15 2), U Ak B 4 FRECK,
IE I A A APC = BRI 457 . A8 BIURE I [k 25 18
WEIG, G50 -0 WO TS (K1 1(b)).  EJEHE A
1593 i B 16 7E 615~620 nmiOGigiE &, 5APC= %
R ol 3, BV I L K R i ik K — 3. TR s A
o i AR ) = B AR G IR i 3 KT, Aeso Ae20=0.79:
0.587=1.346, #:iL T /= 4l g KRAPC = R {£1.3~1.5
IG5 S OREHE 200 FE S 54T SDS-PAGEfIl % Th 17 52 1
et (1 1(0)). ikl L i R B 0 itk — A ali Ak i —
RARFESIA T HABZRE A4, AT EM 2 T
15 4l 4 APC = B8 44

2.2 rAPC=RK My 1-AFM HEAE

WITAFMEIE T =1 H 3K LAY rAPC= Rk kE
S, 83 T1 mmx1 mm, 500 nmx500 nm, 200 nmx
200 nm 3/ 414 1 A PN AS (] 2 R 1) A LA B Az
B, sralinE2@mMmd). E2(b)Fie). E2(c)F(f)
FiR.
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-g .-' Fiiis li |
S i ' I.'f i “i II -
2 A e an 17= -p
P I
0.2 T | ‘: ?\ {
e il -
D R S kD
O-C T d_I'/_ v T v L - " T — T v T
400 450 500 550 600 650 700 750 M1
Wavelength (nm)
(a) (b) (c)

Bl 1 (MR ) APC= RIS M ORI Z R @) EEATEE OO T2 EH Ik E ()

Figure1l (Color online) Layered density gradient centrifugation of recombinant APC trimer (a), absorbance spectrum of up layer and low layer (b),
and electrophoresis images of the low layer protein (c)

. e = o ; z ; 1 1:Height
20 iHeight () 1.0 0.0 TiHeight (1) 5026 nff] ©

. : A 2 (e)
1.0 / b

10 20 30 40 50 &0 70 it

B2 (MR 1 pmx1 um ((@) and (d)), 500 nmx500 nm ((b) and (€)), 200 nmx200 nm ((c) and (f)) & Hei ghtZ I 4347
Figure2 (Color online) Height image on an area and analysis of 1 umx1 pm ((a) and (d)), 500 nmx500 nm ((b) and (€)), 200 nmx200 nm ((c) and (f))
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Je R BE Ak R, 2 i R R A TG 8 e A HUIT
TN —A R AT RE R TR A B AR, 8T &
F T SRAE LG AR Sk BCH: v i 34N Uk kA 7
) N = W 6 0 T S e SN S ed (o) v A1
[0, 1, 2 3NANIA] I B B B LAY S 2 1.5 nmy;
B 42435 40.016, 0.016410.018 um. 5B A i 1)
A 1k 37 B EL - o A X A AT B R T £ g [
R GE M APC= A R AL, 3 2 0k o 1%
F3nm, MEZAKF12 nm.

AR XX RFE A 34 s AE500 nmx500 nm4
T AR R AT T EORE A, an i 2(b) A (e) T
P 2(b) AT LA B 08 B 1 B A7 7 A /INORE . 8 RO
AR A T = 4 RS I, A o BT T Al R AL
K2(e). T, 1, 2 34 5 B =B RL R 1Y v
JEAL 229 15 nm; B AT R B4R 4 51 Ok 14.021,
15.04471116.311 nm. #3315 b 3B 5256 AH ALK 25

LSRR T R ORI LA APC = SR i kL 1 7
7200 nmx200 nmd4=1 4 T FR A4 5K 40 I 4 (18 2(c) Fil
(F). E2(HZM, BB ORI IR BURLIE B 2 BF Fr
FR S EWIEA N5 nm; BTH E AR5 58 15.334
F116.400 nm. [RIFESRAT T LR SEEGAH LA 45

PL b — R G AFM LI fIr 75 2] i) B0k, — 4 R
5 RIRAPC=JRARTESS IR 1Y 5 1A ik A 45 SR Fn
Zead g 0 )5 H T IO A B A 4 R AR — 3
Rl ) 2 o B L ) BURE AR RS B A 22 00 AN W

B TR = 4E RO AR — 2, 25 R AR B0 = 4E
LA, WL E] ) 24> FORL I 722 531 rAPC = R K
RART ST rAPC= R K 8l W I 7 = B - HIE
BT 2 T BONURL = 2 RO A7 7R Al 22 )
IR A

2.3 rAPC= RO i% M e i

W WAL 1 RN 56 Y 1 BE % B2 e r APC = S {4 P 35
A AL 3 B R PE . B SEXT rAPC = B AA (9 W O 1 ik
TR, SR 5% H300~700 nm #EF7 4k,
665 nmib 5 & HE, RIS 5EIE L, Fs
K600 nmi & KT R, SRR T & BTG
3 M OGS £ B, rAPCEL A 62041650 nmi />
Wbk % EFYE1EZRB, rAPCTE660 nmikf it K28 %
K G, [HAT7E640 nmikE —NJE g, R OEIE &
B rAPCTE620H1650 nmAb 47 I {H, X 5 KIRAPC— %
AR 7 F 33 ] e e A g 45 22230,

rAPC = AR F DN R GG S WOOGIEH E, JH
A7 E 11620 nmZLA% 2640 nm, i E A7 & #1650 nm
2IF% 2660 nm, 73 £0F% 17 10~20 nm. X2 T
& ] DLl PCB 0, 3k it 45 i3 I i Rk A R, HJ& ¢
&G IR H AR B R S M AW ERE, =
T MO TE BSOS A AR, X IR AR
FIRE B AL B DR 1Y L flh, 5 R SR B IR 2R 1 B4 A G A
5% 235 B b S A 14124,

650 nm 350
0.84 620 nm |
- Absorbance 660 nm [-300
—— Em 665 fluorescence
Ex 600 fluorescence 250
0.6- 8
+ c
e : 200 %
e 640 ni o
1] ‘ - =}
£ ] 54
5 0.4 150 2
2 s
P 2
Em=665 nm i -100
0.2- / o
‘/\’_\ D "
0.0 0

T T e e T
300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700

Wavelength (nm)

Bl 3 (PR () B 4 APC =R IR B SO IS o e R Bt e

Figure3 (Color online) Absorbance spectrum and fluorescence emission spectrum of the rAPC trimer
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2.4 pHJA7Hr APC = E ki fai%

TE£190~250 nmYic 5540t X ks & 32 Ak B 5
Zi Al 72 ) B X O = D e e 3 A B I P S N A
FE X — P K E A CDig . IR R 25 1 5l 22 BRAS [H]
() R 8RR = A A L WA 553 N ] B — R 371
FECDIEHT RENS 25 B 1 0 8 22 JIKBE — 5 M I e 4
58, 5/NF208 nmi K i X 8 A1 L, 208~240 nmff:
HPEFEIX I, oRBE . PITE . ML M SRR EE AL,
4 CD % iF AR % €0 A 0 4 1175 751 114 28 4k 817 S K i
T, A 0 T A X — i X 2 it e /N 12429 i
JE 45 44 32 5 (1) CD ik 2 30 67 20911222 nmih (1) T4
A, I H i —>215 nmAb i B Sk 20T, R s
FE192 nmih A — N IE g BT & 454 £ 5 1Y CDi R 3L
H7E216 nmAT —A4 i, 7£185~200 nmikAg —A4~IE
il (1) CD i 1 126271,

mME 4@, TEpH 74T, rAPCHISE/MEIX
CDii HA7 2091222 nmi4~filg, L K215 nmit iy
— ™ B S Bl TR A T B X 2 oM i T S Ay i
CDiE&, 11515 5 I rAPC = B & — 2 45 ¥ 1 2 545
511k 72.0%101 o B2 JiE . 0.0% I BT & . 0.0%M 55 £ .
28.0%I1) JC LI il , RMS:48.205.  H i i i X 5 2k
AT B A9 2 i 25 4 2 IH , APCIIE % i 97> o BZE (x-y -
a-b-e-f-f' -g-h) 3 AN B0 U] ) 35 ol 25 4 3 1, o 74>

60~
1 (@
50
40
30

20

10

6 (deg cm® dmol™")

=10

20

-30 T ™ r T T T J T T T L |
190 200 210 220 230 240 250
Wavelength (nm)

B4 pHA 7 %0 FEYrAPC=RIKLES X (F1 A WHEX (b) CDiE

o BZE (x-y-a-b-e-f-f -g-h) 2H il 5 BR 2 7 280 HoAth A 52
AHABL B3R B A S BRAR 5 4 3k, i oh R 4545 2 TN
AVt 16 PG A AT J ol e (x Ay ), Bt s 3R 245 44
S 2 A g BRI B G 2 45 A 2 20 A Mk e 20,
AN IX CDE 45 S5 H A i X 55 4R A A AT 545 21 1
SR EEYA.

FEPE K K F 450 nmiry l OB IX I, XF CDi i 3
BEHTEOR A A A, Al WG IX CDE i e il 2 (5 3
Aib TR 2 [ R R W SO . DS RE B AR Iy i AG:
9, T W W Y 3 PR L B ARy, A RE S R
R MAPC = AR RARAE. HuTC A iiE D,
L it B AR B 1 APC = R AR 1T L% X CD 2 A 45 5
AN TF 1625, 658 nm)FIH /> 171 14 (589, 645 nm) ik ZH &
A, REL T APC= R IKCDiE iy & 411029,

mMEA0)TR, FEpH 7545 T, rAPC=RIKK) AT
TG X CD% A8 77 7 40 A 15 S My, (HLJE 335 i
T3 BN 29660 nmibiFE g . 620 nmibfr
IEUEFI645 nmib i . 5 RKIRAPC = BRARFFIEIE (]
Y658 nmiFlg . 625 nmiFI§EF1643 nmfi gy B FAx
AHIA], 1 H.645 nmih iy gl R B R, 7E£9650 nmkk
JEIE UG AE 5, 5 T 4 APC = BRI SO Y ek
W WU 57 T ) — AN KAk . rAPC= BB 41T LS IX CD
T ST R AR 5 R IRAPC = AR IE A [F].

57 (v) n

0 (deg cm? dmol™)

— 7T T T T T 1T T 1
450 500 550 600 650 700 750
Wavelength (nm)

Figure4 CD spectrum of the rAPC trimer on UV range (a) and visible range (b) at pH 7
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it 3z

25 pHAELSrAPCERIEEEIMX CDIEA LA
etk

1£190~250 nmfit L 48 4 CDIEH % R 1E 2R (i
T EER R AR, TR TR pHIK) 2% vl Ab BErAPC = B
&, Kl L CDIE, #4459 2 pHAR {4t = 945 F4 5% i 7
.

KI5 MpH 2~1241F F 1 CDi, H4Kk195 nmik iy
IEWEFEPH N 2~3, 10~12/9 & FAER 1A 8, (H 21
PH HA~ORY 414, HIJ™ 5 AY 21 £ 200 nmkh - H %
EARME. BXJE PR, 24N XA WO X R R 5,
Fr il b BRACAIC, 7EMa i COSHEART, b T AR UE
ALK RS A H, KRR A I B R E R, B8
LHNE X AR I T4, R REIE A 28 195 nmAk Y
IRV b, e Hh 5 AR XY W L T A(E T
WAESE T LL_E A . 7 1 LA A BE 9% 375 I 2 % 1
2091222 nmAh 1 PR T A S A 30 o, MU B pH
2~1230 Bl A8 AL B VA TV rAPC = B A SR AR R A5 1 5

PRI STT L, MR pHIF 4R, 1 A 1R AR B 28 1k
Jr |2 i 2250 X CDik 1 22 AL AR AH L. 20941222 nm
Ak PR A 7005 P 24 XA AS W0/ )N, 2 BH o BB E 1) 5 1
U, FEpH M 7 2728 (Lt FE 2 pH M 73] 475 1k
i, CDIERYARfLITAS I fe, R EIrAPCHY 45 Hik

120 (@) pH7
14 eeee- H6
1004 °
o 1: ........ pH 5
s U U - pH 4
B0 — \‘.‘ pH3
a0~ i e
i " P!
(] ay
5 27 Ul
6 o\
E‘ - 1
& =20
40 -
-60 <
—80 -
_100_
e 1 s I & I B 1 = 1 e 1
190 200 210 220 230 240 250

Wavelength (nm)

B RER, BMHrAPC=BRIKLE K C 2T tE %5,
{2 VR ST 356 285 ) WA AR, o R E Y AR AL R K
pH M AZ] 3T 3T 20 s f vp, ARk i 3, RIAFE L
RAIpHAE T, rAPC= RAAK Y a8 HE T 1R /0. pHA
7in 127 i fE e, SRS AL, CDIg AR fk
SN Rk, {H 2 pH M 9~100k 75 it 1+ 7% Hh CD RS & F
T RIRAA, F W rAPC = B K A o B2 JiE 56 pH Y 14 Ain
T AT L

K L 28 M X CDE 45 SR % W, rAPC—= Rk 2
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Nature has been developing and optimizing photosynthesis hillions years, including green plants, algae, photosynthetic
bacteria and cyanobacteria. Phycobiliproteins system, as the phycobilisomes, in cyanobacteria and red algae is the one of
two major light-harvesting systems, after evolution in billions years. Allophycocyanin (APC) trimer is a primary
composition of phycabilisomes core for efficient lower-energy photons funneling pathway. In 2009, Liu et a. have firstly
assembled the highly soluble self-assembled recombinant APC trimer with N-terminus polyhistidine, which the entire
biosynthesis pathway of APC trimer was reconstituted in Escherichia coli strain with the full-length genes of apoprotein
o subunit and B subunit from Synechocystis sp. PCC 6803. The recombinant APC trimer was used to be the subject in
this research. An optimum protocol with immobilized metal-ion affinity chromatography with chelating transition metal
ion (Ni*") was used to purify the recombinant protein. Then, the second purification was performed to obtain APC trimer
with a higher purity (Aeso/As20=1.346), using density gradient centrifugation. Single molecules of recombinant APC
trimers were investigated with atomic force microscopy. Three-dimensional images with resolution at nanoscale
indicated that the recombinant alophycocyanin trimers were approximately 1.5 nm in short axis, and 15 nmin long axis,
which were in accordance with the sizes of natural alophycocyanin trimer measured by transmission electron
microscopy or X-ray crystallography. Moreover, the correct conformation of recombinant alophycocyanin trimer was
confirmed by fluorescence spectra (studied energy transfer ability), absorption spectra (studied the light-harvesting
ability), and circular dichroism (CD) spectra (studied changes of secondary structure and aggregation state). The CD
spectra of recombinant allophycocyanin induced by a wide range of pH were analyzed both at wavelengths in ultraviolet
range (190-250 nm) and visible range (450-750 nm). The a-helices were the dominant secondary structure in
recombinant allophycocyanin trimer by analysis of CD spectra in ultraviolet range, while the analysis of CD spectrain
visible range suggested the existence of exciton-coupled pairs of phycocyanobilins, in which the energy transfer was
mainly in the form of exciton splitting. By studying its spectra property variations in response to pH changes, we found
that recombinant APC trimer showed good absorbance and fluorescence stability at varying pH. The conformation of
chromophores in recombinant APC trimer was relatively stable, between the range of pH 4-9, which was revealed by the
stable absorption and fluorescence spectra properties of recombinant APC trimer. The trimeric structure of recombinant
APC was maintained while local variations of protein peptides were also shown in response to the environmental
disturbance. Beyond this pH range, secondary structure as well as overall conformation of recombinant APC dramatically
changed, and the energy absorption and transfer ability were also disrupted. This work demonstrated that correct function
in energy transfer was retained in the recombinant allophycocyanin trimer compared with nature allophycocyanin trimer.

recombinant allophycocyanin trimer, exciton-coupled pairs, absor ption spectrum, fluorescence spectrum, circular
dichroism spectra, conformational stability
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