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RIMAZERE NEXINEHAE SARLH2)EE
(BT R kR 0p=A
FEE MER U BEE
(R RE EYTRSHEARR  tmid HIT 361021)

& E: (86 ] LR T8 mEA (APB A AL ASKRLH) T X T FE(Can At
W id 3 F b £ F Az, [k ] it — R B(DPA)IF 4] Car A M09 7 = A E R4m ) 134K20
FRAFAR & Car 89 LH2 (LC-LH2); KA TLC #= HPLC 7%\ 3 #f APB ¥ 4| &5 M (SE). 3k
41 55 (RP) A L K EA(OK) 3 #F Car; £4 0.1%+ kA= F A 84L4(LDAO)4) 10 mmol/L
Tris-HCl (pH 8.0)% 7 & ¥ KA AL 5 M H ik A X 34 Car 5 LC-LH2 4R Sh4, RAFIR
ik, g AR AR AR LH2 78 MG s, [4R]) #4693 54 % Car
#9 LH2 ¥, SE#:K K 64.7%. X 3APEIKE. BRI AR 49 Car ¥ fe 5 XA 4
Hk SE #9 LH2 AR5, Car LR F 415 24.0%29.4%=Z ], H+F SE #= OK #9401 % 5 T RP.
53554k Car LH2 F/8A SE W% —3, T4 Car /£ LH2 T ZIEB ARG @M E.
LH2 % €41 Car 2| @@ @B T % Z BCh) Mt T H B X FE G FH KGR AFIRK A
SE-LH2>RP-LH2>0OK-LH2, 5 Car 3:#i4k 2 K 89X 2 —3, ML Car A K NEAH R 6%
%. [4£) E4%e9 LH2 ¥ Car XA F @M EEHMAEO LS, Car HIKEAN R AT Fod
% LH2 ¥ Car-BChl 4 #8X 49 T £ W%, ™ Car 69K EFALME R a0,
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Reconstitution of carotenoids into peripheral light
harvesting complex 2 of Rhodobacter azotoformans in vitro
and its effects on energy transfer
YUE Hui-Ying ZHAO Chun-Gui® LIKai YANG Su-Ping’
(Department of Bioengineering and Biotechnology, Huagiao University, Xiamen, Fujian 361021, China)

Abstract: [Objective] To explore the relationships between carotenoid (Car) structure and energy
transfer efficiency in peripheral light-harvesting complex 2 (LH2) from anoxygenic phototrophic
bacteria (APB). [Methods] Partially carotenoid-deficient LH2 (LC-LH2) was obtained from
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Rhodobacter azotoformans 134K20 by diphenylamine (DPA) inhibition. Three Cars including
spheroidene (SE), rhodopin (RP) and okenone (OK) were obtained from three species of APB by thin
layer chromatography and high performance liquid chromatography. The reconstitutions of different
Cars into LC-LH2 were performed by using ultrasonic procedures in 10 mmol/L Tris-HCI buffer, pH
8.0, containing 0.1% LDAO. The structure and function of reconstituted LH2 (N-LH2) were studied by
using UV-VIS spectra, Raman spectra and fluorescence spectroscopy. [Results] The deficiency of SE
in LC-LH2 was about 64.7%. Three Cars with different conjugation length, substituent and polarity
could be reconstituted into the partially SE-deficient LC-LH2, and the reconstitution efficiency was in
the range from 24.0% to 29.4%, and the reconstitution efficiencies of SE and OK were higher than that
of RP. Compared to the intrinsic planner conformation of SE in LC-LH2, the incorporated Cars also
adopted a planner conformation in N-LH2. The Car to bacteriochlorophyll (BChl) energy transfer
efficiency in different N-LH2 changed in the order of SE-LH2>RP-LH2>0OK-LH2. The energy transfer
efficiency in N-LH2 had a negative correlation with the conjugated length of Cars, whereas
independent of the polarity of Cars. [Conclusion] In N-LH2, Cars bind to the apoproteins with a
planner conformation, the conjugated length of Cars still plays a dominant role in controlling the Car to
BChl energy transfer efficiency; however, the substituent and polarity of Cars have negligible effects
on energy transfer efficiency.

Keywords: Rhodobacter azotoformans, Carotenoid, Peripheral light harvesting complex, Energy
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W, AT EHATIRAMIGE

R L 40 B (Rhodobacter azotoformans, Rba.
azotoformans)Re A G T X RIG 24, AURBIA R
ISR, KRR CIRIR A S5 T LH2 b Car
153 95% AL WERIEAR, JE Tt , ASGR] Rba.
azotoformans 134K20 R AAEL, RIS T F25—
Ffr Car 1Y LH2, il AERE SR TP il — Al (DPA),
AT T B Car B LH2, KR E 3 Fh APB HY
HARRIILE B | A R IR 3 F Car 4351
5EREB S Car 19 LH2 AL, 4347 T Car (41534 |
G K 3 il Car XA LH2 RERALHEACRI R
M, XA TR~ Car FEIGREAG B4l A A
PPC PB4 W AL A B S H M E,

1 RS HE
1.1 ##l

111 E#k: FERA YN (Rhodobacter azotoformans)
134K20 . V8 & 20 & P8 il & (Rhodopseudomonas
palustris, 465 Rps. palustris) CQV97 IS (O
(Marichromatium sp.) 283-1, GenBank % 5543
& EU883587., EU882154 ll EU057602, ALY
1.1.2 EZEEMKF: UV-3200PCS 4T W53
JEEEETT, MAPADA 24 F 5 5417R H im0,
Eppendorf A F]; JY92-1 #A MAiAL, T
2R Al s AKTA purifier 100 H 317E FAZIR
4ifkf¥, GE Healthcare; InVia F:RMERZ 0L,
Renishow; FLS920 FaASBEAZE(L, Edinburgh,
DPA (Z7 M%), srtral, W i iR A iR
Al; LDAO (T itk —H LA ALY)), AT Fluka
/N\F]; DEAE-52 (DEAE-£14E% 52). Tris (CHHE
FERLE)IT Whatman AR ; HEEL, AE. R
@rgkat, X A E 2R R AL,
1.2 EFEFEFEY

134K20 H1 CQV97 T& ¥k i1 45 77 R H ol LY
Ormerod K575 5 DL 2.46 o/ ZREMERE, A
TEA3 00 1.0 /L 25 Z AN (134K 20)F1 1.32 /L Bk

(CQVI97),283-1 BPRIYEE TR FH 55 (4B 20 e Lk
FEEREFEIE BRI 3 000 1x, 30 °C,
1.3 EPE NREIHIF

AR5 TLC iU VR HPLC! 43 i 134K20
CQV97 F1283-1 Halifb k15 1 ERIE M (Spheroidene,
SE). ¥4I 4 (Rhodopin, RP)F1H i (Okenone,
OK) 3 Fift Cart!*!®
1.4 ER5ERS Car LH2 # %%

DL R, e 5.0 mmol/L DPA il 853
SRIG TSI R SR Herh, (EHZ9R I 100 pmol/L,
[l Hsf LA B A I 422 1.0%48F 134K 20 R
J&, F3000 Ix, 30 °C Z4F FCIIREAREFE 7 do
LH2 (4 B alifb R B IR 2 5 R e 4 A s 7
AR ERTEN, W 2 BT VR BRE &R Rk
i,

1.5 Car 58RK#8% Car LH2 BY4H3%

Car FIHRIHR S Car LH2 (LC-LH2)F)2H %5 2 18
SCHRLTT-12D0FRIVEE R F AT, B mL ODgso
2974 1.0 9 LC-LH2 ¥, LA 50 pL Car SR,
fEHARE T LC-LH2 ¥R, PR R R
I, ORISR R, IRE AR KA T
FALHEL 10 min, 8 000 xg 50> 10 min, %2 2H 254
RIRBOLRE . PRI BER Sk, [Flf3E
LRI IR

Z: B SCHR [20-2115R 9SG0 G 1 75 sl
JE Car 385 [ OGS R 860 nm, 44
BR GRS, FH 480 nm (Car)Fl 590 nm (BChl)ifk &t
T3 1Y U AE (Luso/ Iso0) F 7~ ELA RE AL 16 16 M Car
B o, DAEPA R LH2 Car &0 100%, HE4
% LH2 (N-LH2)#1 LC-LH2 ' Car AIX%f {5 H, N-LH2
1 LC-LH2 H Car X & & 2E(H, RIM Car 4L
1.6 Car-BChl BEEFIBYEITH

S5 SCHR[22]38 5 B 28 3 2 bR IR A h
K5 LH2 2561 Car, Wl B4 LH2 WISOGEIEFIZE
G, B ODsso 294 0.6 19 LH2 FY5E G kOGS
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FOEETE BChl Qx Ml 590 nm 4bIH—, >k
Fil Cogdell Z4fi% LH2 f Car %] BChl BE B L1854
REITES A Car 3 ANMRAEIEIR OGS RIS R O
TSR LA, 3X 3 AN L E AP EE RIS LH2 g
2R 2% Car 3] BChl U RHEBRRUR
1.7 FiEMzE

0.1% LDAO. pH 8.0 fJ 10 mmol/L Tris-HCI Z&
PRI LH2 PRIBOETE SRRSO G e
ORI . WIBOEIEINE . (YRS 1 em A
JeHEdR, FERAMT LR T T R A
LR ARSI . B ODgso 920 1.0 1 LH2 F
AR, B TEYSYENE T, AR,
WL AL T WAL HOOEIE R Nd:YAG BOEAR,
JEMA 2 400 L/min, RS 532 nm, Hithd)
50 mW, fiiff] S0%IM & IhH, KN Lem ', K
WEN 1 em ', SRAIEAMETE CCD #RIMI%, 4
JUREITE 855-1 993 cm ', BRERTEN 10s, EFUK
Bl 3. 9GHICIERIIE . B ODsso Z9°8 0.6
) LH2 %0 T6R 1 em 26 LGRSk 6
RHHEHLEYI N 5.0 nm, L 860 nm A HHE K,
EEE v Sl
2 ZRG5HH
2.1 HREKERS Car LH2 H&

SN ARAS NG 100 pmol/L DPA J535HY
134K20 4y Bsaiifh LH2, Bl 40 LH2 e
JHHRE 2 ODgso 29709 0.5, M R IBOERE , WniE 1 FTR .
iX 2 Fft LH2 1 BChl 800 nm F1 850 nm Qy 4 . 590 nm
Qx 7 L K 374 nm Soret A7 REBEA WA HA 19421,
FWI3X 2 Fl LH2 ¥ bS5k 53 9 LH2, 73 DPA
SRS, glifbr) LH2 738AEA B 1Y Car FEAEMIK
U, ROV B R RRAIC, FBHR AR LH2 f Car &
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22 EPE MEIHE
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Figure 1 Absorption spectra of 2 types of purified LH2
Note: CK: The LH2 purified from strain 134K20 supplied without
DPA; LC-LH2: The LH2 purified from strain 134K20 supplied
with 100 umol/L DPA.
BLGEROK)!* ) 53 3 Fh Car FLHEXGEEH (V)
g3m 10, 11 F 12, BURHES3 5] 5—OCH; (SE).
—OH (RP), I AI-C=0 (OK), it =2 A
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(OK) 3 F Car R ICIETE(A2 . B2, C2)F1 HPLC 43
Mrasi(A3, B3, C3), SE FHiFIENIT 345, 430,
452 1 483 nm &b, RP FHIEIEN T 360, 447, 473
#1502 nm &b, OK FHEWE( T 309, 377, 457, 483
A1 511 nm &b, 5 3CHRHRIE[17-18,25]4HW) & - HPLC
ST, X 3 B Car BRI AT, RIIHI&SH
3 F Car 4iEHE
2.3 Car 5 LC-LH2 #y4E%E

ftiE LC-LH2 WA Car WHIEHN, Car
[X 400-550 nm RIS, BRIMZESS 5 K
i, Car FRAFMCICIASR AN ARSI, FRIAL1%E
R EN A, ik 3 fiR. Car X,
FEAREULH] Car 5824555 LH2 FIEHESS SO,
A RERAFAER TR R AL IR P ZS A48 Car™,
Bt #F—2 R PRGBS T E4 LH2
o B BB IR PR Car POZH2ES, R LER 1,
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Figure 2 Profiles of pigment fingerprints on TLC from 134K20, CQV97 and 283-1 (A1, B1, C1), absorption spectra
(A2, B2, C2) and HPCL analysis (A3, B3, C3) of SE, RP and OK

L CK 5 | SE 5 L RP T 5
09 r 4 3 1 4 3 4
s 3 L 3 L 3
(]
2 06 | T 2 F 2 - 2
£ 1 1 !
2
£ 03 f / 4
00 1 1 1 1 1 1 1 1 1
400 600 800 400 600 800 400 600 800 400 600 800

Wavelength (nm)

B3 SE. RP #1 OK 5 LC-LH2 (A% i3 12 AR I F 1%
Figure 3 Absorption spectra of reconstruction between LC-LH2 and the Cars of SE, RP and OK
Note: CK: No Car added; 1-5: The total number of times Car added.

&1 LC-LH2 5 Car BENH
Table 1 Assemble analysis of LC-LH2 and different Cars

LH2 type Ligo/Is90 Car relative contents (%) Extent of Car incorporation (%)
WT 2.0£0.1 100.0 =
LC 0.7+0.04 35.3+4.2 -
SE 1.3+0.07 64.7£5.0 29.4+1.0
N-LH2 RP 1.2+0.06 59.3+5.1 24.0+2.0
OK 1.3+0.06 64.7+6.2 29.4+3.0

: WT: B3R R PR U N DPA $2HU8 LH2; LC: 3531 R BN 100 pmol/L DPA 421U LH2 ; N-LH2: 412§ Car [ LH2; Luso/Is0:

480 nm FI 590 nm FEOGRA GG EE HY LU,
Note: WT: The LH2 purified from strain 134K20 supplied without DPA; LC: The LH2 purified from strain 134K20 supplied with
100 pmol/L DPA; N-LH2: The LH2 incorporating different Cars; Iss0/Is00: the ratio of excitation peak at 480 nm versus 590 nm.
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Z3H 7RI DPA ALFH, LH2 v Car & B IAE, S5XR
LH2 #itb, Car (MK T 64.7%. SE. RP il OK 5
LC-LH2 43¢, BTN Z00 29.4% . 24.0%
F129.4%, Z5RF%M, Car GEMSLEER LH2 H, A
[l Car 4IEHAH —E MR,
2.4 4H¥%E LH2 MR SXIEST

OEEAE SR Car 2070 LU= SR A HE
ST, RS E 5T Bl LH2 2 &1k
i Car LML RALS, fERIET, 4
T Car FYFLARPLESEIE— M AT 700 4 DX 2
1520cm ' (vl #5X). 1160 cm ' (v2 X)), 1010 cm’™
(v3 HE)H1 950 em ' (v4 #L), ARAIIEET Car 43
T C=C HHERHI MRS . C-C SRR
3, C—CH; 25 iR sl A1 C—H #R3h™>%, 51 LH2
(] 4), H2EHNR Car 5, #H%% LH2 Hv2, v3
I va SRAL P hr 2 A B B AR, T vl Ak L

Intensity (a.u.)

mF, 1515 em™' (v1 K)FLE (55K W W AE 1L,
5 LC-LH2 H Car MiIF]; BEEZHZE Car HLHEKER
B, v RS AL 5 cm ', OK ZEBIRE KT
RP, FHAFER Car 43T C=C FmIh 2 ML,
X5 SRR A A, A 4125 LH2 7 956 cm ™!
(v4 XM P2 A B B A B 0 I (555 3 B Car
o C-H HEE— VL, JERECE TSy (4
AFE LC-LH2 I, MiAEEH IS, i FiX 2 Car
Bk R S 7 XG5 648 LH2 |, Blitk, 76 T
WFSEATE] Car XF2H2%E N-LH2 BE B AL RCR
A L) Z s Car T4 U5
2.5 N-LH2 gE2fE@BMES

2024 LH2 7F 590 nm Ab A —fb AL A SO L 1
MIFOEH A CREMIE 5 FrR . 288 Cogdell 75141
FTHE T 4% LH2 U Car 3] BChl FURER B 850CK,
413 LH2 (N-LH2) 5512 &85 Car LH2 (LC-LH2)H
Car AL BRI ZE (BRI N T4 Car RER LR

1200
Raman shift (cm=1)
4 %A% LH2 FAFTERLH LH2 BRI 8 ik
Figure 4 Resonance Raman spectra of LC-LH2 (CK) and the LC-LH2 with SE, RP and OK incorporated
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Figure 5 Analysis of Car-BChl energy transfer in LC-LH2 (CK) and the LC-LH2 with SE, RP and OK incorporated
Note: The fluorescence excitation spectra (2) were normalized to the absorption spectra (1) at the 590 nm.
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£2 LA FE Car B LH2 & Car 2| BChl Bk 75 e EF B MR

Table 2 Car to bacteriochlorophyll singlet-singlet energy-transfer efficiencies (ETE) in the LH2 with SE, RP and

OK incorporated

LH2 type Total ETE (%) Recombinant Car ETE (%) Single recombinant Car ETE (%)
WT 78.7+4.1 = =
LC 35.3+£2.3 - -
SE 59.1£2.0 23.843.2 0.8+0.05
N-LH2 RP 52.5+3.2 17.2£2.0 0.7+0.02
OK 50.1+2.1 14.8+1.3 0.5+0.03

M WT: BiFE R TR0 DPA $&HUY LH2; LC: Bi#E R N 100 pmol/L DPA $2H (1) LH2; N-LH2: #i%% Car 1] LH2: SE:

FRIESG; RP: HZ04h; OK. K.

Note: WT: The LH2 purified from strain 134K20 supplied without DPA; LC: The LH2 purified from strain 134K20 supplied
with 100 umol/L DPA; N-LH2: The LH2 incorporating different Cars; SE: Spheroidene; RP: Rhodopin; OK: Okenone.

R B Car BERAL AR S5 EA Car HX & RIY
FUfE, BPReafi 4] Car RERMGEERCR ., 4% LH2
W Car, HE4] Car ML AL Car fEREIGHRCE
3k 2 s, B8R EKW], 56 ER 5> Car LH2 AL,
T4 LH2 ' Car & THE, AR AL EERCR I
Fhim, A4H%E LH2 MR ELZE AR AR TR Bk
Car 1) LH2, HJFEHAJRER HF4H2% LH2 H Car &
AR TS Car LH2 1Y Caro T Car 77
HARF, Car 78 LH2 R RAZERCR A,
e, SR THAAL Car 5 5(1.0%)K [ H 2 Car fig
AGIEROR 4% LH2 T Car REELILEERCRH
= EMIRAIFFAK KA SE. RP fil OK, iX 3 Ff Car
LHIIAR R RN R IR R SE (1), RP (12)F1 OK
(13), Bk R BMR AT & RP (3% 5L 5E1T) . OK
(I SEHE A A SE (% B AT . H kT UL, Bl
FIHR R A, X 3 F Car BERALHPCRMIKIE
%, 3% 5 3CHRIRIERY LH2 1 Car 3| BChl fig &%
RS Car SRHK B R AHER s —E s
W THE, BERGIRACREAN RN, &
B Car BURIERI AR MR IR, X 5l A 338 4 R M
N, BERAE IR RCR T E S Car AR AR/ .

3 4
3.1 EROERSE Car LH2 0 Car B9{KIMZEEE
TERIMRMER Car M LH2 ¥4 k2% B i

FEGE S ER Car & HUNESEN "8l DPA i
Car A7 X B R R ARG Car KA LH2, H
RIBFFE e, )9 Car 7E4E R LH2 45HFa @ Pk 1E
FEANEH, (AFEAH] Car AT, —2EEbRCN
Allochromatium minutissimum®® | Ectothiorhodospira
haloalkallphila[27] . Chromatiurn vinosurn[gl%)f)ﬁﬁ'é@z
AR Car S48 LH2, 1989 4F, Hayashi Z5®I7E8555
Ferp s in DPA #llil| Chromatiurn vinosurn Car & 1,
AT Car B LH2, RATESIFF LMK H Rba.
sphaeroides 2.4.1 (B A=) SE 8 A %] Chromatiurn
vinosurn ) Car ¢ LH2 W, 43871 SE #5748 1k
LS RE AL BRI R R o AE T3 A —SE A (I
Rps. palustris I Rps. acidophilus)H, Hi3RFEFdsm
DPA #ii] Car &5, WIRHBINH T LH2 A&, A
SRTE X LE R AR T Car #B4MBL f LH2PY,
B BB HME Car RSP ZH B IX AR 36K Car
LH2 Wi . ABF5EiEE 100 pmol/L DPA )il
134K20 Btk Car 730%, 1327 Car #/rk LH2,
H Car FHRLHIER LH2 1 353%. % LH2 {55
B LH2 SR AT L AN AE O TS i — 2R T
PR A, Kok A AR E A SE. RP Al OK
3 Fh Car B FXFh Car #4rHE LH2 X 3 Fif
Car IR 24.0%-29.4% 2 8] . B 55 3 Car
585y Car LH2 HAM T, RV T
3 Ff Car fEHEZ LH2 HURERLIESCR
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3.2 EH Car RITBEEEIBN RN

AW ERM, LH2 H Car R 50 F N
Car-BChl fig (524 6%, 18 LH2 th Car 2
PV I G ) e A i R, M B i 5
AP AZ IR AR . 3X—&518 T2k F 7 T SE 5 E
e (1) EH TAREKPRLE Car i 48X L5
(95%) LH2 [ ELE ., 4N, Rba. sphaeroides LH2 H1
Car I EAFTHASS, T Chromatium vinosum
F1 Rps. palustris LH2 " Car S2EHLIIFSE, BIE A
At 12 1 R (75%-100%)2 ] W8 TR
(30%—60%)"*), (2) 3K H FHi— Car BRSNEL LH2
L% . 40, Hayashi 25 P05k B T Rba.
sphaeroides 1) SE 4% F|k H T Chromatium
vinosum {9 Car % LH2 W, 5 Rba. sphaeroides LH2
1 Car 2R AR AN, E AL SE 7E Chromatium
vinosum LH2 I N5, —F AL, iXFl SE
M LH2 REEAZIB SR WL, A5 RI
Car #B/38J% LC-LH2 1, A (1 SE (Car)2 V- THIH
%, SE. RP Ml OK 3 g4y LH2 v, SLHMYX 3
il Car W 2B AP RIS . XRS5 R
5 3CHkRaE—2Y, WEMIR LH2 e,
BAFIE Car WL BARN] . %F3ixX 3 Fi Car 15
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