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i E: [¥F] sMAHAEZEE LS 4K (peripheral light-harvesting complex, LH2) /& X &1F A F
PAT R KA B H B8, 2T R & B A 49 H (anoxygenic phototrophic bacteria, APB)#) &4 K
EZXEZ, £ APB ¥, LH2 #) of ZABF A $#E N pucBA A E %A, LLRZOEBENNEE
(Rhodopseudomonas) A #&, ¥ &34 5-7 # M. & F R F pucBA 2 E & m 49 % f 1 LH2 #0183
VA B AL, MKIRHIT LH2 M5 ey RAAR. [8 6] M@ B FaBEIeE A s L@
T LH2 RIAKFZ, AR Z EAREKRRERAFRINTN LH2 90 sidE . [5 5] vA 5 2F
PUCBA 2k B 431 &k %k #9 78 % 4048 % 2. H (Rhodopseudomonas palustris) CGA009 (ApucBA)# 75 £ 5 ,

R E FLL% %, vA pucBAd A= mrfp (4L & R A& & K ) A BE 2 & X =4 h e n 4847, kL&
WA EEBERBF T ihik; RALBENTETAA N AN T RARELLZWABFIE, AR
4 LH2 ¢ R4, Ao e i aotimie etz m. [£R] T7 23 F(Pr)f= T7 RNA R4&B
A EBAAE A, T1% pucBAd F= mrfp /£ ApucBA 78 @ ¥ & L. B3 T Poadre Ppoa F7 Pas Brdft
Pr7, BT EMMANEGENKIRK A Ppsar Pass Pragr A2 Pr7, 55 E4LH mrfp 2L E & 3i£A ¥ . pucBAd &
EFEHA-LH2)EREFASAEREEZEMXKE, T Pun BE THEGELH LH2 REKZ
ApucBA(pucBAd) & A 7E R 5. st ak B, L CGA009 H#k#) pucBAa 2 B (%45 a-LH2)% 3%
ApucBA(pucBAd) # #k 49 pucBAd 2 B, 3£1F ApucBA(pucBAa)E 1% . 4842 T ApucBA(pucBAa)®
LB, PKHET ApucBA(pUCBAD)Z L H A K R 2 F A5, SAHA A ZAY, EREZLF LR,
4469 d-LH2 #= a-LH2 43| 2 I3 A 49 B800-only A= B800-850 4F 4E 3%, d-LH2 /4 ~863 nm %
K= FREZHT a-LH2, 2R A LM E N Z 4 £ F | % (carotenoids, Car)3| @ "t % %
(bacteriochlorophylls, BChl)&#9 . fe4% i 2 F 2K T a-LH2, 2 LR R —H &) R ARG M- E"RFE
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JERF A LA LH2 4F~863 nm AFHRAe) £ 7. (48] MAEBFLRELRFH T4 LH2 £k
74, MAKBE % LH2 KPR EAE AEGAERKKFIFNT 2 H N pucBA RB AR T 2 47 RF) ik
Aoy LH2 f6 24505 M, R 7% 08 LH2 (d-LH2)Ae 244 378 1 & T A 64 LH2 (a-LH2), &
R A % # N pucBA @ AR KE B iTAZ P LH2 AL 69 o T RS 69 2 mBEAF L2 7 ek,
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Expression system construction and activity evaluation of
reconstituted LH2 of Rhodopseudomonas palustris

HUANG Xiaoping, LUO Jiafu, LIN Ruoxin, ZHAO Chungui, YANG Suping”

Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen 361021, Fujian, China

Abstract: [Background] The peripheral light-harvesting complex (LH2) performs the function
of light energy capture and transfer in photosynthesis and is essential for the phototrophic
growth of anoxygenic phototrophic bacteria (APB). The a and B subunits of LH2 are usually
encoded by multiple copies of pucBA genes, which reach 5-7 copies in Rhodopseudomonas. As
a result, the heterogeneous synthesis of LH2 by multiple genes makes LH2 difficult to be
separated from each other, which greatly limits the full understanding about the contributions of
different pucBA genes to the structures and physiological roles of LH2. [Objective] To develop
an expression system and evaluate the light energy transfer activity in vivo and in vitro for the
reconstituted LH2 of R palustris. [Methods] Using Rhodopseudomonas palustris CGA009
(ApucBA) with all five pucBA genes deleted as the host bacterium and the co-expression
products of pucBAd and mrfp (red fluorescent protein gene) as the markers, we conducted
genetic modification of the expression vector and promoter screening. The spectroscopic
method was employed to determine the biomass of recombinant bacteria, the spectral
characteristics of gene expression products, and the spectral characteristics, photosynthetic
pigments and light energy transfer activity of purified LH2. [Results] The T7 promoter (Pt7)
combined with T7 RNA polymerase gene promoted the co-expression of pucBAd and mrfp in
ApucBA. We replaced P17 with Poadr, Ppcka, and Pars, respectively, and the activities of the
promoters followed a descending order of Ppcka, Pars, Poadr, and P77. This strategy increased the
mrfp gene expression, the synthesis product of pucBAd (d-LH2), and the phototrophic growth
rate in the host bacteria. The expression system ApucBA(pucBAd) harboring Ppcka promoter had
the highest expression activity of reconstituted LH2. Then, we used pucBAa from strain
CGAO009 to replace pucBAd in ApucBA(pucBAd) and successfully obtained the recombinant
strain ApucBA(pucBAa). Compared with the pucBAa construct, the recombinant strain with
pucBAd showed significantly accelerated growth under low light and slightly accelerated growth
under high light. The purified d-LH2 and a-LH2 showed typical characteristic spectra of
B800-only and B800-850, respectively. The fluorescence quantum efficiency of d-LH2 at ~863 nm
was higher than that of a-LH2. However, the light energy transfer efficiency from carotenoids
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(Car) to bacteriochlorophylls (BChl) of d-LH2 measured by the classical method was lower than
that of a-LH2. The inconsistency between the two results was due to the fact that the classical
method did not consider the photon absorption difference at ~863 nm by different spectral types
of LH2. [Conclusion] The reconstituted LH2 expression system of R. palustris was successfully
constructed. The light energy transfer activities of two different spectral types of LH2 in strains
with multiple copies of pUCBA were evaluated on the levels of gene-pure LH2 and photosynthetic
growth rate of the recombinant bacteria. The results showed that the energy transfer activity of
abnormal spectral LH2 (d-LH2) was higher than that of typical spectral LH2 (a-LH2). The present
work laid a foundation for comprehensively understanding the molecular regulatory mechanisms
of the formation and assembly of LH2 in the bacteria with multiple copies of pucBA.

Keywords: anoxygenic phototrophic bacteria; Rhodopseudomonas palustris; reconstituted LH2;

light energy transfer; quantum efficiency

SN SR T A 7 4066 4 T (anoxygenic
phototrophic bacteria, APB), K GREFEH R4t
PO WA AN i Bk A ) B, H AR LS EFIL
Tl A U2 B A ERRoCE
B AN 6 2 A R (peripheral light-harvesting
complex, LH2). JZJiiH (> (reaction center, RC)Fl
HrOC 6 &2 G K (core light-harvesting complex,
LHI) 2 /& . LH2 W W't 6 I 45 Ot RE 1% 12 45
LHI-RC H &K, 76 RC Z 41k F5e iot & 16/
(S S, TR G BE G 45 AL A RE . R
LH1 5 RCIE WAL HE N 101 i R0 5
R(RC-LHD)B*, LH2 ¥RZ¢4E RC-LH1 /95 Fl .
BEE G AR, BIMRAHIE LH2 2021k,
PR LH2 63 R AR, CA B e B T
LH2 ARDGIEIE AL FOGE AR e, HE
B R R B AT <245 D1 pucBA BEPR, H g
o~ A 2R 1 OGP AR 22 575 (EAN[H]
Je T, AN[F pucBA JEHFIER of IS H AN
A B R A BIE A RIS A ) LH2P, B
BB SR, FEbkE LH2 SGig s — ik
MR . mt(high light, HL) T, LI
i LH2 (B800-850 LH2, T-LH2)AY & i o5 L,
MK (low light, LL) ¥ 24 i 5% i LH2
(U-LH2), f5i4n LH3 A1/ LH4 207281 fE ik

SRR S TR AR U-LH2 i W AIOG IR R,
HATWAIASY U-LH2 HA SR8 MR
(carotenoid, Car)ZI|4H [ M-45% 2 (bacteriochlorophyll,
BChl) G REML i8>, HUL A ikl 2R ik
TA R LH2, HOBRB LB SR AT,
H T LH2 3% 15 APB RAR DG G AE K B EAEE,
EFE—EEFRE LH2 15 PEPEA 4 S = B A
B AR B 1 S FE P,

AR LH2 P3RS R IR A MR L E54 . )
REFITE VERY LAl . T 246 D1 pucBA 7R
APB ¥ 3 fF £, JU R B AR R
(Rhodopseudomonas) B 1 it #% D1 %1 (3—-7 % Dl )
%, ZHOR BRI 5 ¥ DI BRI B AR (U0 Rps.
palustris Bis)7b, Bk H 2+ U1 19 pucBA ][] it
LR LR BORRI LH2PB), 3 n — ik
HORRIEE R B Y LH2 B DL o B lifh, &l
TRAWESE LH2 S5F RN RESC R M H A2,
filan, LH2 ZRRaHrikiE @on, BI 2l
1L Rps. palustrisle5. 2.1.6. CGA009 % [ fk
9 LH2, HZ2 IR iR % A AN i) pucBA K ik
ap ik, RIfEJ2[a]—Etk, LH2 2 R4 M5 &
Bt Yo AR AL AR [E] 0B s alifh LH2 RRAE
FEIEA AR, T8 LH2 Sy b o HER
(4.5-7.5 A)OMEAR AR B E U2 B XX —
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ML, Southall 552k I JE A R B 7 1645 2O 77
pucBAd ) CGA009 AL [N Bk bk , alifbts 25N
glify LH4, HSTLZIAMNIR)EIE{CEFL 803 nm
FRAE0E , i biER] LH4 4 B800-noly LH2,
B800-low-850 LH2 A& L — LAY LH2, T2
AFEPDEIEZA LH2 /IR G, (HARGETE 2] LH4
A R SR SE R AT 45 R (7.5 AP RS Qian
853 2 FE I RR 43 73 2 T Rps. palustris 2.1.6
Ftk H {5 8— pucBAa. pucBAb. pucBAd Fi
pucBAe FE K (1) 4 PNER RAD KR, E—25 LA
4l K -1 4 $E(2.7-3.6 A)Mif@fr TiX 4 Ff LH2
B AR IR ZE R, BIH 73X 4 AP LH2 SEis4efE,
{HARXFIX 4 Fp LH2 (Y RE AL 3B TE M ET T PE M .
TR PR 41 pucBA LKA AR, BI#i15
FI| B — pucBA Rl SEAE bR, AN REIE ) X £
RABMRIDCE AR PEM AR LH2 754

I A R R R v B A 1S B AR B B —
pucBA JE[AI R RASKE, (HiXLBBIkERT . 5
ZAH L, PR R A B R AR X TR, H ETA
EMERIERFCERKIL T ZRIMNE A1 E
FARE A, (BT LH2 AR RN E TR
—, A rp AR 2K BR 4T 40 1 (Rhodobacter
sphaeroides) A~ [t 2k 5€ A5 ¥k, . gty LH2 £
JIRFE K ek B Mk DBCQ., DBCQ/G1 . DBCQ/GS
Al CQU68, Zifih LH2-LH1-RC 22 Ik 3 [K e 2k bk
DDI3, DDI3/Gl, DDI3/W1, LLiX4b5easpRif
N FW, WE9E T R E S LH2 (3RAFIE
bR AN LH2 252>, L4k
T8 AR JE I 41 41 14 (Rhodobacter capsulatus). ¥
L1524 7 (Rhodopseudomonas palustris) . I
1% % 2F £1 14 (Rhodobl astus acidophila) . itk 21 K
i B (Rubrivivax gelatinosus) . W& i /) 21 B B
(Rhodovulum sulfidophilum)%s pucBA i [K i) &
2 RMC AR R, LH2 G RO itk
i) Car HAT BEPEME, i F15 14 Rba. sphaeroides

HABRIEMZ Car, 1 Rps. palustris HA 5
JiF& Car, FE—LLAMEREKRA LH2 ANREFEIX
15 E R AI%E, oUE AR LH2 4540 A RE TS 1
HIFEHKRB AR, FlinEd Rps. palustris 2.1.6
i) pucBAd JE KN BE A il LH4, 48 B 4 pucBAa
REFRIEA A LH2RY, (HIOEA AR OGS RHE
HEEKAFRN, BRCAHZ ARk pucBA It
PRI EE 20 236, H 32 05 1 1 A i W o't i Bk
20 AR SO SR T LH2 R SRk, RN
HH LH2 HYOCREAL 28 1 T A7 5E o

TR E LRI pBBRMCS-2 I H: Lac
a3 7 REfS 7E Rps. palustris CGA009 15 F 4
I RFRIRLL A [ (mrfp)P, A PRS2 ) T
ZEARTE CGA009 FY 5 %F pucBA X [H 43 Bl 4
PR (ApucBA) KA H B AEBR Y pucBAd 1), &
R OB TS A 2 B B EE AT LH2 JEIE L ;
T, ASCRH B pY & H (pucBAd) Fl iz 45 %
Bl (mrfp) 2L 23572, X% pBBRMCS-2 K ik#k
R EATGE FR s TR 1k, WEE AT Rps
palustris (W E 4 LH2 RikIAR; FHRHIZKR
HA KK CGA009 HRTE B IOGIR T IL 3G K
) 2 B LH2, ZEMRNFVARSMTA B4 LH2 1956
REAL BTG TR LA 248 DL pucBA VH 7% 14 & 7 Pk
PAF LA LH2 #2ERIR R G, FFMEE
A KIKSEREAY LH2 ShEg s .

1 #HRE5rZE

1.1 ERFRR

Rps. palustris CGA009 (CGA009 5 WT)l
H ATCC (BAA-98); 5 X} pucBA J:[A 4% Rps.
palustris CGA009, f&iiFK CGA009 (ApucBA)ak
ApucBA, ASLIEMEIRAE; E. coli DHSa,
E. coli BL21(DE3)F & 4] E. coli W3110 (pUC19-
Pas-egfp-arsR-Pr-mrfp) bk, ARSI E RS, |
fi EAURER IR R pBBRIMCS-2 (5 144 bp,
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Km', pBBRI1 replicon, mob"), Ak R A3,
1.2 FZEHFIAMNLR

DNA $2 B & 5o 48 B0 £ F1 DNA
afifb PR &, RARAERHLdE ) A RA
wl; RS ASANEH A0 & . DNA RE T, T4
DNA Ligase FIFR il A PIf(QuickCut™ Xho 1,
EcoR I, Xmal, SacI. BamHI, Spel. Xbal.
Apa I. Sac ITFl Sse8387 1), FAY) THE(CRE)VH
M2/ H] s Trans2K® Plus DNA Marker F1 Trans15K
DNA Marker, Jtat 4 &4YHARA RA A ;
IR RL . TR RAREE R, A4 TAEY TR RI)
BB BRA ) bR Iy . e PR AR S
HHAWR, Oxoid AH]. R#E.OHL, Eppendorf
Al BIEFHL(PCR L), Bio-Rad A r]; fHIf
RS, BUMMKRERAL RS A RS w] 5 Se4ha] W oy
JOCEETE, Rl A R AR A E 2t
AL, PR H SZHIERT s kAL, destr
NGRS
1.3 EFEMEREN

E. coli Wtk M IHEALF R LB AR
B FEEE, 7F 37 °C. 200 r/min {557, MR E
WIMRAR R 2 AR E N 20 pg/mL, CGA009,
ApucBA S A P IAE: 76 A B A9 Ormerod
FRFRHEDT SEARSE IR I8# ARG SR 5L, )
PR ERINEAE R, KUK 100 pg/mL.
MRS SRR 30 °C, mROGIR A& h
2 000 Ix #1200 Ix,
1.4 Pr7BEIT LH2 RIEKRWE

R PCR J5ik4R4% H BN, #SCRIS1Hr

Nhel  Hind Il Sep 1

BamH 1

L4 E. coli DHS5a (pUC19-Pys-mgfp-ar sR-Pr7-rfp)
Jok DNA St , ¥4 T3, T7 £ 1k 11 mrfp
FE; PUE. coli BL21(DE3)JE 4 MR 14
T7 RNA REMHRE; LI CGA009 K:PH4H s
M a4t LH2 of KA pucBAd Fil pucBAa
PR . B B L VKA PCR 973 Fr B2, DNA
ali A [0 & [ DNA F B

pucBAd il mrfp 3% ik 5 21 R AR S K T 4
HEFWG T . 5 il A YIS ULE 1. A E. coli
DH50 ~1E F1# , HKUCH pucBAd., mrfp. polr.
Trs Bl Tr i@ 2L BY) . NG Ay 1 20 31
ki pBBRIMCS-2 1,135 4 P~ E 4] DHSa BRI 4,
41 9°A Pr7-pucBAd-mrfp-|-PLac (pS1) . Pr7-pucBAd-
mrfp-|-polr7-Prac (pS2) . Pr7-pucBAd-mrfp-|-Trs-
polr7-Prac (pS3)FN Pr7-pucBAd-mrfp-Trs-|-Tr3-polrs-
Piac (pS4), 535 7E X & DHSa(pS1) . DH50(pS2) .
DH50(pS3)Hl DH5a(pS4) &tk . i PCR & #
XUGY 7 Pk B A AT I UERT, R O
M5 FE R B Rk . EREZOUGES RESEH
Wk DHSa(pS4), #RICH R, i b
05 8 R A CGA009 (ApucBA)HE bk,
WA EA W, #7idh ApucBA(pS4). il
Tk VA I A R Y SRR O, 4L Ab
W 63 43 B pucBAd Fik oL, Horfr Py Al
Prac 539120 T7 #1 Lac J33h¥, pucBAd A %5
LH4(d-LH2)ap KA (H ), mrpf 4
gL RO B (R BRI, pole B T7
RNA REBSEEK . Ty Ml Trs 205048 T7 #1 T3
KkF.

EcoR 1 Xho 1

Sac 11

Xma |

BEl1 pucBA BEFEEAHFEERTAITMEBYINLREE

Figure 1
recombinant vectors.

Schematic diagram of gene element organizations and enzyme restriction sites of PUCBA gene
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1.5 B FrIkEMEL pucBAa EHKAY
i

KA PCR JrikP!, D&Y Rps.
palustris CGA009 £ [X 20 DNA AR, 435
Y395 3 F Ppoka Ml Poagr; DA E. coli BL21 A
M3 ¥4 )5 81 F Paso B ILFYI(NDe T Fil Sac 1)
M T4 BRI, X 3 N o PR E 4L
#L pS4 1 Prz, %54k E. coli DHS5a, &3 986G
P 35 A1 E 0 SE OB 3G E, RS R 34
AN Ppekay Poadr Fil Pars FOEEZH KK, 43 A FRiC
4 DH5a(Ppcka) . DH50(Poagr) Fl DH5a(Pars) . HF
X 3/~ DHSo AR EFE 12 h, BORE, a2t
FEEFRIE mrfp LR ik &, L DHSa(pS4) Ry Xt
&, M DHSa EZHREHHFEBUTR, 1bApucBA
VR, Zead btk . SRR E] 3 A E
T, 535952 L ApucBA(Ppeka) - ApucBA (Phacr)
FIApucBA(Pars)o VL ApucBA(pS4) Ry X B #E ,
N B2 B A T L A A R RIS RRE
F AR S 37X mrfp F1 pucBAd JE K 31k 75
PR RZ . h B T4 A, K DHSa(pS4) #
ApucBA(pS4)Fx-k DHSo(Pr7) il ApucBA(Pr7).
PEFEAEApucBA 15 3 1A T R A 3R 35 pucBAd 5 [
FA sh TR Bk, AR IC N ApucBA(pucBAd) i
M, HF B Ry LH4 5% d-LH2. ] CGA009
HFR Y pucBAa # it ApucBA(pucBAd) 1 £ 1)
pucBAd JE[H , #4 % 5 41 R ApucBA(pucBAa),
TR YIFR A a-LH2,
1.6 LH2 9B ig4F i

B¢ 50 mL ApucBA N HFH FRE2M, 4 °C.
8 000xg &.0> 15 min YAEF A, H 10 mmol/L
Tris-HCI (pH 8.0)1E% 2 X, #A I T/E5.0s,
[ FE 15.0 s HLAb PR 20 min BEERGHML, B 1 TOH
PR A TRIR B 43 AT . DEAE-2F-4E %R 52 BHES
TR Z oy s alifk LH2, BURENN G LH2 A%
WG . Tricine-SDS-PAGE . 286 Gi%HE S

R EP,
1.7 XEBRIENNE

Halifh LH2 Y45 200 pL, A 10 £k
TR PR B2 B B 3 h, 4 °C. 8 000xg
240 10 min, BRI E K 475 nm F1 770 nm
4k Car 1 BChl ) OD {H . AR #5228 C=(DVf)/(aL)
T8 LH2 w Car #1 BChl & &, 314 BChl 5
Car B /K Ho(mol/mol). HH a MEE /R FREL,
L AR (em), DV I f 4351 A E R Y OD
R RER F, Car X6 R KA BChl B2
IRIHYE R 5 H 160, 76 L/(mmol-cm)32¢),
1.8 EHAEEMIE AL E

FESEREN 1 om AR HLERRH, DI ERE S Y
WSO TE o B AAC AR R LU 5 K 660 nm AL ()
ODgso T/l o D ICIGCIEM E JEFEIEFE N 1 om %¢
AR, K PRI S BE 2 ODgso 4 0.10,
BB B L) 564 nm, 7E 580—680 nm
TG, R E 4 mrfp LR £ 5E RFP 566K
SIS e 612 nm AbHPEIEIRE (Fern) . IEE
Aex N 494 nm, 4 LH2 #E5 96 R $HO6IE;
BEE Mem M 863 nm, FFEUICEKL GG
1.9 BEERBUERSH

s 2 ) Cogdell 5!, i+58 LH2 4
T Car % BChl [6REG A (EET%). %
LH2 M3 & S5 IBOETEAE Qx 417 (590 nm)itk
FTA—ALAb PR, 2 115 Car FRAFME —F5 06K &
ik SRR RSO R I 1 L 2 ) P, 103k
LH2 43 Car 3] BChl Byt REL #3814, Car
ZHRFFIEIED K 466, 494 Fil 525 nm.,

LH2 6| FRCRIEMTHED . BT
F=Klo®A, Ht F RoOtIEmM, K. 1o, @ H
A RRAER R, BOROEIREE . TR
FESRIWOEE . B PRI SR, K
lo 345 50, T 2 Ff LH2 TR0 HfE R .
&1/ D =(F1xA)/(F2xA), HH AZKRIR ODaos, F N
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863 nm Z&)EI%(850-900 nm)AY AL, Fhr 1 12
FANPIF R LH2 #£4 o

2 ERE55M

2.1 Pr7BEF LH2 R kA WE

e 2A F1 2B Jifs, DHSo AR 12 h
PRI, F T SeRE R AR A polry L, R4
I E 4 F Pk DHSa(pS )R AIZEEIE S, R
Pr ANBEJS shEEN 35 ; DHSa(pS2) £ F~612 nm
FEE9¢ G (Fera), R EZ Polrs BEA ZUIR & Prv
Xt mrfp B:RF 15, DHSa(pS3)All DHSa(pS4)
PR — 4R, RUITE Lac B2 K i
A Trs &b+, SEARMRE RIS
(P<0.05), 7£ Prr B\ F AR i FRAd A Trr & 1EF,
HA R SR E TR, (AR REEEER.
i F DH5a(pS4) i mrfp J& R Rk TG MERE, ¥
UKL pS4 H Ak BN 1E F 7 ApucBA , 153 ELH
B ApucBA(pS4), 555% 3 d BHGIN , 122 8 41 i ]
Fﬁélz Foi2 (164.8)2¢ 5%, T pucBAd 1 mrfp 3

3k H mrfp 78 pucBAd R, b,

2: DH5a(p$2) e &

200 F 3: DH5a(pS3) 200+
4: DHSa(pS4)
5: ApucBA(pS4 o
& 150 pucBA(pS4) = 150
100
100 50+
50 0 i
&\\ S cha\ &Q %&\
= = PSR,

&2 FLHE mrip # pucBAd EE R IEHEN
FLR =Y R ISOGEE. HL: &%; LL: I, **.

P17 BETE ApucBA ¥k A3 3l pucBAd F1 mrfp 3
Rk, (HH Feo B AT DHSa(pS4) i f4 o
ApucBA(pS4) i #£ ODs7s (51 )6)Fll ODss:
() IH — A O an 18l 2C F1 2D Fii o
X PR MRS FE 2 4> NIR 4#4E0& P1 AT P2, &%
(2 000 1x)H} P1 1 P2 {37 F~804 nm FI~875 nm,
(200 1x, 6 d)Ff I {37 F~804 nm F1~881 nm.
T pucBAd St KB G MY LH4, H
NIR &I S F~800 nm FHAEIEN21, MIH—Fk
NIR il n] H M HE 5] ApucBA(pS4)7E = G Al
K EER FEBT ODgos 2775 T X BRI AR, £HH P RE
I 1E ApucBA (pS4) 21 i ¥k i e 50 pucBAd JEH

Fik, H LH4 S IfAm, At —22E.
2.2 Kﬁﬁuﬂ%iéﬂﬁikﬁﬁ
22,1 EHEAEFRIE

h T B E TSR A 3, S 31 Poadr.

Ppcia Fill Pars 2548 pS4 BRI H Y Prr, 43311 %% 4k DHS o
F1 ApucBA bR, FAHF M ZGRIANE 3A
A 3B iR, 7€ DHSo 15 T @, 4 MashT
T EE mrfp 3 F 3Rk 5 (Fero) i IR

e 1O}
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Figure 2 Detection of mrfp and pucBAd gene expression in recombinant bacteria. A and B: Fluorescence
detection of mrfp gene products. C and D: NIR spectra of pucBAd gene products. HL: High light; LL: Low

light. **: P<0.01.
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Figure 3 Effects of promoters on expression of recombinant mrfp and pucBAd genes. A and B:

Fluorescence detection of mrfp gene products. C and D: NIR spectra of pucBAd gene products. a, b, ¢ and d
represent significance differences (P<0.05) among different letters.
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Figure 4 Effects of promoters on growth of ApucBA recombinant bacteria. Under high light (A and C) and
low light (B and D); a, b, ¢ and d represent significant differences among different letters (P<0.05).
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Figure 5 Growth curves (A) and living cell absorption spectra at ODggo normalized (B) of ApucBA(pucBAd)

and ApucBA(pucBAa) recombinants under high light (HL) and low light (LL). Spectral curves shifted upward
by 1 unit in turn.
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Figure 6 Spectral characteristics and electrophoretic detection of purified LH2 from different strains. A:
Absorption spectra (ODsgp normalized). B: Tricine-SDS-PAGE. C: Fluorescence emission spectra (Agx=494 nm).

D: Fluorescence excitation spectra (Aem=863 nm). Absorption spectra were shifted by 1 unit in turn, and
fluorescence spectra were shifted by 500 units.
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Figure 7 Determination of LH2 light transfer efficiency. A: d-LH2. B: a-LH2. C: WT-LH2. Absorption
spectra (1) and fluorescence excitation spectra (2) were normalized at 590 nm.
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