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Femtosecond Pump-Probe Spectroscopy of Spirilloxanthin Bound
to RC-LH1 Core Complexes from a Purple Photosynthetic
Bacterium Rhodospirillum rubrum S1
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Spectroscopic properties of spirilloxanthin in solution (benzene) and bound to the RC-LH1 core
complexes in chromatophore membranes from of Rhodospirillum rubrum S1 were studied by
femtosecond pump-probe spectroscopy under variable excitation conditions. Lifetimes of the S; and
S, states of spirilloxanthin both in solution and bound to the RC-LH1 were determined. According to
these lifetimes, the efficiency of energy transfer of the S, —Qy and S; —Q, were determined to be
47% and 0%, respectively. The energy transfer from bacteriochlorophylls to carotenoids is also

observed after excitation to the Q, state of bacteriochlorophylls. The results show the mutual energy

transfer between carotenoids and bacteriochlorophylls.

1R

R K OB O B Tt A ki, KB
FIpAX—JHL LT, ThzERIFET
FNF =B L TG, TORE, HiEk
FEOIFEAETRTOEMI IR LX—%
G LTV a1l 2 ofIEhiEEIcIs N TH
27 /A4 R (Car) (Car IZ. B ARDME
RABEGERICEEN., BRFICSFET
LRV B EATLAFEORKTH
)N F YA anr 7 40 (Behl) & W
ST AR TN EEREE 25 T
W5, TOXEED—>L LT, T FLX
— D EHE Lo 2L X— 2T
BRI R T DR 2 o [1,2], ALk

69

A EGHE O A RGRIT, LHI & LH2 &9
QRO NET v T T aFEABEAKR L.
B 0IAALTE T X — BRI X
JF — AT DOt OR T O EA AR (RC)

LRI TS (1], Carlzid, K%
FEA e B IRk — EIERAE S, (1'B,) 23 0 |
400~600nm |Z 5, & 41 2 5RGIR IR IS AH Y
T 5, IHITS, LV BN R LF—{TH
A2 S| Q'AIREER B D [2], £=,

Behl (I3 D= X —REEE LT, W]
B I RIVEIRIZ Q& Q IRIENH D =
ERMBN TS [1,2], 2 E TOHFZED
5. ALEEAEBMEIZB VT, $—Q KW
Sy = Qx DT FR/NLF—FBEIAEH ST

-
—



L0, A THBELTHWE
Rhodospirillum (Rsp.) rubrum S1 TiX, S;—
Qy DT HILF —BHEINFEIME (~0%)Z &
NESN TS [34], £, ZhETO
BFZETI Behl 75 Car ~0D T Rr /L X — )
E, FHEMICARETH DI 6T,
HIHRVWEDEEZEZLENTND [2], AHF
Z2ClL. Rsp. rubrum S1 7 5FH%EL L7~ LH1
BT D= R F—IRZERE 2 B 52T
HZ ExEHEBE LT, Rsp. rubrum S1 (=27
7 7 ) (RC-LH)D B & FFORHMAR T, S
L T\ 5 Car i, spirilloxanthin (Spx) Td 5.,
7 ) — 2K & A S LTRRE T Spx D
WROFNZ T H 72012, Spx DIEIEH
& LHLIZHEE LIRS T, 7= A bR
IRFE 0 8 59 6 &2 -V TRl ~72, & 51Z LHI
\ZHEET D Spx D S, it & Behl @ Q Jibid
BDFA T I RPN, ZOREDNS
FIhERRB D F M A RIE L, 45 % DIREED
O ORRFIRREE & = RV X —BEZIRIZ O
TA~T,

2.8
2.1. 308

KWL THWE LG RENIZE T S
LH1-RC O#451K% LH1 chromatophore & IFF-
S TN OREREIZ, 253K [5]
LRk D71k % M7=, LHI1 chromatophore
Id, ALEYEA R Rsp. rubrum S1 2> 5 1%
DL 7L F LR BTV L, %
LT 20mM Tris-HCl (Z55# &7, Spx 1L
Rsp.rubrum S1 BN & A HEIALECHhH L |
717 LREEIC LR U7, R L7 Spx
%, LS LT benzene & VW TIAfiR =&
72[51.

2.2.RBIEE - JE
FIRE LT, 7 = b MR A E
(0 3R UJAP%: 1 kHz, 0 R 780 nm,
XLy A g 100 fs Hurricane,
Spectra-Physics #1) % 7=, JEIR G H72
A 20 50F, —HITHRTANT v
tEiE %S (OPA-800CF, Spectra-Physics #) %
MWTEEZEBR L, Bt Le, 95—
FOITY 7 7 4 TITELSETHBEERIZ
L. REBHE LTHW, BEE 1308
LB, V=TA A=W
(S3903-1024Q. IEAAAR k=2 AH) (2 TH
21T o7z, #BHE, JEiER 1.0mm O 7 n
—E /LI L CHRIE L7z, TR O Spx 1
S, Jib#E#% . LHI1 chromatophore (22Tl
S fihketh & Behl @ QxibEE# DX A F I 7
ANZDOUWNT, pump-probe 73t A& W TZ 4L
ENHANTo, ENENORE = 2L F—13,
¥ 1 OFRREITRT LI, Spx D S,
(2.25¢V), Bchl ® Qq (2.07eV)IZFHHE L 7=,

SERLEER

1 {Z LH1 chromatophore & benzene 1
Spx DEFWIN AT ~vi -7, 2.00~
2.60eV IZBH S5 Spx D S, Wl & b L

Wavelength (nm)
1000 800 600 400
— T T T T
[ -===1n benzene
1 i Q LH1 chromatophore
g S, :exc
2 Qx exc;
£0.51 :
2
]
0 > 1 ~
2 3
Photon Energy (ev)

1 LHI1 chromatophore & benzene H? Spx
(ZRIT D EFWIL AT b,

70



72L& Z A, benzene 1'% chromatophore 1 %
I B — 27 PTFHE Lo T, BRI

FILHERR TH D L ART I LNTE D,

FD7=¥. LH1 H & benzene T X A F 2
J A& 52 LIz Lz,

[X] 2 (a), (b) IZEILZ 41, benzene 1 & LHI
chromatophore #1? Spx @ 0-0 & % i L %
DHFHFEBULA LT M vErT, K2 @I
BT, Kb, 2.20eV LV EHZRLF
— T, JEERREO AN Li-Z &
X7V —F o 7 EENEN SN, F
72 2.00eV ITIZ Spx D S, 75 D PN EB A
2RV AR L7z S O PEWRIAE B2 8Ll &
Niz[3], F£7o. FHoOKEE L bz, 20

N R D EPERINAEE L TW\W5, X2 (b)
IZBWT, b ERICE = R F—MHT
WiHh o Spx ERERIC, 7V —F 5

DI S 77z, 2.00~2.20eV TIEBhE IR RE
B & B I EOERIE~ M MWL 5
ﬁﬁ@énkoumvHL

PR 5

700

ZHIND ST &

1%, Sps IR CIRE L & - T
Wavelength (nm)
600 ‘ 500

0.01

in benzene

—1.0ps
-0.01F ---- 3.0 ps

5.0
=

Absorbance Change
Absorbance

| LHI chromatophore

—1.0ps
-==-=5.0ps
. L 200 ps
0020wy

16 18 2 22 24 26
Photon Energy (ev)

2 S, b D benzene 1 & LH1 H1?D Spx

DOFBIERERNT T 2 HFHERBIN AT F L,

0.021

Absorbance Change
S
o

A in benzene |
® [ H1 chromatophore

|
0 0.5 1
Delay Time (ps)

B 3 S, b # % ® benzene ' & LHI
chromatophore H10 Spx (23315 % 2.03eV DRFfE &
RO L 7 4 v T 4 > il

W5, TRUTKL, 2.15eV ORI E— 27 1%
200ps F THEDHT TND LWV D DORRHK
)T b, X 3 12, benzene F' & LHI
chromatophore 1 ® Spx (2515 5 2.03eV (S,
1t P W N AE +5) D IRg IR A7 oD b Je OV 7
AT 4 TMBETRT, T4 T 4T
X, INEONH BN F 3 EE KT
BB, EEBEBTH LT U A EE
FIAANTE S O TIT o 7o, fRAT O RE R
benzene FIZEIT 5 S1 DIBPERINE B DT
HERY X 80+20 fs THY ., ZAUL Seik
REDFHMTh D, [FERIZ,
HIUZE1T 5 Spx @ S1iBEWRINIG B DL H |
MVIF40E20fs THDHZ EmKREST, Z
DFEE LHL IZHEA L7 RHE T, Behl ~
D Se—=Q DTFXNX—BENRHH-DT
& 5[2-4], benzene H & LH1 H D S, FHan D
BN S | Se—Q D )L X —FBEh =R A
47% (= F X — BB (90fs) ) TH D 2
EMNRE 572, F72 benzene & LH1 iz

BT D Spx @ SPIREEDFHFATX, 1.4%0.1 ps
LELL, $—2Q DR AF—FBE)LIZ L
AMNERI BN RS NT,

< 412, LHI HiZF1F 5 Behl @ QyfibiL
#% & Spx @D S, il 4 DO HFH LU AT K

LH1 chromatophore



Wavelength (nm)

Absorbance Change

1.6 1.8 2 2.2 24 2.6
Photon Energy (ev)

4 LHI H1® Spx I
BOWFHERBINA T S,

BT D S MUV Qb

VDA TRT, 2 DD ALY MR
B0, S FEOBRIC LB SN D,
2.00 eV, 2.15 eV, 2.40 eV OFFEA 72 {5 B i
Qi TH B SN, F/o. KD 240
eVHTIZ Spx D7 U —F » ZIE 5Bl &

NTNWDZ L E.2.00eV FUTIZ S DR
WEZNEH SN TS Z & e, Behl 7
5 Car IR NVX—BEIN DD Z & D3R
T& 2,

X 512 LH1 #1 Spx (28155 S, fihid &
QL t: D 2.00 eV TORFREURIFNE L 7 ¢
YT A v TRERE R, S OfEEONMD k
DOIX, Sy bk 40 f5) LV b Q. btk
BOS)DH, T N7 b RN & 3B
Iz, QS DT FLF—BE)THEN G
DEEZBNTWDZ EEFimThik~7z
D, AHFEL D Q=S DB EH AL = R LF
—RBENREEE DAFIEN RIR S 1L D,

4.F5¢8
ARFZETlE . Rsp. rubrum S1 2> 5 FHHLL 72

ge

Absorbance Chan,

Delay Time (ps)

5 LH1 #1® Spx (28115 S, KO Q fibke %
D2.00eV TORFURIFIEE 7 4 v T 1 > 7 iR,

LHI chromatophore 1 & benzene FIZ 1 %
Spx @ pump-probe 73 & T o1, 7 =R
FORER RN A 7 S LB B T4
R B DERFEUKAFHE M N E DT 4 v T«
Y IRERD B Rsp. rubrum S1 TiX S;—Qy
DT )L —BENT NI TR < (~0%).
S;—Qx DT RV F —BENLZN A (47%) T
DT ENRINT, F72 Behl @ QyJibi
% DfENT > B Behl 226 Car ~D TR J/L ¥ —
B b il Sz,

BE IR

[1] B.R. Green and W.W. Parson (Eds.), “Light-
Harvesting Antennas in
Kluwer Academic Publishers, Dordrecht, 2003.
[2] T. Polivka and V. Sundstrom, Chem. Rev.,
104 (2004) 2021.

[3] C. Gradinaru, et al., Proc. Natl. Sci. U.S.A.,
98 (2001) 2364

[4] E. Papagiannakis, et al., J. Phys. Chem. B,
107 (2003) 11216.

[5] K.Nakagawa, et al.,
(2008) 345.

Photosynthesis”,

Photosynth. Res, 95

72





