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Rhodopsin is a membrane protein with seven transmembrane region which contains a retinal as its
chromophore. Although there have been recently reports on various photo-biochemical features of
rhodopsins by a wide range of purifying and measurement methods, there was no actual comparison
related to the difference of biochemical characteristics according to their physical environment of
rhodopsins. First, proteorhodopsin (PR) was found in marine proteobacteria whose function is
known for pumping proton using light energy. Second one is Anabaena sensory rhodopsin (Nostoc
sp.) PCC7120 (ASR) which belongs to eubacteria acts as sensory regulator since it is co-expressed
with transducer 14 kDa in an operon. In this study, we applied two types of rhodopsins (PR and
ASR) to various environmental conditions such as in Escherichia coli membranes, membrane in
acrylamide gel, in DDM (n-dodecyl-p-D-maltopyranoside), OG (octyl-p-D-glucopyranoside), and
reconstituted with DOPC (1,2-didecanoyl-sn-glycero-3-phosphocholine). According to the light-
induced difference spectroscopy, rhodopsins in 0.02% DDM clearly showed photointermediates like
M, and O states which respond to the different wavelengths, respectively and showed the best
signal/noise ratio. The laser-induced difference spectra showed the fast formation and decay rate of
photointermediates in the DDM solubilized samples than gel encapsulated rhodopsin. Each of
rhodopsins seemed to be adapted to its surrounding environment.
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FAE ARESte olUAE AAkekE 7152 haloarchaea
(bacteriorhodopsin), group II 3% archaca (euarchaeotic
rhodopsin), Ali [proteorhodopsin (PR) 12]1L xanthorho-
dopsin (XR)], 22|31 Alop=8lE|g|o} (Gloeobacter thodopsin)
oA WA H UKl 12). F HAR A5 AE 2AE 7
5= 7= ZFALS.Z halobacteria2] sensory rhodopsin 132}
I, vMZFolA A" Chlamydomonas®] Chlamydomonas
sensory rhodopsin A (CSRA)$} Chlamydomonas sensory
thodopsin B (CSRB), Alol=rlg|g|olollA] E23+ Anabaena
sensory thodopsin (ASR) &°] $ItK8, 17, 20). °]&9] A&
g wye ook, 5 oAl HMYxKtransducer) S ©]
£31e] Bolg gl h33h= F34(phototaxis) W& Z
A= slae, 5, 17), ZEAds 59 o HAAE %
ste] Ao 29)S ZFeAY, SoldtAl GPCRAH AX
Y 58749 AGAE ol 83ste AEE Adshe HAUSS 9]
LI7|= k(7). gk WS o] &3l AL wEo Thild
71%5S ZA3l= photoadaptation®l] #eJsl= ZFAE Atk
dE EW, Anabaena (Nostoc) sp. PCC7120°] = ZFA
B34 k= B¢t chromatic 28, & phycobilin 48 3}
A BAgE 3ge] e whgehe §A4S 7HAAL AThT, 9,
16).

9 whlEs Al ojEE dolth gwrHo=
heterologous expression system= ©]-&3}=H|, olu] AMEs=
%32 A|XE7} Escherichia coli AES)tH10). &= vz
< E. colidll #EE 3 o, & £9 FFE AXA H4,
27t dos o @RS 48 4 ok AT, ol vF
EEHete] W o]&s Tiide] 4AS SHIE gA &
ot webd A2 k] non-destructive detergentE Al-8-5}<]
AAG T, gel 2 THEo] XEAO]F 58 4T 5 k4,
16). E3L, detergento] =<1 AE|E TS GAE 4= glo
5(6), °1Z WAl E. coli AR AZH & 5 AJrk16).

B Ao rs 4 ol F=x I9F 7158 7HAl= PRY
AEHLD755 sh= ASRS o835t 7 duidS thekst
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Z29S 9814, ZF PRI ASR F3AE pKI900 vector
ol Ndel/Notl A3+ G445 ©]83 3l T4-DNA ligaseE ]3]
A glolAlo] A(ligation) S WA E. coli DHS5aol] &S
(transformation) S 8 TS, 50 ug/mle] L& Pujilglo]
=o}l 9J= LB (Luria-Bertani)-brothol] %S 3lal, 35°CE
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oeld 2EHS 984, B-caroteneS FAY F U=
pORANGE=E E. coli UT5600°) EZA&3} E. coli strain
B/UTS =3t} B-CaroteneS F 7)o HEIGE A= & Q)
= #9] dioxygenase (B-diox)= pKJ900 vector®ll Ncol/Pmel
£ o]83ste FEYTh

ESHM g 2 FHul

Z}Zte] PR¥} ASR-S lacUVS5S ZZ X E|(promoter)el 23]
A, B-diox= pBAD Z2REJ]| oJa}A] E. coli strain UT5600
oL} BUTOIAM =& dhd =9t} pKI9oo Zet=v|=7} ¥4
ZHgkE UT5600 cellS 1 mM IPTGE f-%(induction) ¥ 1L,
5-10 pMZ HE 5571 JAF all-trans dE]do] H7}E 0]
A 6A1ZF B 30°CollA] =tk pKI900# pORANGE
Zetzu|=r} 82 AgkE p/UTE | mM IPTGS} 3F B4}
B-7IZRS T EAlY #HEERE A=2e IJTE = 15.15-
dioxygenaseS F+=3517] 91814 0.2% (+)-L-arabinose’} %7}
H a1, 24A13F 53F 30°CollA wig=EATE 229k 530 Al
EE BAAZ o 204 A4 Ee1E B 2 8 o
S g Utk o B AFEEE 1%7F HAE n-dodecyl-
B-D-maltopyranoside (DDM)3}  octyl-B-D-glucopyranoside
(0G)E H7FlA, 4°Collx] 5 ARE o) Fof B dhild s
7+8-8FA1ATE Ni*-NTA agarose (QIAGEN)Z #7134 4°C
oA 4AIZF w3l A affinity chromatography S 53 Thald
S B8tk 2elE 2 vEe 0.02% DDMeY 0.8% OG
o Fo} AUtk

Membrane Gel M=} =g

259 S ol8dA 42 ¥ 24 HF F=t
0.04%7} ¥ =5 DDM< 37I5F ths- 4°CellA 30 &<t Hf
it 94 £elE 53l heavy membrane A| A3} =
314 AA 215 53) light membranes AAUTh & &
2o pelletS & U3 15% polyacrylamide 24 3
*] membrane gelS DAL ¢/JE membrane gel
Foll YWojA] 4°CellX O/N Bt ATE 2183 sonication
buffer (150 mM NaCl, 50 mM Tris-HCl, pH 9.0)°
membrane gelS HoiA] 4°CollA] O/N F<F A Z T

AR Z2FAe FFEFE7F OD=0.27} H == buffer R1
(150 mM NaCl, 20 mM Tris, 0.1% DDM, pH 7.01)Z 3]
3t 5 mlS YHEUTE DOPC  (1,2-dioleoyl-sn-glycero-3-
phosphocholine, 20 mg/ml)-2 30 ul ¥oi4 10-30% F<F RT
oA wjAZ ek DOPC7} o %0 Bio-Bead S 0.143 g &2
oAl 4°CellA 12A13F o) s £50] AEH AHTh
Bio-BeadS Z#] Wl U, X7k buffer R2 (200 mM NaCl,
NaH,PO,2H,0, pH 7.05)Z 5 ml 2o]A #oiFth 6,000xg
2 10% Bt 4°ColA AR g The, A4S A2 HYa
Buffer R2 1 mloll =<1 ¥ Eppendorf-tube 2 &} 14,000xg
2 58 B 4°CoA AAEY §F o, A9 #yx
pellets = S0l ARS-ZUTh
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MEM GEL DDM OG REC

Fig. 1. The color of PR and ASR in various physical
environments. The order of the samples is MEM (E. coli
membrane fraction), GEL (in polyacrylamide gel), DDM
(solubilized in DDM), OG (solubilized in OG), and REC
(reconstitution into DOPC).
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Fig. 2. The Anax of PR and ASR according to the sample preparation states. PR solubilized in DDM is blue-shifted compared
to PR which is embedded in E. coli membrane and trapped in polyacrylamide gel. Otherwise, PR solubilized in OG and
reconstituted PR represents a red-shifted Amax. In the case of ASR, the Anw of DDM, OG solubilized ASR and reconstituted
ASR are significantly blue-shifted than membrane, gel state ASR. The absorption maximum of each state is a little bit

different to each other.



< 7= vhE, DDMO.Z 9] 27 = 2F 4 nm7} blue
shift ¥ FEN] 520 nmolX H F5 S 714, OGS}
AZHREC)E AMZoA= 2F 5 nm7} red shift & Fe|<l
529 nmollA Ho) F= 93-S 7Fth ASR] 9 PRI v}
A E MEM £33 GEL 2719 7% 553 nmollA Hd)
¥ 33<S 7%tk DDMY OGolAE <F 10 nm7} blue
shift % 543 nmollA Ho| F5 3PS 74X ¥bd, REC =31
A4 °F 24 nm7} blue shift ® 529 nmolX Hd) &5 T}
A2 7F-t(Table 1). 22 Tl o] x|wt AZ 20 uz}br]
chromophore$} THAZTe] e a8 Fxrt GEpA Ho
T 3ol Aolrt dths RS BARIFCh

o

oS ST
Figure 32 2 ZFAl0] WS 20% &Ho] & the 25419
I (wavelength)d <= 223 E H(absorption spectrum)<
ERdth. PRY 9 pKo7F 752 €8A Utk wEbA, PRY
acceptor 715 8= Asp97°] deprotonated form< A3l A]
PRo] & U] &83Z<] M-, O-like intermediateS 4 &
UEE pH 9.0914 #3-8 AF+E 4 YTh MEMF GEL,
a3l RECOM e Hdl & 33l °F 530 nmolx G
(ground state)E E33, F 410 nmol|A] M-intermediate, ¥
600 nmOllA O-intermediate S ER{Th AAZH 22 AOD=0.04
2 FHe ~dEHS Holx ik Wk, DDM¥} 0G|
ol Q& PRE 7%, ¢F 500 nmolA G (ground state)S &
o]H, Z} M-, O-intermediate> 2F 400 nm, 2 600 nmol|A]
Hola 9lth MEM, GEL, REC XKt} oF 1004[<] AOD=0.3
o] A=HEYS H]lth

ASR 9A] BE ME9] 24 pH 98 FHI3ITE ASRY
MEM?S] 7%, @& o] UF oL Y& €A aAp=HEH
& 43t ZIch MEM# Hls=3k 349 2349 GEL%
REC®] 7%, Alado] wjg- vuaiA|wk, ¢F 550 nmellX G
(ground state)7} Ho]™, ¢F 400 nmolA4] M-intermediate, <F
600 nmollA] O-intermediates X<tk ASRS] 79, AlA
(sensory) ZixAlo]7] wjiol] 44 o]S HYsh= AR
o AdFo R =Y XEA|EES Adrt mEbA, wE XIE
Alo]E-E 7143 Y= PRAAE 43517 o]e]$ M-interme-
diate (2F 390 nm)7} DDM3 0Go] 50} & ASROIAE
ol #A e As 1T  AUrh M-intermediate 3

o] ZHalo] B HIE(AOD=0.04)E =2 5o} 917] W&

(3]
W

Rt T =EAl 54 W)

o, A= o2 O-intermediate (2F 610 nm)E &> AODFS!
001% Y= 21& 891 & 4 stk
PR3} ASR E5F DDMe|A 71328} Heteh #he A1

AEYS 9 5 gt AL A F 5 Aok

glolM ZE ZEA0IZ £H

Z+ PRI} ASRQ| 7} intermediate®] FEEA}C)F & -8(rate)
< A7) flEiA #lolA S XEAlIES A3
(Fig. 4). PR 2] 739 ground formation®] half time®] 39
msZ O decay?] half time 36 ms®} H|$:8}A] YETHTable
1). PR gel®] 7%, G formation time (49 ms)©] MEMX.C}
LHHAT O decay time (10 ms)= MEMS] AXcH &4
22l A& g2l & 4 itk PR DDM| -9, - wE M
decay (1 ms)= SHE 4 Utk ¥WHH, G formation (12
ms)3} O decay (23 ms)= "¢ #WE A2 1 & & ok
PR OGOAM= 71 =3 ZEAW]Z rates Holil Slch PR
RECE MEM¥ & gjes HRIth

ASR G (ground) formation half time GEL, DDM, OG,
REC X5 BIS:RE oF 40 mso|t}. 71213l MEM, DDM, OGell
A B3 £5(9F 38 ms)2] M-intermediate= =3 4= U
=], ol= PR2] M-intermediate 2] decay &%= HT} °F 40
Hi7E =givke RS 891 & 4 qiok ¥hE, BE ASR 34
Z21& pH 9.0614 &880 7] WZl O-intermediate> 2%
A Uk

PR, ASR 25 DDMoIA W& FEALO]Z half time 7}
A= A& 39 & 4= Aok PR GELY O decayt 2719 Al
Bog ALEJEH, Tigke oF 10 ms® WEAR, T8
40 msE Z2A Vg7 W&o DDM9 half time Bth= =¥
A& & 4 Uk ¥PA PR, ASR EF OGoME 71P¢ =9
L EALO]F half timeS 7FITh.

ml

2%

2 A7rollx= PRI ASRO] I ® w9 dHl, PRI
ASR©] 78 # light membraneS polyacrylamide-gel 2 31
A 3, 7 25AE gAIste] DDMel =<1 A, 0G
off =21 Ael, HAIE Zt D HES E. coli lipid?] DOPCE
ANEHT AR FRleiM T SHEY, s ASHEL,

Table 1. The absorption spectra and photocycle rates of PR and ASR in different sample conditions

PR ASR
A max Mygo decay Gs3p formation Ogoo decay A max Moo decay Gsgo formation Ogoo decay
MEM 525 ND 39.61 36.18 553 38.14 ND ND
GEL 523 ND 49.1 10.37 553 ND 39.42 ND
DDM 520 1.25 12.43 23.36 543 33.18 36.25 ND
oG 528 ND 139.12 77.81 543 34.72 40.62 ND
REC 529 ND 21.12 14.77 529 ND 37.96 ND
nm msec nm msec
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Fig. 3. Intermediates formation by flash-induced photochemical analysis of PR and ASR. All PR samples represent ground
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Fig. 4. Laser flash-induced absorption changes of PR and ASR. After a brief illumination of 532 nm laser, transient light
absorption changes caused by depletion or formation of photo intermediates were observed. Transient depletion species turned
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O-intermediate in PR, otherwise, M-intermediates are abundant in ASR after energy transfer since the measurement was
performed at pH 9.0.
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