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Spntiti ~W~;*IIIICS ol’ pltitcolytic scgnrcnt A ($A) or bxtcrioeprin of H. Itduhltrttr (rtiiducs l-36) selubilizcd in P mixture of mcthanol-chlaroform 
;I:\). 0.1 :4 LiClO, orpnic rnixturc, or In pcrdculcrnicd sodiunr dodccyl rulhic(SDS) miccllcs. wcrc dctcrmincd by 2D ‘WNMR kchniqucr. 321 
a& ilO0 ?\‘DLSY crowpsak volunwr wcrc mc;wwd in NOM’ r;pccm of rA in orgnnir mixture and SDS micclla. respectively. The IsA sp;ltinl 
jtrurrum wrc dctcrtnincd by locttl structure un;llyris. Jimncc ~conrclrp crlcuhtian with progrzun DIANA end syucm;llic rurch for cncrgctisally 
ollowc~! &!c &in rotamew conrktcnt with PIOE!W cr&s-pcnk volume. The #ruelures ofti ttrc rimilrr in bath milicur and hnvc the right*hnnclcd 
ahcliwl reelan from Pro’ IQ MCI” with rdo~ mcun square dcvitition (RMSDI ~$0.25 A between bntkbonr hcvvy atoms and fit well with Pro’ 
to Met’: a.hclic;tl region in clcciron rrye-microscopy model ef bitetcriarhodo 

R 
rin. The N.tcrminal region Al&Gl~ of sA in orgunk mimturc has 

a fixed structure of two consecutive y.turnr AX 1 * &&Ii% tRMSD of 0.25 ) stubilixcd by the Thti Ntl4-C Gin’ and llc’ NM*~~O-C AIn’ 
bydrogcn bonds while this rcpion inSDS micclles Ins disordcrcd structure with RMSDof I.44 A for backbonchcwyrtomr. The C-tcrminel @on 
Gly”-Asp” of sA ir disordered in bo~lr milirur. Torsion ungle~’ ot’ sA were uncquivmz4ly dctcrmined for I3 (SDS) and I I (orunic mixture) 

ol’ a-hclir;d raiducs und urc idcnticul in both ailicur. 

NMR; Dirtuncc geometry; Miccllc; Uttctcrioq&n: Spatial structure 

1. INTRODUCl.ION 

BastcriolhuJopsin (BR) is a rransmcmbronc protein 
of 248 amino-acid residues, which acts us a light-driven 
proton pump in the purple membrane of Hddkrcreriu~n 
iulobiut~r (for review YCC [l]). According to the latest 
model of BR from clcctron cryo microscopy (KM) 
data, the spatial structure of the molecule consists of 
seven transmcmbrnns a-h&es A-G paskcd together 
121. This model providing description of general fold of 
BR is not reliable on the aiomis lcvcl bccnusc of low 
resolution of ECM. 

NMR spectroscopy is a powerful technique for the 
elucidation of the spatial structure of water-soluble pro- 
teins with a molecular mass of up to 30 kDa [3]. Unfor= 
tunatcly, the rcsonanses in NMR spectra of a mcm- 
brane protein incorporated in the bilnycr mcmbrunc or 
small liposomcs arc too brond to bc resolved individu- 
elly. Therefore the choice of an artificial medium con- 
serving the protein strusturc and providing high-rcsoiu- 

/Ihhrcviutiorrs: BR, buctcriorhodopsin; aA. (I46)buctcriuopwin; 
ECM, clcctron cryo microscopy; ?D. two-dimcnsionnl; NOESY, ?D 
homonuclcilr NOE spectroscopy: RMSD, rotit mc;ln squ;lrt dcviu- 
lion. 

Curreq~on&~~re n&t~csx AS, Arscnicv, Shcmpkin lnxtit!ltc of Uioor. 
gimic Chemistry, Rusainn Academy of Scicnccr. UI. Miklukho. 
Mtlkluyn 16110, MOUW, 117971. RUSSh. P~K: (7)(095) 310~7007. 
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tion NMR spectra is crucial for such studies. Due CO the 
limits of two dimensional (2D) ‘H-NMR methods or- 
ganic solvents or detergent miccllcs arc ussd as mcm= 
brane mimicking milieus. The detailed conformation of 
BR fragments in mcmbrnnc mimicking milieus son be 
obtained by 2D ‘H-NMR spcstrossopy, and these frag- 
ments might bc regarded as natural blocks as a basis of 
BR spatial structure rcsonstruction. Previously, thcses- 
ondary strusturc was dstcrmincd for bastsrioopsin syn- 
thctic transmcmbranc segments I3 (residues 34-65) [4,5], 
D (residues 102-136) [6], G (residues 205-231) [7] and 
protcolytic fragments BP2 (rcsiducs 163-231) [S] and C2 
(residues I-71) [9] solubilizcd in mcthanol-shloroform 
(I : 1). 0.1 M LiClO,. Scgnicnr B was also studied in 
sodium dodccyl-dzd sulfate (SDS) misclles (10,l 11. Hcrc 
WC present the comparison of ssgmcnt A (residues l-36) 
spatial structures in methanol-shloroform (l:l), 0.1 M 
LiCQ and SDS-dz5 miccllcs determined from NMR 
data. while the proton rcsonansc assignments and anal- 
ysis of secondary structures will be published in [12]. 
The strulcgy for sA spatial strusturc calculation is sim- 
ilar to that used for segment B in dctcrgcnt miccllcs [I 11, 

2. MATERIALS AND METHODS 

‘llc protcolytic hngmcnt (1-X) bactcriooprln (sA> was isolated as 
dcscrihcd in [I 31. Two-dimcnsio&tl ‘I-I.NMR NOESY (rcltixntlon 
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delay of I,2 Y and mirtlny time of I50 mr) and YOCSY (mixing time 
of45 mr) rpcclrrr of 3 mM solulion of sA in C?H>OHIC:HClr (I:!;. 
0.1 M X10, or in 0.24 M SDS*d:, in Hz0 in rhc prcscncc of 
irifluorocthnn&d, (TFEmdJ (20% by volume) wcrc recorded ill 600 
MHz (Varhn Unity 600 rpcctromctcr) LII 35*C, NOESY cross-peak 
volumes wcrc mcururcd by a CUNC fitting proecdurc (141. Nonsclcctivc 
spin lattice rclaxrtion times (T,) of individual protons wccc measured 
by the invcrsinn-rccovcry method. 

Thcor&al NQESY crossgcak volumes cxpcetcd for a conformu- 
tion of sA wcrc c~lcula~cd by di:~pnalizatinn of the complcW rclnxa. 
tion malriK and corrcc(cd in auordanec with proton rclnxation times 
7, as dcscrikd in (IS]. Far corr%tion wc ulicd mean TV’s for each 
group of protons: 1.0 L, indole NIH prrrtona 0.75 s, backbone NH 
prolonr; 1.3 I, uromntic protons and 0.6 s. alhcr sirlc chain protons. 

fhc intcgntion of the NUESY spccIrum of rA in SDS miccllcs or 
org.lnie mixture o;lvc volumes for 400 and 324 crow-pakr. rcspzc- 
tivcly. 282 unrl2Sti crorsqcttks wcrc unarnbiijuorrsly assigned and urcd 
to derive a scl of constraints for distnncc gcomctry culculvtionr with 
thcprogrum MARDlGRASfl6].An~ongthcnrIhcrctarctQI(SDS):rnd 
57 (orpnic mixture) squcntirl nnd 83 (SDS) and 74 (orp;rnic mixtlirc) 
mcdium.rrngc (1 c 11-A + 4. whcrc /,j arc rcsiduc numbers) cross. 
pcakr, The Iong+rngc(ji-/1> 4) wcrcnot prcscntcd in NOESY rpcclru, 
Qbrnincd fxlt;crns of NOE conncctivitics arc shown in Fiy. I. Also 42 
(SDS) Imd 36 (ortl;lnir mixture) distance restraints wcrc used to dcllnc 
21 and Itl hydrogen bonds within the &~cli~d region (rcsiducs S-32) 
that mrc idcl;liLd based on both NOE’r and amide prolonr dcu. 
tcrium cxcha~rgc dala (Fig. 1) [l2]. Prcliminrry structure calculations 
without inclusion of the hydrogen-bond rcstruint$ hrvc shown the 
predicted hydtogcz &nds to bc quite compatible with the cxpcrimcn. 
tally dcrivcd distance constraints. 

The rcronnructian of sA sptbl structure includes the following 
steps: (I) nn;llysir of the local structure nnd cvnlurlion of the cffcctivc 
rotntlonul corrclnticm time with the progrum CONFORNMR I1 1,171. 
(2) structurccalculetion with thcdirtanrc acamctry program DIANA 
[I%]. (3) the ryrrsmutic starch for dlowcd ride chain rotamcrs consis- 
tent with NOFZW crouqcak volumes using program CON- 
FORNMR. (4) DPANA calculations with additional conrtniinlr on 
the torsion tin&s of side chains obmincd ut stey)c 3. and (5) unrc. 
strained energy mhimixution with thcprogmm CONFORNMR using 
the ECEPW force field [WI. 

The local structure of SD wus analyrcd wing the F,(cp,~#~,r,) de- 
pcndcnclcs [I71 Ibr cilch dipcplidc unit i of IIIC polyppIidc included 
all protons of rcsiduc i and umidc proton of rcsiduc i+ I, The corrcla. 
tion time rd was dcrcrmincd as a minimum of F,(r,) dqxndcncc for 
each dipcptidc unit, whcrc P;(r,) is a &bill minimum value of 
fi:(q,v& at II given rg. For sA in SDS micclles the oplimum vuluc of 
& was wilhin the rungc of 5-7 ns for most dipcpIidc unirx, while this 
time for PA In organic mixture w;1s v&thin S-6 ns. so in further compua 
tutionr WC used Ihc mean values ofcorrclntion times r, of I und 5 ns, 
rcrpcctivcly. As rcrullr wc obrninrd 28 (SDS) and 3 I (organic mixture) 
rcstruinlr on cp and y nnglcr und ulso 32 (SDS) und 3i (organic 
mixture) rcsstrnintr an x’ and X: angles. 

Struclurcr wcrc fxlculaIcd using lhc Frogrum DIANA /ItI] by opli. 
miring randomly gcncmtcd starling conformations according LO 
nandard protocol, Spcciel rltcbltion wa:. paid to the Ala:-GlyL rcpion 
of nA in the organic mixture, whcrc slow dcutcrium c~cl~r~~gc of ;Imidc 
protons wnndctccIcd and NOE pattern dccs not corrclntc with rcguhlr 
&helix (Fig, I ). 

The aliowcd side chain conformations in the r&on 8-32 with Ihc 
d&cd a*hcliE;II backbone sIrucIurc wn bc found when comparing 
Ihc prnirlty functions F, nnd rcluGvc conformational cncrgy AE for iIll 
porsihlc ride chain rotilmcrs of the given rcsidurs [I 1,171. WC chose 
DIANA conformution wilh chc lowest value of the penalty funcIion 
us II morting one, but Ihc rcsulld wcrc nr)t dependent on Ihc sttirl. The 
storhg SA canformution was refined using cncrgy rninimi?Aon by 
CONFOKNMR [17] with ECEPP/? puramctcrr [l91. Then for cxh 
rcsiduc I all side chain rotemcrs wcrc considsrcd will1 the cncrgy 

Fig. I, Amino-ticid scqucncc af (I-36)hrclerioupin and survey of Ihc 
NOE connccIlviticr in (to) ntclhailol-clllorofo~, 0.1 M LiClO, solu- 
Iion und (b) SDS& miccllu; pQdcnctcr pyroglutamic acid rcsiduc. 
The Ihirkncss of lines corrcrpondri to cross-pci& volumes and riphI* 
mosI column rhowr the NOE pultcrn expected for P residue in lhc 
wnoniarl righI.h;mdcd a-helix. Ovcrlnpping crosr.praks arc dcnotd 
by filled circles. Residues with slowly cxch;mging amide protons arc 
indic;ltcd by filled squnm und ~lwc prcscnrcd only in the first ofscts 
of 20 NOESY spectrii used 14 dctcrminc dcutcrillm cxchungc r~tn of 

umidc proIons indic;lIcd by open sclurru. 

minimiwlion and pcnt\hy funcIinn cvuluntion for Ihc region i 2 5 of 
Ihc &helix. All ro1timcrs wiIh F, l : y + 0.1 A (whcrc r is minimum 
villuc F, for ride chain roliimcrs of Ihc given rwiduc i) wcrc considcrcd 
in ;IgrccmcnI with NOESY crorqxakr volumes, If xvcral rolamcr, 
met IIIC ubovc conditions WC used conformalional cncrgy as an oddi- 
tional criterion and rlcctcd only roltimcrs with the energy less lhun 
5 kc;ll/mol rclalivc IO Ihc lowcrt energy for the i C 5 rcglon. All allowed 
side chain rol~mcrs dctcrmincd ut this rlagc xc listed in Table I. 

The finul seicts of sA conformations wcrc gcncrutul using DIANA 
with nddiGona1 constmintr on j$ und 2 torsion unglcs coming from 
the previous stage. The variation ofp nnd y angle& which chilrucIcri;ec 
the quality of the ohIaincd bxkbonc s1ructurc is prcscntccl in Fig. 2. 

3. RESULTS AND DISCUSSION 

The sets of the 16 best DIANA cmforndone of sA 
in org;mic mixture or SDS miccllcs with final target 
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Taiblc 1 

Pcnulty Pnxlionv F, ! 4) und nlutivc cncryirs dE (kc&mol) eulcul.Wd 
for tbc i f 5 rs;ibia with y’, B- and I ralumcw afCP-C? bond S~~~UC 
i, amounts or NOESY crorrqxakr (N) used for ~lculalion of F, rend 
alkwcd side chain rotama of CO-C? bond found for Ihc 9-32 region 
of sA In melhzmal-chlorofonn (I : 11.0. I M LiClO, (upper lint) und 

SDS+, miccllcr (lower line1 

Residue F, (A, .di? (&ctiVmal) N Allated 
rolnmcr 

8’ 6. t I’ 8’ t 

Glu’ 

Trp’O 

llc” 

Trp’: 

l&d’ 

ld 

Thr” 

LCLP 

MCP 

b”” 

Th?’ 

Ld 

TyP 

Phc:’ 

LCU:’ 

Yiil” 

Ly!? 

MCI’: 

- _ - 
0.08 0.23 0.10 

0.32 0.47 0.29 
0.65 0093 0.17 

0.15 0.61 0.46 
0.09 0.52 0.42 

0.09 0.24 0.10 
0.14 0.65 0.06 

0.34 0.23 0.19 
0.14 0.41 0.06 

O,l? ox 0.24 
0.15 0.57 0.09 

0.08 0.34 0.36 
0.10 0.37 0.40 

0,03 o-37 0.04 
O-53 0.58 0.10 

0.20 0.36 0.17 
0,09 0.33 0.57 

0.16 O.?H 0.35 
0,II 0.31 0.02 

0.20 0.45 0.69 
0.14 0.30 0.42 

0.14 0.30 0.18 
0.15 0.32 0.06 

0.82 OJ7 0.21 
0.16 0.79 0.06 

0.48 0.50 0.21 
0.50 0.40 0.02 

0011 0.69 0,ll 
0.28 0.50 0.29 

0.33 0.38 0.29 
0.20 0.24 0.23 

0.33 0.69 0,23 
0.20 0.26 0.36 

0.18 0.59 0.14 
0.18 0.22 0.40 

1’ ._ ;.6 o:O -5 

7.4 18.9 0.0 7 
206 2631 0.0 9 

0.0 IO.4 0.9 I3 
0.0 7.0 5.0 I7 

I,3 17.4 0.0 8 
5-4 I%.4 I.8 IO 

1.9 13.9 0.0 5 
1.7 14.3 0.0 I2 

IS 6,4 0.0 5 
1.S 7.2 0.0 6 

0.0 6.5 10.0 IO 
o-0 3-g 7.1 7 

I.1 ll,O 0.0 2 
0.0 12.0 0.6 5 

1.2 5.2 0.0 7 
I.4 5.4 0.0 I6 

0.6 4,9 0.0 7 
2.1 501 0.0 6 

0.0 6811 II.1 I2 
0.0 4.1 IO.2 4 

0.0 14.1 0.6 I I 
1.7 7,o 0.0 6 

0.0 IO,0 2.4 I9 
2.7 II,0 0.0 9 

1.6 8.3 0.0 6 
I.3 IO,0 0.Q 3 

0.8 14.8 0.0 2 
0.7 8.3 0.0 IO 

10.2 6.8 0.0 I? 
9,9 7.5 0.0 I4 

2.2 5,7 0,o I3 
0.8 3.5 0.0 9 

2.5 5.8 0.0 10 l 

0.0 2.4 0.8 5 ;,;- 

Tlrc g’. g- and t roiamcrs around the C-t? bond corrcrpondcd toe’ 
torsion nnglc intcFvnls -60 + 30,60 + 30 und 180 f 30.. Outlined P; 
and dE virlucs correspond to rolim~crs urounc? the CPG bond with 
the lowest value of p,;. so for the %amc roinmcr around C?-Cfl bond, 
conformtitional cncrgy might slightly differ in org;lnic mjaturc nnd 
miccllcs. Cross-pcakr, the volumca of which wcukly dcpcnd on hc side 
chain oricnlation, wcrc excluded from F,‘s to get n bc~cr discriminn. 
tion of side chain rotumcrs. Glu” HN rcsonuncc wus noi assigned in 
lhc NUESY spccrrum 3f IA in mclhanol-chlor~form (I:l), O,I M 

LiClO, [ 121. 
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Fig. 2. TOMiOn unglcs cp and y in 16 fi11al DIANA c~nfonn;~tions of 
sA in (II) mctnunal-chloroform, 0.1 M LiCIO, solution ;Ind (b) SDS. 

dzs miccllcs ploltcd versus tbc rcslduc number. 

functions less than 2.9. sum of residual violations of 
upper distance limits <11 A, stcric repulsing ~2 A and 
torsion angle constraints ~13 A3 were obtained. The 
maximum values of individual violations of these kinds 
wcrc less than 0.8 A, 0.3 A, and 7 A in both sets of 
conformations, After energy minimization thcsc confor- 
mations were in good agreement with NOE data as can 
bc seen from the mean values of F, = 0.25 (SDS) and 
0.33 (organic mixture) A (Tablc II), This function teprc- 
scnts the avcragc difference bcrwccn the experimental 
and calculated NOESY cross-peak volumes expressed 
in terms of distance mismatches and can bc considered 
as an accuracy of the structure dctcrmination [ 111. The 
values of RMSD characterize the sA structure from the 
other viswpoint, whish is a variation between the con- 
formations in accordoncc with the cxpcrimental data 
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Fiy, 3. S~crcovicw of superpositions for minimum RMSD of the buckbonc hcevy atoms of I2 conformations of the l-6 hgmcn~ or sA in 
mcthunot-clilorofonn (l:I).O.l M LiCIO, riolutian rclincd by cncrpy minimization wilh lhc progrm CONFORNMR [I 1,171. All backbonc atoms. 
ull ride chin hcavf hams und hydrogen bonds (dushcd lines) arc shown. Poshions of C atoms urc denoted by lhcircorrcspondinp residue number. 

(Table II), The a-helical region Pro”-Met’? is well dc- 
fined for sA in the organic mixture as well rls in SDS 
miccllcs with rather smnll RMSD of atom‘s coordinates 

(see Fig. 2. Table II). The C-tcrmind region Gly”- 
Asp?’ is disordered in both milieus. The Ntcrminul 
region Ala’-Gly’ in organic mixture! hns ti fixed strut- 

Table It 

Allltlyris of the linul LEIS of I6 sA canform;ltions in SDS& nriccllcs and mcUl;lnol-chloroform (I: I). 0.1 M LiCiO, 

Quantity SDS& nriccllcs Mcihanol-chloroform (I:l). 
0.1 M LiCIO, 

Number of NOESY crousqxakr 

Pcnnlty function F, (A) 

Number of NOE violations 
with dr > I.0 A 
wilt1 dr > OS A 

ECEW2 [i9] energy (kwVmo1) -210 + 8 

Rirwisc RMSD (A) of buckbonc hcuvy atoms of ro iducs: 
I-36 
2-6 
S-32 

all lrcuvy utoms of rcsiducs: 
l-36 
1-6 
u-32 

3.17 f I.57 
1.44 ?: 0.54 
0.25 +, 0.07 

3.92 f I.57 
2.30 2 0.91 
I.08 f 0.22 

Puirwisc RMSD (A) of the 16final NMR conformu~ions to the ECM m&l 
[2] of tbc bxkhoac hcuvy atoms of rcsiducs: 

8-32 
all heavy uloms of rcsiducs: 

8-32 

400 

0.25 t 0.01 

321 
27 t 4 

1.23 j: 0.17 

2.69 f 0.34 

324 

0.33 f 0.02 

321 
41 2s 

-205 i I2 

3 9’ + 0.70 .-_ 
0.25 z 0.12 
0.26 f 0,06 

4%) 2 0,80 
0.61 2 0.16 
I.25 -c 0.23 

1.34 * 0.16 

2,70 4, 0.31 

Tbc dtili\ arc rcprcacnlcd us rncan vnluc P SD. Ar is the distance mismatch corrcspnding to the dcviution of cxpcrimcntnl and thcorcrically 
cvuluaicd NOESY cross-peak volumes [I 1,20]. 
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Fig. 4. Stcrcovicw of superpositions of the Id finid conformotionr for minimum RMSD of the backbone hcuvy atoms in the 8-32 region of rA 
in (n) mcthunol-chloroform (I:l), 0.1 M LiCIO, solution iInd (b) SDSad?, miccltn6 All hctlvy iitonls of sA urc shown, Rwiducs Pro’ snd Met’: 

tire mrrrkcd by their corresponding numbers. 

turc of two consccutivc y-turns as 2 * 2,-helix (RMSD 
of025 A) stubilizcd by the 11s’ NH+aOC Ala’ and Thr’ 
NH*4C Gln3 hydrogen bonds (Fig:. 3) that slow down 
the dcuterium exchange rates of Ilc4 and Thr5 amide 
protons (see Fig. 1). The third y-turn with participation 
of the Gly” residue sctims to be unstable due to faster 
dcutcrium exchange of the amide Froton of Gly6 than 
that of UC* and Thr5. This region of sA in SDS miccllcs 
has an extended structure with RMSD of I.44 A 
for backbone heavy atoms (Table II) and the dcuter- 

ium exchange rates of amide protons less than 0,s h 
(Fig. I), 

The uncertainty of the backbone structure in the 
Gly6-Arg’ hinge region of sA in organic mixture is con- 
firmed by very broad allowed arca in py maps ob- 
taincd in the stage of local strusture analysis oCGly6 and 
Arg’ rcsiducs. The mobility and length of the hinge 
allows the 2-5 region and o-helical region to adopt a 
large number of mui;;nl xicntatians (see Fig. Uaj, Con- 
trary to the jsctropic milieu of the organic mixture, the 



Vo!umc 508, number 2 FEDS LETTERS August 1992 

Fig: Jb. 

allowed conformational space for Th?-Gly’-Arg’ rc- 
gion of sA in SDS miccllcs (which is mom suitable 
model for csscntially anisotropic native mcmbranc cnvi- 
ronment) is fairly restricted (scs Fig, 2b). This fast in 
conjunction with the cxtcndcd conformations of rcsi- 
dues Ala2-Thr5 define rather fixed angle of about 70” 
between axes of &helix and Co-atom’s best fitted lint of 
the Ala2-Thr’ region. The variation of the y angle of 
Arg’ leads to the veer-like distribution of the l-6 region 
(Figs, 2b and 4b) over suggcstcd miccllc surface. Altcr- 
ation of hydrophobic and hydrophilic residues in the 
1-7 region implies in the case of the extended conforma- 
tion that one side of the structure is mostly hydrophobic 
and the other hydrophilic, providing optimal interac- 
tions of the N-tcrn;Inal 1-7 rcgian of sA with the 
micellc-water intcrfaoc. In the purple mcmbranc. the 
l-7 region of RR might play the role of an anchor to 
stabilize the position of the &-helix across the mcm- 
branc, The 2-6 region of sA in the isotropic milieu of 
the organic mixmrc dots not have a prcfcrrcd oricnta- 

1 

;ion in respect to the a-helical region (Fig. 4a) cvcn the 
Z-6 region itself has a rather fixsd structure of a 2 * 
2,-helix with the compound y-turn pattern of hydrogen 
sonds [21] (Fig. 3). 

The length of 35 A of the sA a-hclicai region is 
:nough to penctratc a lipid bilaycr_ The mobility of 
nost side chains within the a-helical region of sA is 
:cstrictcd: the vulucs of x1 wcrc uncquivooally dctcr- 
nined for 78% (SDS) and 61% (organic mixture) of the 
r-hclioal rcsiducs (Table 1). The rotamcr consistent with 
:hc NOE data was ncvcr cncrgctically unfavorable. The 
;Illowcd side chain rotamcrs are identical for most rcsi- 
dues of sA in the SDS miccllcs and the orgimic mixture 
which might rcflcct rcscmblanoc of the hydrophabic 
mvironmcnt of sA in t!lis two mcmbranc-mimicking 
milieus. Thcsc highly restricted side chains might also 
play an csscntial role in the mutual recognition of trans- 
mcmbranc scgmcnts of the RR molcoulc. 

A rcmarkablc feature of sA in the organic mixture is 
3 rather low cxchangc rate of the side chain Hy’O pro- 
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tons of the Thr residues that mndc it possible to assign 
rcsonunccs of thcsc protons of Thr” und Thr:‘. WC 
observed NUESY crosr=pcuks of H”O Thr”/HN Lcu”, 
HY’O Thr”/C”H Lcu”. H”0 Thr”/CYH Ala” and 
H”0 Th+‘/C+“H Gly” protons. Those cross-pcuks 
define the oricntutions of the side chain Hr’U groups Q’ 
= -60’) of Thr” and Th?’ and make them optimal for 
the formation of COi-d**n H”Oi hydrogen bonds, For- 
mation of these hydrogen bonds couscs wc;lkcning of 
the a-hcliwl buckbone hydrogen bonds due to compcti= 
tion ktwccn the HP’0 and HN yroups for P C-O 
partner that will Icad to a rclztivcly fast dcutcrium cx- 
change for the amide protons of Thr” and Th?’ (Fig. 
la). The involvement of a polar Hr’G group in the 
intramolcculor hydrogen bond makes it less exposed to 
the non-polar milieu surrounding it. For sA in SDS 
miccllcs the side chain H”O rcsontlnccs wcrc not ob= 
served, but the rclativcly fast dcutcrium cxchrrngc of the 
amide protons of Thr” and Th?’ (Fig. lb) might also 
point to the presence of the ubovc Thr side chain hydro- 
gcn bonds in an SDS micsllc environment, 

According to the ECM drrto. BR of the purple mem- 
brane contains the a-helix located within the 8 to 32 
region [2] and the same er-hclisal region was delineated 
in the secondary structure analysis of the protcolytic 
fragment, (l-71)bactcriorhodopsin. in mcthnnol-chlo- 
reform (1:l). 0.1 M LiClO, solution [S]. Thus, the sA 
and C2 buckbone conformations in o mcmbronc.mim- 
icking environment arc in good ugrecmcnt with the 
ECM model of the native BR structure. It is still diffi- 
cult to check the obtained conformrrtions of the sA side 
chains against those reported for the ECM model of BR 
121, since this model provides unrclinblc side chain ori. 
cntations for most residues [20]. 

The present results show thstt NMR spectroscopy 
might play a unique role in the dclincuting of the sputiol 
srructurcs of transmcmbrnnc frrrgmcnts of membrane 
proteins in artificial milieus. These structures might be 
considcrcd as building blocks of the entire molcculcs. 

Thus, NMR spectroscopy should be very instructive for 
the refinement of the BR spatial structure. 
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