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Solution Structure of Endothelin B Receptor Selective 
Antagonist RES-701-1 Determined by 1H NMR Spectroscopy 
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Abstract--The three-dimensional structure of the endothelin B receptor (ETB) selective antagonist RES-701-1 has been 
determined by ~H NMR in deuterated dimethyl sulphoxide. RES-701-1 consists of 16 amino acid residues with a novel internal 
linkage between the [~-catboxyl groupof Asp9 and the c~-amino group of Glyl. The structural calculations were carried out with 
the combined use of distance geometry and simulated annealing. The result indicates that RES-701-1 adopts an extraordinary 
folding; the 'tail' (Trpl0-Trpl6) passes through the 'ring' region (Glyl-Asp9). Several critical NOEs directly support this 
extraordinary folding. The folding of RES-701-1 turned out to be the same as that Fr~het eta/. calculated for RP 71955 which 
possesses the same internal linkage as RES-701-1. The obtained structure suggested that the region consisting of Thr6, Ala7, 
Tyrl4 and Tyrl5 and/or, the region consisting of Ash2, Tyrl4 and Tyrl5 are involved in a binding with El" B. 

In t roduct ion  chemical hydrolysis, and FABMS spectroscopy. ~9 This 
antagonist possesses a novel structure, i.e., an internal 

Endothelin-I (ET-I), fast isolated from endothelial linkage between the ~-carboxyl group of Asp9 and the 
cells, is a 21 amino acid peptide with two disulfide ~-amino group of Glyl. Thus it is divided into two 
bonds. It exhibits the most potent and long lasting regions, i.e., the "ring' (Glyl-Asp9) and the 'tail' 
activity of any vasoconstrictor known, i Two isoforms (Trpl0-Trpl6).  
(ET-2, ET-3) have been identified so far. 2 These three 
peptides mediate many biological responses in cardio- There are many publications on the three-dimensional 
vascular and non-cardiovascular tissue through binding (3-D) structures of ET A selective antagonists such as 
to two different types of receptors, ETA and ETB. The BQ-123 and BE-18257B. 2°-~ However, there have been 
amino acid sequences of ET-I, -2 and -3 are listed in no reports on that of an ETs selective antagonist. Here 
Figure I. ET A exhibits the affinity rank order: ET-I _> we show the 3-D structure of the ET s selective antag- 
ET-2 > ET-33-5, and ETs possesses similar affinities for onist, RES-701-1, based on ~H NMR, combined cal- 
all three endothelins, s-s ET-3 is a relatively selective culations of distance geometry (DG) and simulated 
ETa agonist. Since ET-receptor antagonists may possess annealing (SA), and NOESY back calculations using a 
therapeutic efficiency in cardiovascular disease, renal full-relaxation matrix. The resulting structure is corn- 
disease and asthma, 9 extensive efforts to understand pared with the solution structure of RP 71955 deter- 
their structure-activity relationships have been con- mined by Fr~he t  et al., u which possesses the same 
ducted in recent years. In order to obtain structural internal linkage as RES-701-1 (Fig. I). The structure- 
information, the solution structures of ET receptor activity relationship of  RF~-701-1 is discussed on the 
ligands have been studied by IH NMR. ~°-17 The con- basis of the receptor binding affinities of RES-701-1 
sensus structure between ET-I and ET-3 has been derivatives, the solution structure of ET-3 reported by 
shown to be helical between the residues Lys9 and Mills et al. ~° and the nonselective antagonist, 
Cysl5. The structure of the C-terminal hexapeptide SB20967025 (Fig. I). The structures of ETe selective 
remains obscure due to the different solvent systems antagonists are expected to broaden our understanding 
used in the experiments. The C-terminal region of ET-3 of the difference in ligand-binding affinity between ETa 
was proposed to fold back towards the helical region, and ETA. 
resulting in the formation of the hydrophobic core that 
was considered to be indispensable for activity. |° 

Results 
In addition to the study on ET-receptor agonists, it is 
essential to find specific ET-receptor antagonists to Sequential assignments and secondary structure ele- 
elucidate the physiological and pathophysiological ments  
significance of ET. We have isolated a novel ETa 
selective antagonist RES-701-1 (IC~o = 10 nM). n The Assignments of the proton resonances were performed 
amino acid sequence is indicated in Figure 1. The by the sequence specific assignment strategy of 
primary structure of RES-701-1 was determined by the Wtithrich. 26 The proton chemical shifts of RES-701-1 
sequencing of peptide fragments obtained by limited are listed in Table 1. The type and relative intensities 
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ET-1 I [ ] I 
Cys Ser Cys Ser Ser Leu Met Asp Lye GIu Cys Val Tyr Phe Cys His Leu Asp lie lie Trp 

I I I i 
ET-2 Cys Ser Cys Set Ser Tq) Leu Asp Lys Glu Cys Val Tyr Phe Cys His Leu Asp lie lie Trp 

ET-3 Cys Thr Cys Phe Thr Tyr Lys Asp Lys Glu Cys Val Tyr Tyr Cys His Leu Asp lie lie Trp 

1 9 16 
i I 

RES-701-1 Gly Am Tq) His Gly Thr Ala Pro Asp Trp Phe Phe Asn Tyr Tyr Trp 

OCH3 

SB209670  

1 7 9 13 19 21 

I , I , I 
• RP-71955 CysLeuGlylle GlySerCysAsnAspPheAlaGlyCysGly TyrAlaValValCys PhedTrp 

Figure 1. Amino acid sequence of ET-I, ET-2, ET-3, RES-701-1, SB209670 and RP 71955. For the labeling of SB209670, see Discussion. 

of the sequential and longer NOEs are summarized in like structure. The presence of a strong NOE between 
Figure 2, these can yield clues to identify the see- the C a l l  of Ala7 and the C6H of Pro8 indicates the 
ondary structures. A strong d~ij) NOE between the exclusive adoption of a t r a n s  peptide bond. The strong 
C a l l  of Pro8 and Asnl3, a strong d~(ij ) NOE between sequential cl~ NOEs for the Asnl3-Trpl6 region sug- 
the C a l l  of Asnl3 and the NH of Asp9, and a weak gest an extended structure. In addition, several NOEs 
do~(ij) NOE between the C a l l  of  Pro8 and the NH of indicating an interaction between the 'tail' and 'ring' 
Tyr l4were  observed (Fig. 2). These NOEs reveal the regions were observed (Fig. 2). Especially the 
presence of an antiparallel 15-sbeet structure formed Asnl3CI3H--GIy5NH NOE, the Asnl3C~H--Gly5CaI-Is 
between the segments Ala7 to Asp9 and Pbel2 to NOEs and the Asnl3NHz-His4CaH NOE suggest that 
Tyrl4. Observation of a weak d~¢i,i +2) NOE between the the sidechain of  Asnl3 is close to the backbone atoms 
residues Gly5 and Ala7 indicates the presence of a turn of the His4--Gly5 segment of the 'ring'. 

Table 1. ~H Chemical shift Table of RES-701-1 in DMSO at 30 °C* 

residue NH Cff~I C~H others 

G1 8.54 4.25,3.50 
N2 9.10 4.92 H~3 2.46,H1~2 3.20 NH: 7.51,7.20 
W3 8.06 4.36 2.91 H2 6.94,H4 7.42,H5 6.83,1-16 7.02,H7 7.30, NH 10.78 
1-14 7.64 4.82 I-I~3 2.76,H132 3.00 H2 9.0"/,H4 6.89 
G5 7.97 4.40,3.60 
T6 7.92 4.33 4.41 'ylVle 1.10 
A7 7.86 4.76 1.22 
P8 4.96 2.00 ~ 1.88,1.96, 51-13.68 
139 7.64 4.53 2.66, 3.08 

Wl0 7.80 4.00 H~3 3.06, HI32 2.84 H2 6.92,I-14 7.42,H5 6.96,H6 7.02, H7 7.30, NII 10.73 
F11 7.22 4.38 2.53,2.62 H2,6 6.95,H3,5 7.16,H4 7.24 
F12 8.54 4.25 HI33 3.22,H132 2.80 H2,6 6.95,H3,5 7.16 H4 7.28 
N13 8.02 5.48 H133 1.98,H1~2 2.25 Nil 2 6.76,6.53 
YI4 8.49 4.83 2.66 H2,6 6.90, 1-13,5 6.60 
Y15 8.43 4.51 2.84 H2,6 6.88, H3,5 6.53 
W16 7.57 4.43 H[~3 2.84,I-I~2 3.06 H2 7.23,H4 7.47,H5 6.96,H6 7.02,H7 7.33, NH 10.48 

*Chemical shifts are referenced internally to the methyl resonance of DMSO-d 6 at 2.5 ppm. 
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Figure 2. NOE connectivities and coupling constants of RES-70I-I. The thickness of bars indicates the intensity of HOE cross peaks. The C~I 
proton was substituted for the NH proton for ProS. For H-D exchange rate, closed circle indicates that the H-D exchange rate was very slow (see 
text). For temperature coefficients, open circle indicates that 5 < Aft/AT, open square, that 3 < Af/AT < 5, closed square, I < AS/AT < 3 ppb K -m, 
closed circle, AS/AT < 1 ppb K -I. For coupling constants, a closed square indicates that J > 9 Hz, an open square, that 5 < J < 9 Hz, an open 

circle, that J < 5 Hz. 

Determination of the three dimensional structure Trpl6,  did not give any inter-residue NOE. A systematic 
analysis o f  the obtained structures was undertaken using 

After the DADAS calculations, 50 structures with best- the ¢ and ¥ angle by X-PLOR. Calculated structures 
satisfied NMR restraints were used for further SA 
refinements. Figure 3 shows the backbone atoms of  46 Table 2. Structural statistics of RES-701-1 
refined structures o f  RES-701-1. This figure shows that 
RES-701-1 adopts an~ extraordinary folding; the ' tail '  X-PLORpotential energies 
region passes through the ' r ing'  region. Table 2 shows E total (kcal tool t)  28.51 +0.56 

E bond 1.28 + 0.04 
the structural statistics and the root mean square Eangle 25.19+0.29 
deviation (rmsd) values o f  RES-701-1. The energies due E improper 1.62 ¢ 0.07 
to the constraints (E noe and E cdih in Table 2) were Evdw 0.29+0.18 
low in comparison with the total energy. For the 46 E noe 0.06 ¢0.08 
accepted structures among the 50 calculated ones, the E cdih 0.01 ¢ 0.02 
distance constraint violations were less than 0.2 ,~ and Rmsd from idealized geometry used within X-PLOR 
angle constraint violations were less than 5 °. The root bond (A) 0.00 + 0.00 
mean square (rms) differences for angle deviations from angle (degree) 0.59 + 0.00 
the ideal were less than 2 ° and rms differences for bond improper (degree) 0.23 + 0.00 
deviations from the ideal were less than 0.01 /~. The 
average rmsd per residue for 46 accepted structures is Rmsd from experimental restraints 

noe 0D 0.00 ± 0.00 
shown in Figure 4. The backbone atoms of  all residues cdih (degree) 0.05 ± 0.06 
except Trpl6  are well defined. The sidechain orien- 
tations o f  Trp3, Trpl0,  P h e l l ,  Tyr l5  and Trp l6  were Rmsd (A) 
not well defined. This is probably due to the fact that back bone (1-15) 0.51 ±0.31 
the aromatic ring protons o f  these residues, except  heavy atoms (1-15) 1.51 ±0.51 
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Figure 3. Stereoview of backbone atoms (N, Ca, C) and the linkage carbons (C[3 and Cy of Asp9) of a family of 46 structures of RES-701-1. 
The structures were each superimposed for minimum pairwise rmsd values of the back bone atoms. 

which satisfied NMR constraints possessed no ~b and ~ The average structure of  46 SA structures was directly 
angles in the forbidden region (data not shown), refined to the NOE intensities by monitoring the R- 

factor. For the R-factor, values of  0.123 and 0.103 were 
obtained before and after the refinement, respectively. 
The empirical terms of  X-PLOR energy hardly changed 

3 t . I after tbe refinement" A value Of 3 ns was fOund tO give 
2.5 O - -  9"-.o, ,,' the best consistency between the calculated and ob- 
2 o, : ,,, / served NOE intensifies. Figure 5 shows the ribbon repre- 

/ sentafion of  backbone atoms with the heavy atoms of ] i~ /" "o "b,, ,,,~ ] ' ', o : ', ,' _ _  the sidechains of  the refined structure. 
I "d ",, ,,," "-, / '15' / 
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Figure 4. Average rmsd of the structures refined by X-PLOR. Solid We have determined the three dimensional structure of  
line indicated backbone atoms and dashed line, heavy atoms, the ETB selective antagonist,  RES-701-1. The resulting 

"8 

' • #! I 7 

5 

Figure 5. Ribbon representation of RES-701-1. Shown is the structure obtained after the direct refinement to NOE intensities. For the dotted 
lines, see text. 
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structure indicated that RES-701-1 adopts a novel and which are involved in the hydrogen bonds in the 13-sheet 
extraordinary structure, i.e., the 'tail' passes through the segment are expected to possess low temperature eoef- 
'ring' region. As shown in Figure 5, the Phel2-Asnl3 ficients. On the contrary, the amide proton of Asnl3 is 
segment of the 'tail' lies above the Glyl-Trp3 of the expected to exhibit a large temperature coefficient 
'ring', and the Tyrl4-Tyrl5 segment of the 'tail' is because the amide proton of Asnl3 is not involved in 
found below the Oly5--Ala7 of the 'ring'. There are two the hydrogen bonds of the 13-sheet segment. The results 
possible cases concerning the relative position of the are shown in Figure 2. Although the susceptibility to 
Pbel2-Asnl3 segment to the Glyl-Trp3 segment. One temperature of the amide proton chemical shifts of 
is that the Phel2-Asnl3 segment is above the Glyl-  Ala7, Asp9 and Tyrl4 were low as expected (ca < 1 
Trp3, and the other is below. Similarly there are two ppb K-m), those of Asnl3 were also low (ca < 1 ppb 
possible cases concerning the relative position of the K-'), contrary to the expectation. These residues also 
Tyrl4-Tyrl5 segment to the Gly5-Ala7 segment. Here exhibit very slow amide proton H-D exchange rates 
we consider why the relative positions between the (Fig. 2); amide protons of these residues were observed 
above segments are defined, as shown in Figure 5. even after 17 h from the addition of 1320. The unex- 

pectedly low susceptibility to temperature of the amide 
The Ala7-Asp9 and Phel2-Tyrl4 segments form a ~ proton chemical shifts of Asnl3 can be explained by 
sheet structure with the Pro8 CIXH and the Asnl3 CIXH the obtained structure. In Figure 5, the amide proton of 
located 'face-to-face', as supported by a strong NOE Asnl3 can be considered to be hydrogen bonded to the 
between them. In Figure 5, the proline ring of Pro8 is carbonyl oxygen of Asn2, since the distance between 
located above the backbone ribbon of the Ala7-Asp9 these atoms is only 2.0 /~. Thus the results of the 
segment. In 13-sheet structures, the sidechains of two susceptibility to temperature of the amide proton 
consecutive residues stick out in opposite directions chemical shifts are rationally explained by the obtained 
with respect to the backbone ribbon. Thus the sidechain structure. 
of Asp9 which is the next residue to Pro8 is below the 
backbone ribbon of the Ala7-Asp9 segment. Since the From these results, we concluded that RES-701-1 
sideehain of Asp9 makes linkage with Glyl, the Glyl-  adopts the 'lasso' structure. From NMR analysis of the 
Trp3 segment could not be above the backbone ribbon synthetic RES-701-1 we found that the 3-D structure of 
of the antiparallel 13-sheet segments in Figure 5. Thus the synthetic RES-701-1 is completely different from 
the Phel2-Asnl3 segment must be above the Glyl-  that of the authentic RF_,S-701-1. 28 No NOEs were 
Trp3. The relative position of the Phel2-Asnl3 segment observed between the 'tail' and the 'ring' in the 
to the Glyl-Trp3 segment is defined in this way. synthetic RES-701-1, suggesting that it does not adopt 

the 'lasso' structure observed in the authentic RES-701- 
Several NOEs were observed between the sidechains of 1. Although both peptides were confmned to possess the 
Asnl3 and the backbone atoms of the His4--Gly5 seg- same primary structures by NMR and FABMS, the 
ment of the 'ring' (Fig. 5, dotted lines). This indicated synthetic RES-701-1 does not exhibit the activity. 27~ 
that the sideehaln of Asnl3 is close to the backbone of Therefore we suggest here that it is the 'lasso' structure 
the His4--Gly5 segment of the 'ring'. As discussed of the authentic RES-701-1 that possesses the ETa 
above, the Pbel2-Asnl3 segment lies above the Glyl-  selective activity and not the structure of the synthetic 
Trp3. If one tries to put the sideehain of Asnl3 close to RES-701-1. The details of the comparison between the 
the backbone protons of the His4--Gly5 segment under synthetic and the authentic RES-701-1 will be reported 
these circumstances, the Tyrl4-Tyrl5 segment must be elsewhere.2S 
located below the GlyS-Ala7 segment to avoid steric 
hindrance from the sideehain of Tyrl4. It should be 
noted that the sideehain of Asnl3 and that of Tyrl4 Recently, a folding similar to RES-701-1, was reported 
stick out in opposite directions with respect to the by Fr~chet et al. for anti-HIV protein RP 71955. 24 RP 
backbone ribbon, since Asnl3 and Tyrl4 are two 71955 consists of 21 amino acid residues with 2 di- 

sulfide bonds and the same internal linkage as that of consecutive residues of a 15-sheet. Thus the relative pos- 
ition of the Tyrl4-Tyrl5 segment to the Gly5-Ala7 RES-701-1, i.e., the internal linkage between lS-carbonyl 
segment is defined. In summary, the Phel2-Asnl3 group of Asp9 and Ix-amino group of the N-terminal 
segment of the 'tail' is above the Glyl-Trp3 segment of residue (Fig. 1). The Cys7-Asp9 segment in the 'ring' 
the 'ring', and the Tyrl4-Tyrl5 segment of the 'tail' is region of RP 71955 was involved in the 13-sheet struc- 
below the GlyS-Ala7 segment of the 'ring' in the view ture, and this position of the [3-sheet segment is the 
of Figure 5. Thus the 'lasso' structure is deduced same as that of RES-701-1. Since the rmsd of the 'ring' 
directly on the basis of the critical NOEs. This re- region between the average structure of RES-701-1 and 
markable structural feature is also confirmed by the that of RP 71955 was only 1.0 J~, the internal linkage 
structure calculation involving all experimental data as may play a role in determining the structure of the 
shown in Figure 3. 'ring' region. 

In order to obtain further information to support this In the 3-D structure of RP 71955 determined by Frtchet 
folding of RES-701-1, the susceptibility to temperature et al., the 'tail' (Phel0-Trp21) passes through the 'ring' 
of the amide proton chemical shifts was investigated, region (Cysl-Asp9) and this way of folding is the same 
The amide protons of AlaT, Asp9, Phel2 and Tyrl4 as that of RES-701-1. Recently, on the basis of a survey 
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of Brookhaven Protein Data Bank, the knot-in-protein fore the region containing Thrt, Ala7, Tyrl4 and Tyrl5 
structure was independently investigated by two re- may mimic the hydrophobic core of ET-3. 
search groups. 29~° In all the examples, metal atoms 
tightly bound to the sidechains are included in the form- 
ation of the knot structure. 29 Thus it is suggested that Another hypothesis can be considered. Recently the 
the structures of RES-701-1 and RP 71955 are the first most potent nonselective antagonist to date, SB209670 
examples of a knot structure without metal atoms. RES- was obtained by Eliott et al. 25 They suggested that two 

aromatic rings and one carboxylic acid of SB209670 
701-1 was found to exhibit resistance to protease (aromatic rings labeled 1 and 2, and carboxylic acid 
digestion ~9 and RP 71955 was also reported to possess 
resistance to protease V8 digestion, u even though both labeled 3 in Figure 1) mimic two consecutive aromatic 

residues, Tyrl3 and Phel4, and one acidic residue, 
peptides are very small. Therefore the observed extra- Aspl8 of ET-1, respectively. In RES-701-1, no acidic 
ordinary folding could be responsible for their re- 
markable resistance to protease digestion, residue was present, but there are three segments of two 

consecutive aromatic residues. When the two con- 
secutive aromatic rings of Tyrl4-Tyrl5 of RES-701-1 

It is impossible to make the 'tail' pass through the are fitted to two aromatic rings of SB209670, the 
preformed 'ring' because of steric hindrance. Therefore, position of Ash2 of RF~-701-1 corresponds to the 
the only way to make such a structure is to close the carboxylic acid of SB209670. When the other two 
ring after appropriate folding. A similar enzyme may be consecutive aromatic residues of RES-701-1 are fitted, 
responsible for this particular closure after adequate nothing is found at the position of the carboxylic acid of 
folding of the peptide, Since RF~-701-1 and RP 71955 SB209670. Figure 5 shows that Tyrl4-Tyrl5 and Asn2 
were obtained from the same bacteria, Streptamyces. are spatially close. Since Asn2 has a carbonyl oxygen 

in the side chain, this atom may play the role of a 
Hypotheses for the structure-activity relationship proton-acceptor instead of the Asp of ETs. Therefore, 

the two consecutive aromatic residues Tyrl4-Tyrl5 and 
Figure 1 shows the amino acid sequence of ETs and the Asn2 of RES-701-1 may mimic Tyrl3-Phel4/Tyrl4 
ET-antagonists. There are two homologous sites be- and Aspl8 of ETs, respectively. 
tween ETs and RES-701-1. One is the C-terminal 
residue Trp, and the other is the two consecutive aro- 

It is often observed that the ~i-tum is a structural motif matic residues in both RF.S-701-1 (Trpl0-Phell  or 
Phel l -Phel2 ,  or Tyrl4-Tyrl5) and ETs (Tyrl3-Tyrl4/ in many biologically active cyclic peptides and it has 
Phel4). On the basis of the solution structure of ET-3, been postulated in many cases to be the biologically 

active form of linear peptides. 33 The regions of the resi- Mills et al. reported that the hydrophobic core was 
composed of Tyrl4, LeulT, Ilel9, Ile20 and Trp21, and dues 9-12 and the residues 4-7 in RES-701-1, and that 
that the removal of the Trp21 residue disrupted this of the residues 5-8 in ETs adopt a ~l-tum. However, it 
core. 1° It indicated that Trp21 in ETs is indispensable has been shown that the linear peptide, IRL-1620 [suc- 
for keeping the C-terminal conformation. On the other EgAm~'~SET-I(8-21)], which does not include the turn 
hand, since the C-terminal deletion analog of RES-701- region of ET, exhibits potent ET a selective agonist 
1 exhibits activity similar to that of the native one, 3~ activity. ~ Therefore ETa selective binding activity is 
the C-terminal Trp of RES-701-1 is not responsible for not brought about by the N-terminal region in which the 
its activity. Thus the role of the C-terminal Trp of RES- turn is included, but by the 8-21 region of ET. Thus the 
701-1 is expected to differ from that of ETs. Therefore ~-tum region may not be required for the binding 
we will not consider structure-activity relationships on activity. 
the C-terminal Trp hereafter. 

In conclusion, our study has shown that the ET8 selec- 
As for the other homologous region, replacement of tive antagonist RES-701-1 in DMSO solution adopts a 
Pbel4 to Ala in ET-1 results in a complete loss of highly ordered and extraordinary structure. The obtained 
activity. 32 Thus aromaticity in position 14 is necessary, structure suggests that the region consisting of Thr6, 
The solution structure of ET-3 reported by Mills et al. Ala7, Tyrl4 and Tyrl5 and/or the region consisting of 
indicated that the hydrophobic core which is important Asn2, Tyrl4 and Tyrl5 are involved in binding with 
for the activity is composed of two aromatic rings and receptor. The general structural motif of RES-701-1 in 
several methyl groups. ~° In RES-701-1, eight aromatic DMSO, i.e., the 'lasso' structure is not an artifact of the 
residues and two methyl groups are included in the solvent used because the 'tail' cannot 'pass through' or 
whole 16 amino acid residues. Among them, five am- 'pass back out' once the 'ring' has been formed. In 
matic residues (Trpl0, Phel 1, Phel2, Tyrl4 and Tyrl5) addition, NMR analysis of RES-701-1 in 60% ethylene 
are in the 'tail' region, and two methyl groups (Thr6 glycol:40% water mixture solution revealed that RES- 
and Ala7) are in the 'ring' region. Also as indicated 701-1 takes almost the same conformation as deter- 
before, two consecutive aromatic residues of RES-701-1 mined in DMSO solution (data not shown). The DMSO 
in the 'tail' region are also present in ET-3. Looking at solution structure must therefore be a close represen- 
the structure in Figure 5, only Tyrl4-Tyrl5 are spatially tation of the bio-active conformation. Experiments are 
close to the methyl groups of Thr6 and Ala7 among the now on going to investigate the structure-activity 
two consecutive aromatic residues listed above. There- relationship using the derivatives of RES-701-1. 
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Experimental Z 1 angles were used for calculations. The distance con- 
straints for the hydrogen bonds were not used in the cal- 

NMR experiment culations. 

Since RES-701-1 could not be dissolved in H20, NMR The solution structures of RES-701-1 were obtained by 
experiments were carried out in deuterated dimethyl the combined use of DG and SA calculations. DG cal- 
sulphoxide (DMSO-d6) at a concentration of 3 mM. culations were carried out by the DADAS90 program in 
NMR spectra were recorded at 30 °C on BRUKER AM- MolSkop system on a TITAN computer. Starting from 
500 and JEOL JNM-A400 spectrometers. Chemical initial structures with randomly chosen dihedral angles, 
shifts were referenced to the methyl proton resonance of the structures with the best satisfied distance and angle 
DMSO at 2.5 ppm. constraints were obtained. SA calculations for refine- 

merit and NOESY back calculations were carried out by 
Two dimensional nuclear Overhauser effect spec- the X-PLOR 39 program on an IRIS Indigo R4000 
troscopy (NOESY), 35 double quantum filtered shift computer. The time step of dynamics was set to 5 fs 
correlated spectroscopy (DQF-COSY) 36 and homo- during the SA calculations. Force constants for the NOE 
nuclear Hartmann-Harn spectroscopy (HOHAHA) 3~ constraints and dihedral angle constraints were main- 
spectra in a phase sensitive mode using time pro- mined at 50 kcal mol -~ A -2 and 200 kcal tool -t rad -2, 
portional phase incrementation, and exclusive COSY respectively, throughout the refinement process. The 
(E.COSY) 38 spectra in States mode, were recorded, system was cooled stepwise from 1000K to 100K in 
respectively. Spectra were mostly collected with 512 50K decrements via 10 ps restraint dynamics during 
complex points in t~ and 2048 complex points in the t2 which the repulsive term was increased linearly from 
dimension. The t 2 FIDs were multiplied by a shifted 0.003 to 4 kcal tool -1 A-4. Final structures were obtained 
sine-bell square window function and then Fourier after 1000 cycles of Powell minimization. Finally, 46 
transformed. The h data were apodized with the same well-converged structures were obtained. 
window function, zero-filled to 2048 complex points, 
and then Fourier transformed. The NOESY spectra were NOESY back calculations 
collected with two mixing times, 100 ms and 300 ms. 
The NOESY spectrum with the longer mixing time was NOESY back calculations were carried out using a full- 
used for the signal assignments and that with the shorter relaxation matrix. The R-factor was used to evaluate 
one was used to obtain the distance information. The tho differences between the experimental and cal- 
3JN.,~ coupling constants were obtained from the high culated NOE intensities; R = (Io - I~)/Io, where Io = 
resolution 1-D spectra (0.48 Hz point -j) multiplied by experimental and I~ = calculated intensity, respectively. 
the Gaussian window function, except the residues 
Glyl ,  Gly5, Thr6 and Phel2, for which the coupling The 3-D structure of RP 71955 was obtained from the 
constants were not obtained, due to the degeneracies of Brookhaven Protein Data Bank. 
amide protons. The 3j,~ coupling constants for the 
residues Asn2, His4, Asp9, Trpl0, Pbel 1, Phel2, Asnl3 
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