SUPPORTING INFORMATION

Proton-based structural analysis of a heptahelical
transmembrane protein in lipid bilayers

Daniela Lalli,™ Matthew N. Idso,™ Loren B. Andreas,™ Sunyia Hussain,” Naomi Baxter, '
Songi Han,™ Bradley F. Chmelka,™™" and Guido Pintacuda™"

[a] Centre de RMN a Trés Hauts Champs, Institut des Sciences Analytiques (UMR 5280-CNRS, ENS Lyon, UCB Lyon 1),
Université de Lyon, 69100 Villeurbanne, France

[b] Department of Chemical Engineering, University of California, Santa Barbara, California, 93106 United States
[c] Department of Chemistry and Biochemistry, University of California, Santa Barbara, California, 93106 United States

Sl



130 I
oc LN [ S

(HINCAHA

1SCA

13Co

(H)(CO)CA(CO)NH

5N i rﬂ%LEI:

13CA I [
wco =] A Al

(H)CCH TOCSY (H)HCH RFDR
I/‘ t t W] T t
H i | ﬂ\unuﬂuﬂvva H 1 2 Eﬁ 3
5N 1 | G — o

we [ e |

t2| I — ol m— M

Figure S1: Pulse sequence schemes for all of the experiments acquired on proteorhodopsin samples and
presented in the main text. Narrow and broad black rectangles indicate m/2 and m pulses, respectively, and bell
shapes represent band-selective inversion pulses. For the H'-detected correlation experiments (H)YCANH and
(H)(CO)CA(CO)NH,' and for the H detected experiments (H)NCAHA and (H)N(CO)CAHA,’ the coherence
pathways and chemical shift evolution of C and N nuclei are shown as arrows colored in green, orange,
magenta and blue, respectively.
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Figure S2. 2D 'H-""N CP-HSQC NMR spectra acquired for U-['°N, °C] proteorhodopsin in a 1.3 mm probe at
60 kHz (black) and in a 0.7 mm probe at 100 kHz (blue).
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Figure S3. Comparison of optimized (H)NH and (H)CH spectra of U-["°N, ’C] proteorhodopsin acquired (A) in
a 1.3 mm probe at 60 kHz (green) and (B) in the 0.7 mm probe at 100 kHz (blue). Both spectra were recorded
with the same number of scans at 1 GHz, and no line broadening was applied.
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Figure S4: °C-"C 2D projection of the 3D hCCH-TOCSY spectrum acquired on N, "*C proteorhodopsin in
lipid bilayers, at the 1 GHz spinning at 100 kHz MAS, in a 0.7 mm probe. WALTZ-16 at 25 kHz was applied for
the TOCSY mixing of 15 ms. Examples of carbon and proton side chain assignments are reported for residues
176-178 through strips extracted from the 3D *C-"C-TOCSY spectrum.

(A)

Figure S5. (A) Topological plot of proteorhodopsin, where the assigned residues are highlighted in blue for the
U-["N, C] sample and in red for the U-[’H,""N,"*C] 100% back-exchanged one. The assigned residues are
reported on the PR structure with the same color code and shown in panels (B) and (C). PR monomers (pdb
code: 2L6X) are modeled into pentamers by using the multi-docking High Ambiguity-Driven DOCKing
(HADDOCK)® program and shown embedded into lipid bilayers with horizontal (B) and axial (C) orientations.
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Figure S6. Prediction of the secondary structure performed by TALOS+ based on the analysis of the
proteorhodopsin backbone chemical shifts (N, HY, C*, Ca,, CB). The predicted average backbone torsion angle y
is reported as a function of the protein sequence (the green boxes represent helices A-G and the lines depict the
loops). Negative y values indicate helical structure, while positive y values beta strands or deviations from
helicity. Distortion in helices E at position G169 and F at position V200, P201 are indicated with an asterisk.
Overall these structural features are preserved in micelles.

Probe considerations

Standard MAS probes are typically tuned to three channels, allowing configurations for "H/">C/"*N or
'H/C/*H, etc., and often requiring removal of the probe to switch tuning modes. Many probes
purchased for biological solid-state NMR have fixed tuning to 'H/"*C/"°N, such that this configuration
can be considered standard.

An additional benefit of using fully protonated samples compared to perdeuterated samples is the
elimination of the ~22 Hz 'Jc.p couplings, which allows narrower °C linewidths for standard triple
tuned probes. This is offset somewhat by the typical, although sample-dependent, decrease in °C T’
values as compared to deuterated samples. For deuterated samples, 4-channel "H/”H/"*C/"°N probes are
also now available, allowing the removal of this source of line broadening using deuterium decoupling.

Table S1. °C’, °CA, N and 'H" coherence lifetimes measured at 60 kHz and 100 kHz MAS, at the 1 GHz, via
a 'H-""C CP sequence with a selective echo (for carbon T,') or by using a standard Hahn echo sequence (for
proton and nitrogen T,'). During "°C, "N chemical shift evolution, swept low-power TPPM (sITPPM)* was used
on 'H with a RF frequency of 25 kHz.

'q BN 3o Bog
MAS
rate 60 kHz 100 kHz 60 kHz 100 kHz 60 kHz 100 kHz 60 kHz 100 kHz
]iuzl’k 1.3 ms 2.5ms 18 ms 21 ms 18.5 ms 21 ms 9 ms 12.5 ms
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Table S2. Acquisition and processing parameters for the NMR experiments acquired on the U-["°N,"C]
proteorhodopsin, at the 1 GHz in a 0.7 mm probe, spinning at 100 kHz. The direct proton dimension was

sampled to 10 ms.

Spectrum Max indirect Scans per | Experimental Signal/Noise Pr 0

pectru evolution point time (First FID) ocessing
a 60-deg shifted sine-

(H)NH 20.4 ms (N) 64 2.5h 131 bell squared
60-deg shifted sine-

(H)NH 31.5 ms (N) 128 9h 120 bell squared
60-deg shifted sine-

(H)CH 13 ms (C) 32 45h 87 bell squared
5 ms (CA), 90-deg shifted sine-

(H)NCAH 8 1m5 () 16 18h 25 bell squared
5ms (CA), 90-deg shifted sine-

(H)N(CO)CAH 8 ms (N) 32 44.5h 13 bell squared
6 ms (CA), 90-deg shifted sine-

(H)CANH 6.2 ms (N) 24 33h 18 bell squared
6 ms (CA), 90-deg shifted sine-

(H)(COICA(CONH 9.2 ms (N) 32 45h 1 bell squared
11 ms (C), 90-deg shifted sine-

(H)YCONH 9.2 ms (N) 16 22.5h 16 bell squared
(H)CCH-TOCSY 6.5 ms D 147 h 3 90-deg shifted sine-

(15 ms) bell squared
(H)HCH-RFDR 5.3 ms (H), 16 117h 9 90-deg shifted sine-

(1.4 ms) 6.5 ms (C) bell squared

® Acquisition and processing parameters for the (H)NH experiments acquired on the U-[’H,"’N,"C] PR 100%

back-exchanged spinning at 60 kHz in a 1.3 mm probe. The direct proton dimension was sampled to 12.5 ms.

Table S3. Assignment of backbone and side chains resonances of *C "N proteorhodopsin in lipid bilayers,
referenced to adamantane ('H signal at 1.87 ppm).

a.a.
THR 29 C
THR 29 CA
THR 29 N
THR 29 H
GLY 30 CA
GLY 30 N
GLY 30 H
GLY 30 HA2
GLY 30 HA3
THR 37 C
THR 37 CA
THR 37 CB
THR 37 CG2
THR 37 N
THR 37 H
THR 37 HA
THR 37 HB

(ppm)
176.3
64.7
107.1
7.6
459
109.5
8.3
4.0
4.2
175.7
69.2
68.5
224
117.6
8.2
4.7
44

a.a.
VAL 129
VAL 129
VAL 129
VAL 129
VAL 129
VAL 129
VAL 129
VAL 129
VAL 129
VAL 129
VAL 129
GLY 130
GLY 130
GLY 130
GLY 130
GLY 130
GLY 130

(ppm)
C 177.8
CA 67.6
CB 312
CGl1 23.6
CG2 224
N 116.8

H 8.3
HA 3.7
HB 24
HGI 13
HG2 1.1
C 175.7
CA 479
N 105.7

H 8.7
HA3 4.0
HA2 4.1

a.a.
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
PRO 180
ALA 181
ALA 181
ALA 181
ALA 181
ALA 181

(ppm)
C 179.3
CA 66.1
CB 31.7
CD 50.3
CG 279
N 1350
HG2 2.6
HD 4.2
HA 4.5
HG3 23
HB2 2.1
HB3 2.7
C 180.7
CA 552
CB 18.1
N 1194

H 8.6
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THR
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
ALA
ALA
ALA
ALA
ALA
ALA
ALA
SER
SER
SER
SER
SER
SER
SER
THR
THR
THR
THR
THR
THR
THR
THR
VAL
VAL

37
38
38
38
38
38
38
38
39
39
39
39
39
39
39
40
40
40
40
40
40
40
40
40
41
41
41
41
41
41
41
41
b)
b)
b)
b)
b)
b)
b)
43
43
43
43
43
43
43
44
44
44
44
44
44
44
44
45
45

HG2

CA
CB

HA

HB

CA
CB

HA
HB

CA
CB

HA
CG
HB
HG

CA
CB
CG
HA

HB

CA
CB

HA
HB

CA
CB

HA
HB
CA
CB
CG2

HA
HB
HG2
CA
CB

1.5
178.7
55.1
184
1212
40
72
1.7
180.6
550
19.6
119.0
83
42
1.6
180.2
57.8
42.0
120.3
89
44
26.5
1.5
1.1
176.7
58.5
39.6
25.7
35
124.9
82
1.6
178.8
54.8
18.5
117.9
7.8
42
1.8
173.2
62.3
624
111.9
85
39
39
679
68.9
20.7
118.8
1.7
4.1
4.6
1.5
67.6
314

SER

SER

SER

SER

SER

SER

SER
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
MET
MET
MET
MET
MET
MET
MET
MET
MET
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
VAL
VAL
VAL
VAL
VAL
VAL

131
131
131
131
131
131
131
132
132
132
132
132
132
132
132
132
132
132
132
132
133
133
133
133
133
133
133
133
133
133
134
134
134
134
134
134
134
134
134
135
135
135
135
135
135
135
135
135
135
135
136
136
136
136
136
136

CA
CB

HA
HB

CA
CB
CD1
CD2
CG

HA
HB
HD2
HG
HDI1
CA
CB
CG1
CG2

HA
HB
HG2
HG1

CA
CB
CG

HA
HB
HG

CA
CB
CD1
CD2
CG

HA
HB
HG

CA
CB
CG1
CG2

175.5
63.3
62.7

118.3

85
44
4.1

178.8
57.8
42.0
259
22.7
26.7

1225

79
44
1.6
1.1
23
1.1
679
314
23.7
22.5
119.5
8.7
3.8
24
1.1
1.3

176.7
59.5
348
30.3

117.7

8.1
44
24
2.6

178.9
573
41.1
26.2
239
264

1135

1.7
4.5
24
1.0

178.1
67.5
313
23.7
223

118.2

ALA
ALA
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
GLN
GLN
GLN
GLN
GLN
GLN
GLN
GLN
GLN
GLN
GLN
GLN
GLN

SER

SER
SER
SER
SER
SER
SER
ALA
ALA
ALA
ALA
ALA
ALA
ALA
TYR
TYR
TYR
TYR
TYR
TYR
TYR
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
THR

181
181
182
182
182
182
182
182
182
182
182
182
182
183
183
183
183
183
183
183
183
183
183
183
183
183
184
184
184
184
184
184
184
185
185
185
185
185
185
185
186
186
186
186
186
186
186
187
187
187
187
187
187
187
187
188

HA
HB

CA
CB
CG1
CG2

HA
HB
HG1
HG2

CA
CB
CD
CG

NE2

HA
HB
HG
HE22
HE21

CA
CB

HA
HB

CA
CB

HA
HB

CA
CB

HA
HB
CA
CB
CG

HA
HB2
HB3

44
1.7
177.3
66.7
30.7
23.8
21.1
1212
1.7
39
25
14
1.1
178.5
60.6
28.1
180.5
349
1199
1123
89
4.1
23
2.6
6.7
74
177.2
61.7
62.9
1129
83
4.6
43
177.3
555
179
1249
1.7
43
1.7
177.7
61.9
38.8
118.6
9.1
44
32
564
382
175.6
117.5
8.7
4.6
29
33
176.5
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VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
THR
THR
THR
THR
THR
THR
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL

SER

SER

SER

SER

SER

SER

SER
GLY
GLY
GLY
GLY
GLY
GLY
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
THR
THR
THR
THR
THR
THR
THR
THR

45
45
45
45
45
45
45
45
63
63
63
63
63
63
64
64
64
64
64
64
64
64
64
64
65
65
65
65
65
65
65
66
66
66
66
66
66
68
68
68
68
68
68
68
68
68
68
68
69
69
69
69
69
69
69
69

CG2

HA
HB
HG2
CGl1
HG1
CA
CB
CG2
HB
HA
HG2
CA
CB

HA
HB
CG2
CGl1
HG1
HG2

CA
CB

HA
HB

CA

HA2
HA3

CA
CB
CGl1
CG2

HA
HG1
HG2

HB

CA
CB
CG2

HA
HG2

21.1
118.3
14
37
23
1.2
224
1.1
62.7
64.0
22.6
4.1
44
14
68.2
313
124.0
8.8
39
24
222
22.7
1.0
1.1
176.1
63.1
624
116.6
14
44
40
175.9
472
105.7
8.0
4.7
4.5
177.7
67.6
313
23.6
215
118.7
82
37
1.3
1.2
24
177.1
65.5
67.1
229
106.2
79
43
1.6

VAL
VAL
VAL
VAL
VAL
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
GLY
GLY
GLY
GLY
GLY
TYR
TYR
TYR
TYR
TYR
TYR
TYR
MET
MET
MET
MET
MET
MET
MET
MET
MET
GLY
GLY
GLY
GLY
GLY
GLU
GLU
GLU
GLU
GLU
GLU
GLU
GLU
GLU
GLU
ALA
ALA
ALA
ALA
ALA
ALA
ALA

136
136
136
136
136
137
137
137
137
137
137
137
137
138
138
138
138
138
139
139
139
139
139
139
139
140
140
140
140
140
140
140
140
140
141
141
141
141
141
142
142
142
142
142
142
142
142
142
142
143
143
143
143
143
143
143

HA
HG1
HG2

HB

CA
CB
CG

HA
HB

CA

HA

CA
CB

HA
HB

CA
CB
CG

HA
HG
HB

CA

HA

CA
CB
CD
CG

HB
HA
HG

CA

CB

HA
HB

9.0
38
1.3
1.1
24
177.8
64.1
36.8
144.0
117.0
82
43
3.1
175.3
494
106.4
82
40
176.6
62.6
392
1219
8.1
3.8
3.1
179.3
60.7
342
323
115.0
83
37
25
25
176.1
46.4
107.4
83
4.6
178.3
61.0
294
179.0
325
123.0
8.6
19
34
19
178.1
51.6
18.6
117.6
8.7
44
1.0

THR
THR
THR
THR
THR
THR
THR
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
PHE
GLY
GLY
GLY
GLY
GLY
TRP
TRP
TRP

188
188
188
188
188
188
188
189
189
189
189
189
189
189
189
189
189
190
190
190
190
190
190
190
190
194
194
194
194
194
194
194
194
194
194
194
194
194
195
195
195
195
195
195
195
195
195
195
196
196
196
196
196
197
197
197

CA
CG2

HG2
CB
HA

CA
CB
CE
CG

HA
HB
HG
CA
CB
CG

HB
HG
HA

CA
CB
CD1
CG1
CG2

HDI1
HB
HA

HG2

HG1

CA
CB
CD1
CG

HA
HB2
HB3

CA

HA2
HA3

CA

68.1
22.5
116.6
8.6
1.6
67.8
4.5
178.6
60.1
35.6
200
30.2
120.2
9.0
40
23
24
59.8
324
30.7
120.3
19
2.1
4.1
8.8
1744
64.2
395
14.2
28.0
16.5
1174
1.7
0.7
1.6
42
02
20
177.2
61.1
40.5
131.9
141.1
111.1
85
4.8
34
32
479
107.1
8.8
49
50
176.7
57.8
119.1
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THR
GLY
GLY
GLY
GLY
GLY

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE
ALA
ALA
ALA
ALA
ALA
ALA
ALA
PHE
PHE
PHE
PHE
PHE
PHE
GLY
GLY
GLY
GLY
GLY
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
THR
THR
THR
THR
THR
THR
THR
GLY
GLY
GLY
GLY

69
70
70
70
70
70

71
71
71
71
71
71
71
71
71
71
72
72
72
72
72
72
72
73
73
73
73
73
73
81
81
81
81
81
82
82
82
82
82
82
82
82
82
82
86
86
86
86
86
86
86
87
87
87
87

HB

CA

HA

CA
CB
CD1
CG2

HA

HB
HDI1
HG2

CA
CB

HA
HB
CA
CB

HA
HB
CA

HA2

HA3
CA

CB
CGl1
CG2

HA
HB
HG1
HG2
CA
CB
CG2

HA

HB

CA
N

4.7
1754
48.3
1159
89
40
177.9
65.5
37.8
14.2
19.0
1232
4.1
93
2.1
1.2
1.8
178.9
55.1
18.1
121.0
7.6
44
1.7
582
423
120.1
9.0
43
2.6
46.4
106.8
4.1
6.8
42
66.0
123.8
31.8
22.6
22.5
73
42
22
1.1
1.2
61.9
72.6
21.1
105.9
83
4.8
4.5
171.0
45.0
113.0
82

GLY
GLY
GLY
GLY
GLY
GLY
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
MET
MET
MET
MET
MET
MET
MET
MET
MET
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
TRP
TRP
TRP
TRP
TRP
TRP
TRP
TRP
PRO
PRO
PRO
PRO
PRO
PRO

144
144
144
144
144
144
145
145
145
145
145
145
145
145
145
145
145
145
145
146
146
146
146
146
146
146
146
146
147
147
147
147
147
147
147
148
148
148
148
148
148
148
149
149
149
149
149
149
149
149
150
150
150
150
150
150

CA

HA2
HA3

CA
CB
CD1
CG1
CG2

HA
HB
HG2
HDI1
HG1

CA
CB
CG

HA
HB
HG

CA
CB

HA
HB

CA
CB

HA
HB
CA
CB
CD1
CG

HA
HB
CA
CD

HA
CG
CB

174.6
458
105.9
7.5
43
4.1
174.7
632
394
13.8
28.7
17.5
1213
83
40
1.8
1.1
1.1
1.3
173.8
53.1
37.8
320
115.0
74
49
2.1
30
177.2
533
18.5
125.5
89
4.5
1.8
181.9
559
18.7
124.5
85
42
1.6
62.9
28.5
130.5
113.7
118.7
9.8
43
3.6
66.4
50.2
132.4
4.5
28.0
30.5

TRP
TRP
ALA
ALA
ALA
ALA
ALA
ALA
ALA

ILE

ILE

ILE

ILE

ILE

ILE
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
GLY
GLY
GLY
GLY
THR
THR
THR
THR
THR
THR
THR
THR
GLY
GLY
GLY
GLY
ASN
ASN
ASN

ILE

197
197
198
198
198
198
198
198
198
199
199
199
199
199
199
201
201
201
201
201
201
201
201
201
201
202
202
202
202
202
202
202
202
202
202
202
203
203
203
203
206
206
206
206
206
206
206
206
207
207
207
207
208
208
208
222

H
HA

CA
CB

HA
HB

CA
CB

HA

CA
CB
CD
CG

HG
HA
HD
HB

CA
CB
CG1
CG2

HA
HB
HG1
HG2
CA

HA
CA
CB
CG2

HA
HB
HG2
CA

HA
CA

CA

8.6
50
1771
544
18.1
118.7
73
4.1
20
1751
61.8
38.3
111.0
6.8
38
179.0
65.8
30.2
494
27.1
135.1
23
4.7
4.8
2.1
178.0
67.8
312
23.7
21.1
118.5
7.5
37
24
1.3
1.1
48.0
1122
9.0
42
68.7
72.7
21.6
105.2
8.0
49
44
1.3
455
1122
8.0
44
51.8
118.6
83
65.6
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GLY
ASP
ASP
ASP
ASP
ASP
ASP
ASP

THR

THR

THR

THR

THR

THR

THR

THR

THR
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU

THR

THR

THR

THR

THR

THR

THR

THR

THR

VAL

VAL

VAL

VAL

VAL

VAL

87
88
88
88
88
88
88
88
91
91
91
91
91
91
91
91
91
99
99
99
99
99
99
99
99
99
99
99
99
99
100
100
100
100
100
100
100
100
100
100
100
101
101
101
101
101
101
101
101
101
102
102
102
102
102
102

HA

CA
CB
CG

HA

CA
CB
CG2

HA
HB
HG2

CA
CB
CG

HA
HG
HB
CDl1
CD2
HDI1
HD2

CA
CB
CD2
CG
HA
HB
HG
HD2

CA
CB
CG2

HA

HG2
HB
CA
CB

CGl1

CG2

N
H

38
174.7
525
439
180.8
116.9
1.7
50
178.3
66.0
67.1
229
120.0
93
43
4.7
1.6
1733
579
420
26.6
114.1
8.4
44
1.2
1.6
25.8
22.7
1.0
1.0
178.0
552
432
22.7
264
4.7
23
22
1.1
107.8
7.1
177.1
654
70.6
224
107.6
4.5
8.7
1.3
43
68.7
274
23.7
21.1
123.5
9.0

PRO
PRO
PRO
PRO
ALA
ALA
ALA
ALA
ALA
ALA
ALA
PHE
PHE
PHE
PHE
PHE
PHE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
GLY
GLY
GLY
GLY
GLY
GLY
SER
SER
SER
SER
SER
SER
SER
LEU

150
150
150
150
151
151
151
151
151
151
151
152
152
152
152
152
152
153
153
153
153
153
153
153
153
153
153
153
153
154
154
154
154
154
154
154
154
154
154
154
154
154
155
155
155
155
155
155
156
156
156
156
156
156
156
157

HG
HB2
HD
HB3

CA
CB

HA
HB

CB

HA
HB
CA
CB
CD1
CG1
CG2

HA
HB
HG1
HG2
HDI1

CA
CB
CD1
CG1
CG2

HA
HG2
HG1
HDI1

HB

CA

HA2

HA3

C

CB

HA
HB

22
23
42
25
178.2
56.5
184
118.2
7.5
44
19
60.8
40.0
116.9
7.8
4.1
34
652
37.6
13.1
294
1722
120.5
8.7
3.8
23
1.8
1.2
09
177.5
659
373
129
294
16.2
118.2
82
3.6
-0.0
19
0.8
1.5
176.7
479
1044
85
3.8
4.1
178.9
62.6
614
118.3
8.1
43
43
178.0

ILE

ILE

ILE

ILE

ILE
TYR
TYR
TYR
TYR
TYR
TYR
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ASP
ASP
ASP
ASP
ASP
ASP
ASP
ASP
PHE
PHE
PHE
PHE
PHE
PHE
PHE
VAL

222
222
222
222
222
223
223
223
223
223
223
224
224
224
224
224
224
224
224
224
224
224
225
225
225
225
225
225
225
225
225
225
225
226
226
226
226
226
226
226
227
227
227
227
227
227
227
227
228
228
228
228
228
228
228
229

N

HA
CB
HB
CB
CA
HA
HB

O Tz

CA
CB
CG

ND2
HA
HB

HD21
HD22

CA
CB
CD2
CG

HA
HG
HD2
HB

CA
CB

HA
HB

CA
CB
CG

HA

HB

CA

CB

HA
HB

115.7
1.7
38

37.7
2.1
35.6
57.6
4.7
34

1184
82

177.2

55.1
36.5
173.9
120.0
994
54
32
83
6.5
6.8
179.8
574
412
22.7
264

116.1
8.0
44
23
1.0
23

179.9

550
18.5

119.5
9.0
43
1.8

180.6

582
40.4

178.1

119.2
1.7
50
33

176.6

634
384

119.8
8.6
44
32

176.1
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VAL
VAL
VAL
VAL
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE
GLU
GLU
GLU
GLU

102
102
102
102
103
103
103
103
103
103
103
103
103
103
104
104
104
104
104
104
104
104
104
104
104
104
105
105
105
105
105
105
105
105
105
105
105
105
105
106
106
106
106
106
106
106
106
106
106
106
106
106
108
108
108
108

HA
HB
HG2
HG1

CA
CB
CD

HA
HB
HD
CG
HG
CA
CB
CDl1
CG

HA
HB
HG
CD2
HDI1
HD2

CA
CB
CD1
CD2
CG

HA
HB
HG
HDI1
HD2

CA
CB
CD1
CGl1
CG2

HA
HB
HDI1
HG1
HG2

CA
CB
CG

40
24
0.8
0.1
178.7
652
315
510
135.0
4.7
23
37
282
25
582
415
264
27.1
116.0
8.1
4.1
1.8
2.1
22.7
1.1
1.1
180.2
584
41.6
26.1
22.6
27.1
119.1
89
43
1.7
22
1.0
1.1
178.8
614
394
143
310
202
117.5
8.8
4.8
23
1.2
1.3
1.1
178.6
58.3
28.1
30.3

LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
ALA
ALA
ALA
ALA
ALA
ALA
ALA
TRP
TRP
TRP
TRP
TRP
TRP
TRP
TRP
TRP
TRP
TYR
TYR
TYR
TYR
TYR
TYR
TYR
TYR
MET
MET
MET
MET
MET
MET
MET
MET
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE
ILE

157
157
157
157
157
157
157
157
157
157
157
157
158
158
158
158
158
158
158
159
159
159
159
159
159
159
159
159
159
161
161
161
161
161
161
161
161
162
162
162
162
162
162
162
162
163
163
163
163
163
163
163
163
163
163
163

CA
CB
CD1
CD2
CG

HA
HB
HDI1
HD2
HG

CA
CB

HA
HB

CA
CB
CD1
CE2
CG

HA
HB
CA
CB
CD1
CG

HA
HB
CA
CB
CG

HA
HG
HB

CA
CB
CD1
CG1
CG2

HA
HG1
HDI1

582
415
260
22.8
270
120.5
83
42
23
1.1
1.1
2.1
178.5
55.6
18.1
1212
79
43
1.7
177.5
59.6
290
122.7
139.5
110.8
119.1
7.6
50
35
62.1
379
1323
1294
121.1
85
43
33
60.7
33.8
322
117.2
1.7
3.6
25
1.8
177.3
66.4
373
12.0
28.6
17.8
116.9
8.0
33
04
-0.2

VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE

ILE
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU

229
229
229
229
229
229
229
229
229
229
230
230
230
230
230
230
230
230
230
230
230
231
231
231
231
231
231
231
231
231
231
232
232
232
232
232
232
232
232
232
232
232
232
232
233
233
233
233
233
233
233
233
233
233
233
233

CA
CB
CG1
CG2

HB
HG1
HG2

HA

CA
CB
CG

ND2

HA
HB
HD21
HD22
CA
CB
CD
CG

HA
HB
HD
HG

CA
CB
CD1
CG1
CG2

HB
HA
HG2
HG1
HDI1

CA
CB
CD1
CD2

HA
HB
CG
HG
HDI1

64.5
335
224
213
116.9
24
1.3
14
44
14
175.6
550
389
171.5
113.7
108.2
8.8
5.1
29
6.1
6.2
59.1
35.7
304
28.5
113.0
8.0
52
2.7
2.1
22
176.5
674
37.1
139
28.8
16.2
119.1
8.8
2.6
42
1.1
1.3
0.8
177.6
58.8
414
26.0
254
1193
8.7
44
1.7
270
1.8
1.0
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GLU 108 N 120.2 ILE 163 HB 1.8 PHE 234 CA 62.6

GLU 108 H 8.8 ILE 163 HG2 0.8 PHE 234 CB 40.9
GLU 108 HB 2.1 TYR 164 C 177.6 PHE 234 N 1153
GLU 108 HA 50 TYR 164 CA 62.2 PHE 234 H 7.1
GLU 108 HG 30 TYR 164 CB 37.8 PHE 234 HA 42
PHE 109 C 177.0 TYR 164 N 120.2 PHE 234 HB2 30
PHE 109 CA 63.6 TYR 164 H 9.0 PHE 234 HB3 34
PHE 109 CB 39.2 TYR 164 HA 43 GLY 235 C 176.3
PHE 109 N 115.6 TYR 164 HB 32 GLY 235 CA 47.6
PHE 109 H 79 GLU 165 C 178.8 GLY 235 N 100.8
PHE 109 HA 43 LEU 166 C 178.0 GLY 235 H 73
PHE 109 HB 34 LEU 166 CA 55.6 GLY 235 HA2 39
TYR 110 C 175.7 LEU 166 HA 44 GLY 235 HA3 42
TYR 110 CA 62.1 TRP 167 C 177.1 LEU 236 C 179.1
TYR 110 CB 38.5 TRP 167 CA 59.5 LEU 236 CA 58.3
TYR 110 N 1144 TRP 167 CB 30.3 LEU 236 CB 42.1
TYR 110 H 7.2 TRP 167 N 1213 LEU 236 CDlI 26.6
TYR 110 HA 45 TRP 167 HA 45 LEU 236 CD2 235
TYR 110 HB 32 TRP 167 H 93 LEU 236 CG 273
LEU 111 C 180.7 TRP 167 HB 23 LEU 236 N 123.7
LEU 111 CA 58.4 ALA 168 C 177.1 LEU 236 H 8.8
LEU 111 CB 41.6 ALA 168 CA 51.7 LEU 236 HA 50
LEU 111 CDI 255 ALA 168 CB 224 LEU 236 HD2 0.7
LEU 111 CD2 23.0 ALA 168 N 117.5 LEU 236 HG 1.8
LEU 111 N 118.3 ALA 168 H 8.7 LEU 236 HB 1.8
LEU 111 H 8.9 ALA 168 HA 4.7 ILE 237 C 178.5
LEU 111 HA 4.0 ALA 168 HB 1.4 ILE 237 CA 64.7
LEU 111 CG 27.1 GLY 169 C 174.5 ILE 237 CB 37.1

ILE 112 C 176.9 GLY 169 CA 44.7 ILE 237 CGl 290

ILE 112 CA 64.5 GLY 169 N 109.3 ILE 237 CG2 17.8

ILE 112 CB 38.2 GLY 169 H 7.5 ILE 237 N 121.6

ILE 112 CDI 13.7 GLY 169 HA 35 ILE 237 H 84

ILE 112 CGlI 29.7 GLU 170 C 179.3 ILE 237 HA 4.0

ILE 112 CG2 17.4 GLU 170 CA 59.6 ILE 237 HB 24

ILE 112 N 114.0 GLU 170 CB 304 ILE 237 HG2 1.2

ILE 112 H 9.0 GLU 170 CG 35.0 ILE 237 HGI 19

ILE 112 HA 43 GLU 170 N 1255 ILE 237 CDlI 13.8

ILE 112 HB 20 GLU 170 H 93 ILE 237 HDI 1.1

ILE 112 HG2 13 GLU 170 HA 43 ILE 238 C 176.5

ILE 112 HDI 1.1 GLU 170 HB 1.7 ILE 238 CA 65.0

ILE 112 HGI 1.6 GLU 170 HG 23 ILE 238 CB 374
LEU 113 C 178.8 GLY 171 C 1743 ILE 238 CDlI 14.7
LEU 113 CA 573 GLY 171 CA 47.8 ILE 238 CGl 294
LEU 113 CB 413 GLY 171 N 105.6 ILE 238 CG2 17.2
LEU 113 CDI 252 GLY 171 H 8.3 ILE 238 N 1224
LEU 113 CD2 229 GLY 171 HA 39 ILE 238 H 7.1
LEU 113 CG 26.4 LYS 172 C 178.3 ILE 238 HA 3.8
LEU 113 N 119.5 LYS 172 CA 56.9 ILE 238 HB 23
LEU 113 H 7.0 LYS 172 CB 30.2 ILE 238 HDI 0.8
LEU 113 HA 43 LYS 172 CD 272 ILE 238 HG2 1.1
LEU 113 HG 1.1 LYS 172 CG 235 TRP 239 C 175.5
LEU 113 HB 22 LYS 172 N 122.8 TRP 239 CA 62.6
LEU 113 HDI 10 LYS 172 H 6.5 TRP 239 CB 28.5
ALA 114 C 179.1 LYS 172 HA 4.1 TRP 239 CG 110.7
ALA 114 CA 539 LYS 172 HB 1.8 TRP 239 N 119.8
ALA 114 CB 16.5 LYS 172 HG 13 TRP 239 H 9.0
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ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
ALA
THR
THR
THR
THR
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU

114
114
114
114
115
115
115
115
115
115
115
116
116
116
116
116
116
116
117
117
117
117
126
126
126
126
126
126
126
126
126
126
126
127
127
127
127
127
127
127
127
127
127
128
128
128
128
128
128
128
128
128
128

HA
HB

CA
CB

HA
HB

CA
CB

HA
HB

CA
HA

CA
CB
CD
CE
CG

NZ

HA
HB

CA
CB
CD2
CG

HA
HB
HG
CA
CB
CDl1
CD2
CG

HA
HB2
HG

122.8
89
42
1.1

177.5

534
155

118.6
70
39

-0.0
177.5
530
23.8

117.9
73
4.8
20

114.8
8.7

59.1
49
178.4
60.5
34.1
304
427
26.6
116.8
334
8.1
4.1
1.8
178.6
57.5
414
20.5
26.1

115.7
7.6
43
24
1.1

58.3
41.7
26.8
235
272

120.3
85
43
1.8
2.1

SER
SER
SER
SER
SER
SER
SER
ALA
ALA
ALA
ALA
ALA
ALA
ALA
SER
SER
SER
SER
SER
SER
SER
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
THR
THR
THR
THR
THR
THR
THR
THR
THR
ALA
ALA
ALA
ALA
ALA
ALA
ALA
SER
SER
SER
SER
SER
SER
SER
SER

173
173
173
173
173
173
173
174
174
174
174
174
174
174
175
175
175
175
175
175
175
176
176
176
176
176
176
176
176
176
176
176
177
177
177
177
177
177
177
177
177
178
178
178
178
178
178
178
179
179
179
179
179
179
179
179

CA
CB

HA
HB

CA
CB

HA
HB

CA
CB

HA
HB

CA
CB
CG

ND2

HA
HB
HD22
HD21

CA
CB
CG2

HA
HB
HG2

CA
CB

HA
HB

CA
CB

HA
HB2
HB3

176.7
61.7
62.7

113.1

83
43
42

180.1
54.6
18.8

121.8

7.6
4.6
1.8

175.9
62.1
62.5

117.7

8.8
38
42

176.1
54.8
384

175.7

117.5

110.8

7.6
4.7
3.1
6.8
7.5

173.8
614
70.1
214

107.3

7.8
4.8
4.8
1.6

175.9
504
20.7

1249

7.6
4.8
1.7

172.9
569
62.5

117.1

85
50
44
4.8

TRP
TRP
TRP
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ASN
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
VAL
ALA
ALA
ALA
ALA
ALA
ALA
ALA
VAL
VAL
VAL
VAL
VAL
VAL
LYS
LYS
LYS
LYS
LYS
LYS
LYS
LYS
ASN
ASN
ASN
ASN
ASN
ASN
ASN
ALA
ALA
ALA
ALA
ALA
ALA

239
239
239
240
240
240
240
240
240
240
240
241
241
241
241
241
241
241
241
241
241
241
242
242
242
242
242
242
242
243
243
243
243
243
243
244
244
244
244
244
244
244
244
248
248
248
248
248
248
248
249
249
249
249
249
249

HA
HB2
HB3

CA
CB
CG

HA
HB

CA
CB
CG1
CG2

HB
HG2
HA
HG1

CA
CB

HA
HB
CA

HA
CB
HB
CA

HA

CB
HB
CG
HG

CA
CB

HA
HB
CA
CB

HA
HB

43
37
42
176.7
57.1
40.0
174.7
1144
8.7
37
3.1
174.5
64 .4
30.7
25.1
194
117.7
7.8
22
1.2
40
1.0
180.6
544
195
126.3
82
23
1.5
66.7
119.7
82
34
312
22
599
1219
4.1
7.8
32.1
20
25.1
1.7
172.3
525
39.1
118.8
8.4
52
30
519
209
130.6
9.0
50
19
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