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PDB ID
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Deposited on
Resolution

Mar 14, 2026 — 10:47 AM UTC

4HEA / pdb_00004hea

Crystal structure of the entire respiratory complex I from Thermus ther-
mophilus

Baradaran, R.; Berrisford, J.M.; Minhas, G.S.; Sazanov, L.A.

2012-10-03

3.30 A(reported)

This is a wwPDB X-ray Structure Validation Summary Report for a publicly released PDB entry.

We welcome your comments at validation@mail.wwpdb.org
A user guide is available at

https://www.wwpdb.org/validation /2017 /Xray ValidationReportHelp

with specific help available everywhere you see the (i) symbol.

The types of validation reports are described at
http:/ /www.wwpdb.org/validation /2017 /FAQs+#types.

The following versions of software and data (see references (1)) were used in the production of this report:

MolProbity : 4-5-2 with Phenix2.0
Mogul : 2022.3.0, CSD asb43be (2022)

Xtriage (Phenix) : 2.0

EDS : 3.0

Buster-report : wwPDB partial adaption of 1.1.7 (2018)
Percentile statistics : 20250101.v01 (using entries in the PDB archive January 1st 2025)
CCP4 : 9.0.010 (Gargrove)
Density-Fitness : 1.0.12
Ideal geometry (proteins) : Engh & Huber (2001)
Ideal geometry (DNA, RNA) : Parkinson et al. (1996)

Validation Pipeline (wwPDB-VP) : 2.49
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1 Overall quality at a glance (i)

The following experimental techniques were used to determine the structure:

X-RAY DIFFRACTION
The reported resolution of this entry is 3.30 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in

the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks
Rfree T
Clashscore I]
Ramachandran outliers IS |
Sidechain outliers I]

RSRZ outliers NN

Worse

Value
P 0.234
I 03
D (.7%
D 2%

0.1%

Better

4HEA

I Percentile relative to all X-ray structures

[l Percentile relative to X-ray structures of similar resolution

Motric Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
Riyree 180053 1169 (3.32-3.28)
Clashscore 190562 1209 (3.32-3.28)
Ramachandran outliers 187476 1188 (3.32-3.28)
Sidechain outliers 187428 1187 (3.32-3.28)
RSRZ outliers 180081 1169 (3.32-3.28)

The table below summarises the geometric issues observed across the polymeric chains and their
fit to the electron density. The red, orange, yellow and green segments of the lower bar indicate
the fraction of residues that contain outliers for >=3, 2, 1 and 0 types of geometric quality
criteria respectively. A grey segment represents the fraction of residues that are not modelled.
The numeric value for each fraction is indicated below the corresponding segment, with a dot
representing fractions <=5% The upper red bar (where present) indicates the fraction of residues
that have poor fit to the electron density. The numeric value is given above the bar.

Mol | Chain | Length Quality of chain
1 1 438 59% 37%
1 B 438 61% 35%
2 2 181 51% 41% 6% -
2 C 181 49% 45% 5% -
3 3 783 54% 38% 5% .

Continued on next page...
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Continued from previous page...
Mol | Chain | Length Quality of chain

3 D 783 53% 39% 5% .
4 4 409 42% 47% %
4 E 409 45% 44% 6%
) ) 207 47% 41% 7% 5%
) F 207 50% 38% 7% 5%
6 6 181 28% 41% 17% 11%

6 G 181 L 32% 39% 15% 11%

7 9 182 57% 35% 7% .
7 O 182 58% 35% “6% -
8 7 129 65% 28% 5% e .
8 I 129 64% 30% 5% -
9 W 131 68% 25% R
9 X 131 68% 24% e
10 A 119 47% 42% 8% .
10 P 119 47% 44% Te% .
11 J 176 48% 37% T6% 9%
11 R 176 51% 34% To% 9%
12 K 95 46% 47% “6%
12 S 95 56% 39% 5%
13 L 606 59% 35% -
13 T 606 62% 33% o
14 M 469 49% 44% 5% -
14 U 469 49% 45% 5%
15 N 427 62% 35% o
15 \Y 427 63% 35% B

Continued on next page...
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Continued from previous page...

Mol | Chain | Length Quality of chain
16 H 365 45% 42% 7% ..
16 Q 365 45% 42% 7% ..

The following table lists non-polymeric compounds, carbohydrate monomers and non-standard
residues in protein, DNA, RNA chains that are outliers for geometric or electron-density-fit crite-
ria:

Mol | Type | Chain | Res | Chirality | Geometry | Clashes | Electron density
17 SF4 6 201 - - X -
17 SF4 9 201 - - X -
17 SF4 9 202 - - X -
17 SF4 B 501 - - X -
17 SF4 G 201 - - X -
17 SF4 O 201 - - X -
17 SF4 O 202 - - X -
19 FES D 804 - - X -
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2 Entry composition (i)

There are 19 unique types of molecules in this entry. The entry contains 73998 atoms, of which 0
are hydrogens and 0 are deuteriums.

In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate

conformation and the Trace column contains the number of residues modelled with at most 2
atoms.

e Molecule 1 is a protein called NADH-quinone oxidoreductase subunit 1.

Mol

Chain

Residues Atoms ZeroOcc | AltConf | Trace
1 1 437 gztlé;l 21080 5155 624 1S8 0 0 0
1 B 437 gztlil 21%0 51;15 6(2)4 188 0 0 0
e Molecule 2 is a protein called NADH-quinone oxidoreductase subunit 2.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
2 2 178 ?ZE)ZI 855 21;18 2%)5 2 0 0 0
2 ¢ 178 1012)%1 835 22]8 2((?5 2 0 0 0
e Molecule 3 is a protein called NADH-quinone oxidoreductase subunit 3.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
3 3 756 Egga; 37054 1(1)\157 1(?53 381 0 0 0
3 b 756 Egtgaél 37C54 1(1)\157 10053 331 0 0 0
e Molecule 4 is a protein called NADH-quinone oxidoreductase subunit 4.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
4 4 384 rggg;l 19075 51;2 5(5?9 181 0 0 0
4 B 384 rggg&;l 19075 51;2 5(5)9 181 0 0 0

e Molecule 5 is a protein called NADH-quinone oxidoreductase subunit 5.
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Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
o g 196 1607 1043 273 288 3 0 0 0
Total C N O S
o F 196 1607 1043 273 288 3 0 0 0
e Molecule 6 is a protein called NADH-quinone oxidoreductase subunit 6.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
6 6 161 1245 787 227 218 13 0 0 0
Total C N O S
6 G 161 1245 787 227 218 13 0 0 0
e Molecule 7 is a protein called NADH-quinone oxidoreductase subunit 9.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
7 ) 180 1388 890 232 255 11 0 0 0
Total C N O S
7 0 180 1388 890 232 255 11 0 0 0
e Molecule 8 is a protein called NADH-quinone oxidoreductase subunit 15.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
8 7 127 1031 664 183 181 3 0 0 0
Total C N O S
8 I 127 1031 664 183 181 3 0 0 0
e Molecule 9 is a protein called Putative uncharacterized protein TTHA1528.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
oW 127 067 623 165 175 4 0 0 0
Total C N O S
) X 127 067 623 165 175 4 0 0 0
e Molecule 10 is a protein called NADH-quinone oxidoreductase subunit 7.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
10 A 7 910 624 138 144 4 0 0 0

Continued on next page...
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Continued from previous page...
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
10 P 17 910 624 138 144 4 0 0 0
e Molecule 11 is a protein called NADH-quinone oxidoreductase subunit 10.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
1 J 160 1183 806 183 191 3 0 0 0
Total C N O S
1 R 160 1183 806 183 191 3 0 0 0
e Molecule 12 is a protein called NADH-quinone oxidoreductase subunit 11.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
12 K % 703 456 118 126 3 0 0 0
Total C N O S
12 S % 703 456 118 126 3 0 0 0
e Molecule 13 is a protein called NADH-quinone oxidoreductase subunit 12.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
13 L 605 4604 3089 740 756 19 0 0 0
Total C N O S
13 T 605 4604 3089 740 756 19 0 0 0
e Molecule 14 is a protein called NADH-quinone oxidoreductase subunit 13.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
14 M 467 3489 2363 546 572 8 0 0 0
Total C N O S
14 U 467 3489 2363 546 572 8 0 0 0
e Molecule 15 is a protein called NADH-quinone oxidoreductase subunit 14.
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
o N 427 3154 2125 505 518 6 0 0 0
Total C N O S
15V 427 3154 2125 505 518 6 0 0 0
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e Molecule 16 is a protein called NADH-quinone oxidoreductase subunit 8.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C O S
16 H 353 2838 1943 431 457 7 0 0 0
Total C O S
16 Q 353 2838 1943 431 457 7 0 0 0

e Molecule 17 is IRON/SULFUR CLUSTER (CCD ID: SF4) (formula: Fe,S,).

FE4

Fe

SF4

S3

Fe

FE1

Fe

S2

S4
Fe
S1 FE3
Mol | Chain | Residues Atoms ZeroOcc | AltConf
17 |1 | T°8tal ie i 0 0
17 |3 1 TOStal ie i 0 0
17 |3 1 TOStal ie i 0 0
17 |3 1 Togtal ie i 0 0
17 | 6 1 Togal ie i 0 0
17 |9 1 Togal ie i 0 0
17 | 9 1 TOStal ie i 0 0
17 B 1 TOStal ij’ i 0 0
17 D 1 TOStal ie i 0 0

Continued on next page...
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Continued from previous page...

Mol | Chain | Residues Atoms ZeroOcc | AltConf
17 | D 1 foral 1o 2 0 0
17 | D 1 foral 1o 2 0 0
17 | G 1 foral 1o 2 0 0
17 | 0 1 foral 1o 2 0 0
17 | 0 1 foal Te 3 0 0

e Molecule 18 is FLAVIN MONONUCLEOTIDE (CCD ID: FMN) (formula: C;7H2;N4OgP).

FMN
e HO — P — OHaw
o5 o‘:-s
“Ho L
e o,
o1 /:’:L\OHi
“\ ,;;-’Lff_‘ AL lIH
."-.1’ ; :z'r
0
Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total C N O P
'8 ! L 31 17 4 9 1 0 0
Total C N O P
8B L 31 17 4 9 1 0 0

e Molecule 19 is FE2/S2 (INORGANIC) CLUSTER (CCD ID: FES) (formula: FesSs).
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S FE2
Fe
Fe
FE1 S2
Mol | Chain | Residues Atoms ZeroOcc | AltConf
19 2 1 Toial 1;e 2 0 0
19 3 1 Toial F2e 2 0 0
19 | C 1 Toial 1;e g 0 0
19 | D 1 Toial I;e g 0 0
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA, DNA and oligosaccharide chains in the entry. The

first graphic for a chain summarises the proportions of the various outlier classes displayed in the

second graphic. The second graphic shows the sequence view annotated by issues in geometry and

electron density. Residues are color-coded according to the number of geometric quality criteria

for which they contain at least one outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more.

A red dot above a residue indicates a poor fit to the electron density (RSRZ > 2). Stretches of 2
or more consecutive residues without any outlier are shown as a green connector. Residues present

in the sample, but not in the model, are shown in grey.

e Molecule 1: NADH-quinone oxidoreductase subunit 1

37%

59%

Chain 1:

*

8TTH

9174
STTI

€TTT

6TCN

L7121
9121l
S§12d
4548

(454

6028

902d

v02d

LSTA

SSTY

€STY

6%TI

SPTT

157444

862d

762D
€629

682V
882h
1821

%821
€82d

08ev

LLTA

€8ed
28eY
18€d
08€d

8LED

9.eL

€LEN

TLEd
0LET

L9EW
99€4d

7oev

29€d
T9€4

85ed

95€0

¥5ed

9%ed

8EVY

9EVT
SEVS

€EVYH
cevd

9TvYd

124728
0zZ%b

e Molecule 1: NADH-quinone oxidoreductase subunit 1

8T
254"
E€TvS
(452

60%d

LO%A

Ll

007D
66€4

seed

L8€T
98€EN
S8€d

35%

61%

Chain B:

|
L1€0
9T€T

C1es
TIEW

00€T

862d

S6CS
62D
£62D
c6cd

682V
8820
1821

7821
082y
cLzd
0L2L
L92d
Y9CA
292H
1924
0924
652Y
j451an
€520
[4{A

1821
0S2x1

8%2d

vvea
[N

6ETV
8€Td
LETM
€ETY

62cd

Tees

8EVY
9EVT

EEVY
CEYd

9ChY

0z7h

8T¥)

j4574!

60%d

LO%A

i

£0%V
20%1

00%D

RLDWIDE

0O
PROTEIN DATA BANK

W

erpBe


https://www.wwpdb.org/validation/2017/XrayValidationReportHelp#residue_plots

4HEA

wwPDB X-ray Structure Validation Summary Report

Page 12

idoreductase subunit 2

-quinone ox

NADH

e Molecule 2

6%

41%

51%

Chain 2

684
880

0
0
IIH

~
—
i

<
-
[

. 0
23

0Td

< © D
2 [=] =]

9971

€971

80Td

T0TL
0071

o <
a0
<m

o
)
o

0671

6LTA
8L1d

9LTA

cL1D

697d

idoreductase subunit 2

-quinone ox

NADH

e Molecule 2

5%

45%

49%

Chain C

081
6.LH
8LA
LLY

0
w0
E]

8GTH
LST1

SSTV
811
€GT1

0§71
6714

pAARS
9YIL

i44%)
A%

157428

SETY
VETI

CeTd
TETV
0ETL

1218
{74 %]

A%y
CTTIA

0ZTh

8T1S
L1174

STID

(4375

80Td

S0TD

T0TL
00TT

v6d
€6V
{45
T6Y
067
684

8L14

9LTA

TLID

691d

9971

€971

idoreductase subunit 3

-quinone ox

NADH

e Molecule 3

5%

38%

54%

Chain 3

]
6711
8¥1d

EVIX

288
T8V

6ETL

LETA

Te€ed

pXaan
921
STTN

£ees

612d
8121

9124

L
3

98TH
S8TY

28TI

8.L14

9LT1

691d
89TH

991

29Td

6574

LST4

¥STA

LEEY
12T
TCEL
9T€Y
vied
S0€Y

€0gb
20ea

00€EM
6624

162D

68TM
88CI
1,823

gtacs
€8¢d

1821

6.Ley
8.2y
LLTT

S.T71
V.21

cLTd

3

8920
92V

3

8¥ca

44

€¥cy

617

LI7A

(4548

6071

L0¥d

L

86EN
L6ET

S6ed

T6eT

£€8ed
z8ed
18€T

LLEY

Slel
v.Led
€LED
TLED

69€T
89€H

29eN
TOEV

i

SGET

[4sioxcs

(G244
8¥ed
LYEH
€¥eT

6€€T

8ESY

veSy
€€ST
CTESA
TESH

€2ST
[aact
Tesy
0zsy

L8V
9TSGA

€150

TTSA

60SY

R LDWIDE

erbDeBe

L0ST

€0Sd

[4%ia 8

65V

O
PROTEIN DATA BANK

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 13

L29Y

7291

2e91

189T

783A
€839A

9.LSY

.93

CLSd

67SA

S¥Sd

T9SV
0%SN

YLy
€T.4
CTLY

0T.3

€V.LA

0v.Ld

-quinone ox

8ELL
LELF

ceLY

0€Ld

8CLT

ks

TTLL

e Molecule 3

0z.Ld

9TLT
ST.3

idoreductase subunit 3

NADH

5%

39%

53%

Chain D

L0

8%
LYW

2128

6%TT
8%Td

PTIN

[42%¢

80TA
LOTH

L6S

v6a

T6W

680

L8A

¥8A

6ETL

LgTa

veey

T€2d

6221

praan
9ze1
SZTN

€ees

612d
81CT

9724

60CL

L0TA

S02H
702H

[ds

L

0021
66TA

S61d
T6TA

{43358
1614
06TA

98TY
S8TH

2811

LL1d

*

0LTT

1914

6STd

LSTd

8¥ea

T7EA

LEEY

L2€eT

TCEL

9T€H

vied

S0eyd
Y0EN
€0ed

00eM
6624

162D

3

68CM

982N

v8cd
£8¢d

6.2y
8.Lcd
L.T1

S.21
7,21

TLTd

3

892a
92V

Piga

(04748
6EVd

SEVT

EEVY
(45748

SThY

0Z¥1
617Q

LT7A

(454!

OT¥H
60%1

LO¥%d
907V
So%d

T0%a

66€T

L6€T

T6eT

i

98€S
S8EV

£8€d
¢8ed

86%d

6%

%291

{444
T29A

L1971
9TON
STOA
¥191

1194

6091
809&

S09d
Y09y
£09d

009/
66SH

T6SH

68SH

18971

T
€83

9.L8Y
.99
.93

CLSd

()9
60LD

90.LD

YOLY
€00

TOLY
00L%

L1691

9694
7691
€694

6893
8894

9894

€891

9.L971
S.L94

ELIN
TLOY

7991

1990
099V
6593

LS9H
9591

594
€59d

8¥91

8€91

veoV

0€93

L29V

8ELL
LELT

CTELY

8CLT

idoreductase subunit 4

-quinone ox

NADH

e Molecule 4

6%

47%

42%

Chain 4

O

R LDWIDE
PROTEIN DATA BANK

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 14

€9H
291

LS8d

© © o
m M M
wn oo

o
m M
o=

-
™
(&

© o
N o
II - II:>

©
N
=

(435S

0T1d
60TA

LOTV
901D

Y011
€01
[d0xc
T0TA

661
86V

96V

v6ea
€6H
{434

06s

) 0 © [
«© ©Q ®© © <}
A = > o

T84

9.1
SLA
YLL
€4
CLH

893

9123

¥icd

< w0 © 0 o N m
~ N~ ~ N~ o
oo oo NN
aEsHEss W

7611
€671
(4315}

6814

L8TA

3

29TM

6STT

9GTI

L

[4hxs

671V

*

S¥1d
YYIL

S623

[434)]
1624

68CI
88¢)
L8TA

feictacy
82y

cLTn
TLea

9921
€920
2¢9cd
T92L
LSTA

99¢s
¥SCh

(G748
8¥TA

S¥eN

(448

8ETS

9€TH
SE€TL

2eet
1€ea

8CTA
pRa4cs

se¢ed
¥eer

6124

L1724

8€€d
LEEd
9€EH
GEEH!

€€€T
ZEEL

0EEH

8zed
LTEH

Scel

cced
TCEW

6TEL
8T1€d
L1€7T

STEH
vied

1red

60€T

70ed

(4018

662d
862d

LO%A
40708

00¥T
66€S
86V
L6€T
96€1

E6EN
26EQ
T6ed
06EA
68€h

S98€D

€8€A
z8ed

6.Led

€Led
TLEV

0LeN
69€X

idoreductase subunit 4

-quinone ox

NADH

e Molecule 4

6%

44%

45%

Chain E

8934

S¥1d

9211

€eT1
[4qxcs

8TTA

STTL
v113

(435

901D

Y011
€01
2otd
T0TA

86V

96V

76d

{4314

68H

L8R

S8

€8d

T84

9.1
SLA
YLL
€4
CLH

612H
812V
L12d
9124

¥1cd

66TH

L6111
96TA

¥6TT
€611
26TH
6814

L8TA

S81d

9921

€920
29zd
1921

LSTA

S¢S
¥sca

(G748
8¥TA

(74
6€C1
8ETS

9€TH
SeCl
€T

2eeT
1€ca

8TTA
pRa4cs

sced
j4445

[444]

08€s
6.Lgb

TLEY
0LeN
69€X

L9g4
99€X

€9€S

19€H

8GEA
LS€T

€S9€T

TSED

6VEV

Lv€d
9veEL

i

cven
1ved

8eed
Leed
9EEH
Seed

€e€d

0EEH
62EN

LCEH

wZen

zced
TCEW

6TEL
81€d

STEH
vied

T1ed
70eq

{4018

6074

-quinone ox

L0¥A
407208

66€S
86EV
L6EI
96€1

€6EN
z6ed
T6ed
06€A
68ed

S8€0

€8€X
¢8ed

idoreductase subunit 5

NADH

e Molecule 5

5%

7%

41%

X
~
<

€€Y

Chain 5
k-

9Ls

SLA

eLd
CTLA

N~ oo
o @m0
mE <

SEX
ved

{49}

0ZN

STA

otV

O

R LDWIDE
PROTEIN DATA BANK

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 15

0STA

8V
L7Td
911
Sv1d

0%1d

8€Td
LETL
9ETT

+

CETT

0€Td
6CTH

Letd
9214

j£49"
€CTD

12T
0z1a

8TTA

68TH

981D
S8TH

1811
081D

NADH

LLTA

SLTL

CTLIV

0L14

LSTL

e Molecule 5

SSTL

2ST1

idoreductase subunit 5

-quinone ox

5%

7%

38%

50%

Chain F

¥8a

280

8.d

9.8
SLA

€Ld

TLA

194

S9d
794

094

LSA
94a

3

(48
T8a

ved
€€Y

9CM

N <
] N
- =

0ZN

+

8T1d

o mwm
[ I ]
o < >

¥S1a

0STA

8¥IA
Lv1d
9PTT
Sv1d

L

8€Td
LETL
9€TT

TETA

CETT

praxce
9214

j£49"
€CTD

T2
0zta

8TTA
114
91Ty

€TTd
CTIN
TTTV

*

-quinone ox

601D

L0TT
90Ta

voTA
€0TL
20Td
TOTT

66d
860

963
€64

26A
164

o
0
[

7618

68TH

9819
S8TH

18T1
0819

NADH

LLTH

SLTL

L97d

i

e Molecule 6

LSTL

idoreductase subunit 6

11%

17%

41%

28%

Chain 6

9S8V

9L

TSN

674

n © ol
M M ]
L2 A~

o
™
=

ced
1ed

@
N
II:> IIII

©
N
X

eract

=
N
Iu‘r

N~
—
(SO

08TY
6LTL

LLTH

idoreductase subunit 6

YLV
ELIA
cLTd
TLTd
0411

S9Td

-quinone ox

€9TA
(4244
1910

3

LSTH

NADH

¥STT

CSTH
TSTA

3

LYT1

e Molecule 6

Y%

11%

15%

39%

32%

Chain G

98V

00Td
66N

164

68V

988
781

289

6.1
8LW

SLV

e Molecule 7

cLd

6LTL

LLTH

idoreductase subunit 9

YLV
ELIA

g
&)
=
e}
g
=
wosen o

NADH

Y811

TSI
TSTA

3

LYTT

Sv1a

EVTY

7%

35%

57%

Chain 9

O

R LDWIDE
PROTEIN DATA BANK

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 16

67D
oL
V1
{47
T¥H
vex
TEA

8ca

3

{44\

081D
6.L1D
8.L1d

€9TL
2sTY

671d
8vTYd
LyTH
9%Th
€VIL

0%TA

8ETA

*

e Molecule 7: NADH-quinone oxidoreductase subunit 9

EETH

961

6N
€61

——
6% -

35%

58%

Chain O:

3

(44N

0 ©
= o
MO

<
-
NE)

o
-
- O

@ @
= =i

081D

8.T4
LLTL

€9TA

T
w
-
e

€STL
2STH

8¥Td
Lv1d
9%Th
EVIL

0%TA

8ETA

*

EETH

e Molecule 8: NADH-quinone oxidoreductase subunit 15

TETA

62TT

9CTA

14478

TCTH
(4%

E€TTI
(434

OTTL
60Td
801D
LOTV

7010
€0TT

0074

o m
5% o«

28%

65%

Chain 7:

161

884

S.4
Y.Ld

891

99d

T9a
09s
657

Tad
081

8%A

v
izct
TII

ovd

62TV

pras |
9211

€21y

ozra

80TI

Sev

e Molecule 8: NADH-quinone oxidoreductase subunit 15

——
5% -«

30%

64%

Chain I:

© o
IIS&%

S.4
v.d

891

99d
S99

T9a
09s
651

081

874

oY
Sva
a2l

*

ovd
6€d

e Molecule 9: Putative uncharacterized protein TTHA1528

25%

68%

Chain W:

zeta

STTH

1111
OTT1

L0Td

00T.L

Svd

€70

6ed
8eh

SEL

0oex

9CTA
SCTI

€2Td

e Molecule 9: Putative uncharacterized protein TTHA1528

5% o o

24%

68%

Chain X:

O

R LDWIDE
PROTEIN DATA BANK

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 17

1111
OTT1T

L0Td

684
78
18T

8LA
LLT

PL1
%90
19

8G1

96d
feish!

TSH

Svd

i)

9CTX

€¢1d

6TIN

STTH

e Molecule 10: NADH-quinone oxidoreductase subunit 7

8%

42%

47%

Chain A:

LL4

(o)
©
=1

7SA

0Sd

9TTH
STTA

e Molecule 10: NADH-quinone oxidoreductase subunit 7

ETTA
60TA
80TT
L0Td
20T
96A
€64
061

989

78S

1378
08d

8.1

8%

44%

47%

Chain P:

L1149
9T
STTA

e Molecule 11: NADH-quinone oxidoreductase subunit 10

€T
60TXA
80TT
1074
2011
96A
€64
0671

98D

78S
€8A

T84
08d

L.

9%

6%

37%

48%

Chain J:

SSb

{41

0S4
674

L%
oY1

4728

-
—
=l

60TM
80T1T

Y011
€0TI

00TA

981
S8d

e Molecule 11: NADH-quinone oxidoreductase subunit 10

9%

6%

34%

51%

Chain R:

§8d

28D

8.0

9LY
S.4
vLT
€LT

TLI

694
891

991
S9N

feisii]

[4:)

084
674

Lva
971

LSTA
9GT1

YSTA

¢STA

60TM
80T1

Y011
€071

00TA

o
©
%]

L8A
981

D E

O

R L DWI
PROTEIN DATA BANK

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 18

1 idoreductase subunit 11

-quinone ox

NADH

e Molecule 12

6%

47%

N~ O OO
4 & & W0
Mo >0

46%

Chain K

L1

69V
89A

99V

€9A
{424

09A
63

LSY

SSGA

Ny
0
o

-
0
=]

Svd

s

N 0 o
M M S
< < =

+

0gs
621

Lea
921
SCI

€alL
{44}
114

611
8TA
L1D
4%
01T

LS

ST

€A

< © 0 o
NSNS~
AR S =

™

e}
D
ru

NADH

S8L

[4:1:4

idoreductase subunit 11

-quinone ox

e Molecule 12

—
5%

39%

56%

o o
N ®
= -

Chain S

284

6.4
8.1

9LA

7L

L1
TLD

69V
89A

99V

€9A
{424

09A

LSV
sb

197
059

id )
LYY

Svd

(U

LeA

S6D

880

S8l

i idoreductase subunit 12

-quinone ox

NADH

e Molecule 13

35%

59%

Chain L

(438
T6ev

88H

8L
08A

0 o W~
© © ~
= =

998
994

€91

091

LSV

AL
€SV

€%
(4781
Tvd

6EV

LEA
9¢€T

€eV

TEA
0€D

821
Led
ferac
Scy
441

0zd

L11
911

14
€10
2Tl
111

7818
€811

LLTM
9.TT
SLTI

ELTN

TLTT

6974

€914

T9TA

6STd

€5TQ

id28

(418}
88zh
182D
9824
8¢V
8.LTV
0L21

L92s
99ZA

€921
6921

LSTS

SG2H

672D

9%CA

154418

T¥CH

vecL

TETV

€TTN
2ee

PATAY

4548

L0271

[4va

761D

CBTH

0673
6814

1874
981S

€8eM

08€S
6.L€T

LLed

*

€LE7T

S9€H

£9eY
09ed
69€T
8SG€H

SG€T
¥sed

TSEN

67EN
8ved

S%ED
T¥EH
oveT
6EEA

TeeT

8zed

SCEH
Yzel

CTEN
TCEH

61€T

STEX

T1€D

60€Y
S0€X

zogeb
T0€S

86TS

S62ZA
vecI

S.vd
YLvA

TL%d
0L%d

89¥%A

29%d
1971

8974
LS7D

9GP
7SvA
€975
0S¥V
€vP1

6EYd

LEVH

8Cyd

9TV
SCvd

£€Cy1
(4478

6T%d
8TV
LIVV
9TVA

25414
€T¥L

80%1

L6€d

£6€71

68€1
88€1
L8EY
98€d

v8es

$954

29SS

0951

%584

S%9d

T¥SI
15720

8E3GA

besn

8¢SS

r4=kcs

(44

0ZsM
615V

1184
9TSA
STSA

1164

805D

S0ST

€081

667V

¥6v1
€671

T67M

88%D
L8¥%1

Y8VH

LLYT

€09A

T091

2651
1641

883A

9891
S8SK

085y
6.LSV

LLSD
9.5b
S.SD

L9571

1 idoreductase subunit 12

-quinone ox

NADH

e Molecule 13

R LDWIDE

O

PROTEIN DATA BANK

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 19

33%

62%

Chain T

20Ts

S6N

261
Tev

88H

8L

LLT

691
891

998
S94

€91

091
6SM

LSV

€SV

671

ev1

0zcd

761D

0673
68T

1874

TL1T

6974

€974

TOTA

65T

LSTH
9STY

€5Ta

9¥IX

(47450

8€ETS

TETM

6CTI
8214

9CTA
SCTd

€e1s
czra

9111

S0Td
7014
€0TY

zoed
T0€ES

8628

S62ZA
7621

[4:1a:8
T6ecI

88zh
1829
9824
S8eY
1829
8.tV
0.21
992A
LSTS
§GcH
672D

9%CA

1

T¥CH
[z

YETL

TETH
TETV

€TTN
ezT1

1128

Y1ZA

[414)

6021

1021
902D

20TT

*

Leed

€6€T

68€T
88€1
L8EV
98€d

¥8es

08€s
6.,ET

LL8d

+

€LET

S9€H

€9¢€Y
09ed
6GET
89€H

SSET
73€d

TGEN

6VEA
8¥ed

Sved

0¥eI
6EEN

LEED

veeT

TEET

8zed

SCEH
el
eced
2TEN
TCeH

60€V

SO0€X

L8¥'1

78VH

LLYT

S.vd
YLvN

TLvd
0L%d

89%A

29%d
T9%1

6SPT
8SVA

SSPT
vSvA
€S¥S

0S¥V
6771

evvT

6€7d

LEVE

82vd

9T¥'T
SThd

€CV1
(4478

6174

16571
1854
6.5V
LLSD
9180
VAR
L9971

0991

iEES
€591

S¥Sd

vSI
1991

8ESK

SE€SA
veSN

8¢3s

er4sicy

[44ci8

0zZsM
6TSY

PASES
9TSA
STSY

T184

809D

S0§7T

9671

Y6vI
€671

T67M

88¥D

1091
00971

i idoreductase subunit 13

-quinone ox

NADH

e Molecule 14

5% «

44%

49%

Chain M

T8

9ZA

A
0TA
6d

. .
= < A

4443

(444
1144\

6120

1124
912d
ST12d

E€TCM

TTCH

9LTT

0418
6911

99TV

€9TA
29TV

09TT
B6STH

9STS

€STT
ZSTL

0811
67TA
8¥Td
SP11
EVTY
(47400
T71d

9€TA

L1ev

v1e1
€T€X
21el
T1€D

LO€D
90€d
S0€d

L

Toed
00€A

96Ty

E€6CN

162S

682D

28Ty

6,23

Lley
v.L2A
0LTA
89eV
S9cTV
0921
it}
(G741
8¥CT

Lved

iza
cyed

N M 0
Mo on 0
NN
oA

0€TT

Leey
92C1

(45721
14574)]

LO¥T

SO%A
20%s
66EN
86€S
LBET

gseey
v6€1

68€d

1

28€'1

08€L

idoreductase subunit 13

6v€b
8YEV

cved
T9€1

NADH

8EEL

T} N~
288

[
)
o
>

Q
(i)
ué’l

~
o
™
—

Scel
¥zed

2eeL

T9%4

6574

[4cig
1S9V

6774
8¥¥d

0¥¥1

-quinone ox

8EVT
LEVA

SEVT

ETVL

e Molecule 14

RLDWIDE

0O
PROTEIN DATA BANK

erpBe

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 20

5%

45%

49%

Chain U

18d
991

S¢D

Ted

61D

L11

1

€10

A
0TA

81

(448

STV

6TTA

LITA

STTT
vi1a
€174

TTTV

60TT

L0TT

€84

a8
T02d
¥6T4
T614d
88TH
1874
981D

81T
0811

9L11

PLTL

6911

99TV

7911
€9TA
[4°154

09TT
B6STH

9418

€STT

0STT

6%TA

9¥TX
SP11

EVTY

L1ev
v1e1
€T€X
C1el
T1€D
LOED

90€d
S0€d

coges
Toed
00€A

Lecy
962V

1628
28Ty
6.2%
8.LTV
L.V

§2xa

892V
S92y
2924
0921
sszh
672V
8%CT
L¥2d

svey

evey
cyed

9ETA
geeH
12198
€€TT
CETL

0€TT

pkaq §

14278

ved
T%€1

8EEL
LEED

SEEY

EEER

Teed
0EED

LTET

SceT

2eeL

6573

9G6¥%d

[4cigs
T1S%V

idoreductase subunit 14

(6174728

ETvL
(45721
13574]

LO¥T

e Molecule 15

SO¥A

20%s

-quinone ox

NADH

35%

62%

Chain N

SOTT
7011
€0TH

TOTL

S6N

(434

88A
181

S84

€84
[4:X!

€LL

891
197

TOA

6CL

L2d

902d
T02h

L6Td
96TL

v6Td
€6TH

08TT

+

8LTT

YL1T

CLIK

3

8913

SOTV

€9TT

6GT1D
8STL

9GTD

¥9T4
€911

TSTY

6714
8¥TT

SETH
PETT

621D
8TTh

92TH
SCTH
jZ45%
€CTL

1211

8111

Y111

(435

80TT
LOTH
9011

162V
0621

L8T1

9.2
SLTL

€LT1
LTV
T.21
0,2V

89TA

S9CH

LETA

SETT

TeCH

¥ce1
L1V
TIZH

0124
6021

L0zZA

(4028

v8evy
£8€4

08€1

8LET

SLEX
YLER

CLEY

0LEA

89€S
L9€L
99€A
C9EN
8GEM

vSed

[4ci4
TSed
0sey
64

LYET

sved
¥ved

0veY

8€€d

€EET

6CEV

LT€Y
9T€L

erey

60€T

90€d
S0ea

9624

¥621

-quinone ox

El470]
STHY

0Z¥%1
6T7A
8T%1

e Molecule 15

9T¥%d
STP1

(4574

60%1
80%1

90%D

idoreductase subunit 14

NADH

35%

63%

Chain V

6CL

80TA
L0ZA
902d
€0TS
T02d
96TL
€6TH
€811
08TT
8L11

CLIX

691D
8914

SOTV

RLDWIDE

€9TT
9GTD
€STT
8%11
LETA

621D
8ZT

92TH
SeTd
j745

0O
PROTEIN DATA BANK

erpBe

W



4HEA

wwPDB X-ray Structure Validation Summary Report

Page 21

18T1

S821
¥8cx
€824

1

1821
082V
6.2d

LETA

vecy

T€TH

6¢cd

9CTA

¥ze1

L1V

vies

TICH

0124
6021

(4574
(4028

S6€d

v8ev
£8€4

08€T

8LET

SLEX
vLex

89€S
L9€L
99€A
C9EA
8GEM

vSed

CGEY
TSed
0sey
64

LYET
oveX
sved
¥ved
8€€d
€EET
6CEV

9¢ed
SCEV

L1€Y
9T€X

e€1eY

60€T

S0eda

v621

T6Cy

9T¥d
STHY

6T¥A
81T

e Molecule 16

9T¥d
ST¥1

idoreductase subunit 8

-quinone ox

NADH

7%

42%

45%

Chain H

693
894
L91

SO
79I

091

8S5b

iep)

[4°]
TSA

67N
8¥%d

OV
SvY

€70

L5t

6€T
8€T
LeY
ogd
Sed
Ve

cel
TEN

~ 2]
] N
I<I<I

T2A

LTV
9N

E€TA

M
OTA
6d
8a

9d

CS1s
TS81D
0ST1

LYTA

L

EVIS

TPIM
071D

8ETT
LETA
9ETI
YETA

€11

+
L

SeT1
4428

(4458

611d
8TTT
LTIN
9TTI

437

[431]

+

80Td

[4 %S

00TI
661

164
96V

98d
S8Y

CcLI
1.0

(44

9zzh
eraacs
j444§

zeed

6124

90CA

%021
€024

T02d

8GTS

9GTS
SGTS

€GT1

09¢d
6921

6VCA
figact

3

6€CI

LETS

S€TH

€G€T

LEET

idoreductase subunit 8

-quinone ox

NADH

e Molecule 16

7%

42%

45%

Chain Q

091

850

eiep)

LYTXA

*

EVIS

TPIM

8ETT
LETA
9€TI

YETA

TETT

-
+

LTTY

S2TT
4428

(4450

611a
8TTT
LTIN
9TTI

YTIM

[4314]

60T
80Td

20Td

00TI
661
869D
L6d
96Y

761

98d
S8V

€8A

9Ld
SLY
YLA

CLI

4444

ceed

6124

STV
4141
ered
(424

90CA

7021
€024

T02d

66TV

i

6€CI

LETS

Se€Td

6CCA

0%eT

LEET

veed

O

R LDWIDE
PROTEIN DATA BANK

W



Page 22 wwPDB X-ray Structure Validation Summary Report
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4 Data and refinement statistics (i)

Property Value Source
Space group P1211 Depositor
Cell constants 96.28A  340.89A 263.30A .
Depositor
a, b, c,a, B,y 90.00°  100.57°  90.00°
. 40.00 - 3.30 Depositor
Resolution (A) 4000 — 3.30 EDS
% Data completeness 93.7 (40.00-3.30) Depositor
(in resolution range) 93.7 (40.00-3.30) EDS
Rinerge 0.25 Depositor
Rsym 0.25 Depositor
<I/o(I)>" 1.60 (at 3.32A) Xtriage
Refinement program PHENIX (phenix.refine: dev_1041) Depositor
R R 0.202 , 0.239 Depositor
) Thfree 0.202 , 0.234 DCC
Rree test set 2417 reflections (0.97%) wwPDB-VP
Wilson B-factor (A?) 76.0 Xtriage
Anisotropy 0.003 Xtriage
Bulk solvent kg (e/A®), By, (A?) 0.22 , 16.5 EDS
L-test for twinning? <|L] >=0.36, < L*>=0.18 Xtriage
Estimated twinning fraction 0.377 for h-k,-h-1 Xtriage
Reported twinning fraction 0.470 for -h,-k,h-+1 Depositor
Outliers 0 of 233384 reflections Xtriage
F,.F. correlation 0.94 EDS
Total number of atoms 73998 wwPDB-VP
Average B, all atoms (A?) 74.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: The largest off-origin peak in the Patterson
function is 3.10% of the height of the origin peak. No significant pseudotranslation is detected.

Intensities estimated from amplitudes.

2Theoretical values of < |L| >, < L? > for acentric reflections are 0.5, 0.333 respectively for untwinned datasets,

and 0.375, 0.2 for perfectly twinned datasets.
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section: FES,
FMN, SF4

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z]| > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles
Mol | Chain | prigy7 1 47155 | RMSZ 47| >5

1 1 0.45 0/3506 0.98 7/4745 (0.1%)
1 B 0.44 0/3506 0.97 8/4745 (0.2%)
2 2 0.51 0/1439 1.05 8/1953 (0.4%)
2 C 0.50 0/1439 1.03 7/1953 (0.4%)
3 3 0.59 0/6035 1.17 51/8185 (0.6%)
3 D 0.57 0/6035 1.15 45/8185 (0.5%)
1 1 0.54 0/3150 1.14 | 24/4284 (0.6%)
1 E 0.52 0/3150 1.11 | 25/4284 (0.6%)
5 5 0.48 0/1656 1.10 7/2246 (0.3%)
5 F 0.45 0/1656 1.07 10/2246 (0.4%)
6 6 0.76 1/1273 (0.1%) 1.46 24/1723 (1.4%)
6 G 0.77 | 1/1273 (0.1%) 1.45 23/1723 (1.3%)
7 9 0.64 0/1423 1.19 12/1933 (0.6%)
7 O 0.59 0/1423 1.15 7/1933 (0.4%)
8 7 0.50 0/1059 1.00 3/1429 (0.2%)
8 I 0.43 0/1059 0.96 1/1429 (0.1%)
9 W 0.52 0/985 1.10 7/1335 (0.5%)
9 X 0.52 0/985 1.10 10/1335 (0.7%)
10 A 0.53 0/940 1.14 10/1280 (0.8%)
10 P 0.52 0/940 1.12 6,/1280 (0.5%)
11 J 0.50 0/1206 0.97 2/1649 (0.1%)
11 R 0.54 0/1206 0.97 2/1649 (0.1%)
12 K 0.51 0/710 0.96 0/962
12 S 0.50 0/710 0.95 0/962
13 L 0.47 0/4741 1.05 25/6460 (0.4%)
13 T 0.46 0/4741 1.04 23/6460 (0.4%)
14 M 0.52 0/3591 1.08 21/4896 (0.4%)
14 U 0.54 0/3591 1.07 22/4896 (0.4%)
15 N 0.48 1/3238 (0.0%) 1.05 13/4434 (0.3%)
15 \Y 0.47 0/3238 1.02 14/4434 (0.3%)
16 H 0.63 | 1/2935 (0.0%) | 1.16 | 21/4014 (0.5%)
16 Q 0.63 | 1/2935 (0.0%) | 1.16 | 18/4014 (0.4%)
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Bond lengths Bond angles
RMSZ #|Z| >5 RMSZ #|Z] >5
All All 0.53 | 5/75774 (0.0%) | 1.10 | 456/103056 (0.4%)

Mol | Chain

Chiral center outliers are detected by calculating the chiral volume of a chiral center and verifying if
the center is modelled as a planar moiety or with the opposite hand.A planarity outlier is detected
by checking planarity of atoms in a peptide group, atoms in a mainchain group or atoms of a
sidechain that are expected to be planar.

Mol | Chain | #Chirality outliers | #Planarity outliers
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All (5) bond length outliers are listed below:

Mol | Chain | Res | Type | Atoms | Z | Observed(A) | Ideal(A)
16 Q 149 | LEU | CA-C | -6.12 1.45 1.52
6 G 63 | PHE | CA-C | -5.87 1.45 1.52
15 N 229 | PRO | CA-C | 5.78 1.55 1.51
6 6 63 | PHE | CA-C |-5.16 1.46 1.52
16 H 149 | LEU | CA-C | -5.06 1.46 1.52

The worst 5 of 456 bond angle outliers are listed below:

Mol | Chain | Res | Type | Atoms Z Observed(°) | Ideal(°)
15 N 228 | ALA | CA-C-N | 14.85 130.50 119.66
15 N 228 | ALA | C-N-CA | 14.85 130.50 119.66
6 6 29 ASP | N-CA-C | -14.55 98.03 114.62
6 G 59 | ASP | N-CA-C | -14.53 98.06 114.62
15 \Y 228 | ALA | CA-C-N | 13.95 129.84 119.66
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There are no chirality outliers.

5 of 44 planarity outliers are listed below:

Mol | Chain | Res | Type | Group
175 | ALA | Peptide
20 | LEU | Peptide
56 | ALA | Peptide
57 | ARG | Peptide
70 | ALA | Peptide

D S| | D
[o2] Ror] Her] Nep] Rep]

5.2 Too-close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogen
atoms added and optimized by MolProbity. The Clashes column lists the number of clashes within
the asymmetric unit, whereas Symm-Clashes lists symmetry-related clashes.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 1 3417 0 3388 150 0
1 B 3417 0 3388 136 0
2 2 1406 0 1373 83 0
2 C 1406 0 1373 80 0
3 3 9895 0 5930 242 0
3 D 9895 0 9930 246 0
4 4 3067 0 3049 200 0
4 E 3067 0 3049 186 0
) 3 1607 0 1574 106 0
5 F 1607 0 1574 89 0
6 6 1245 0 1255 162 0
6 G 1245 0 1255 149 0
7 9 1388 0 1383 67 0
7 O 1388 0 1383 61 0
8 7 1031 0 1029 41 0
8 I 1031 0 1029 43 0
9 W 967 0 1010 30 0
9 X 967 0 1010 27 0

10 A 910 0 939 80 0
10 P 910 0 939 82 0
11 J 1183 0 1286 72 0
11 R 1183 0 1286 64 0
12 K 703 0 47 50 0
12 S 703 0 47 38 0
13 L 4604 0 4734 173 0
13 T 4604 0 4734 159 0

Continued on next page...
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Continued from previous page...

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
14 M 3489 0 3606 201 0
14 U 3489 0 3606 186 0
15 N 3154 0 3343 118 0
15 \Y 3154 0 3343 111 0
16 H 2838 0 2903 214 0
16 Q 2838 0 2903 206 0
17 1 8 0 0 1 0
17 3 24 0 0 0 0
17 6 8 0 0 2 0
17 9 16 0 0 6 0
17 B 8 0 0 2 0
17 D 24 0 0 0 0
17 G 8 0 0 2 0
17 O 16 0 0 7 0
18 1 31 0 19 4 0
18 B 31 0 19 3 0
19 2 4 0 0 1 0
19 3 4 0 0 1 0
19 C 4 0 0 1 0
19 D 4 0 0 2 0

All All 73998 0 75136 3370 0

The all-atom clashscore is defined as the number of clashes found per 1000 atoms (including
hydrogen atoms). The all-atom clashscore for this structure is 23.

The worst 5 of 3370 close contacts within the same asymmetric unit are listed below, sorted by
their clash magnitude.

Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
6:6:57:ARG:CD | 6:6:60:LEU:HD11 1.35 1.55
6:G:57:ARG:CD | 6:G:60:LEU:HD11 1.43 1.49
6:6:57:ARG:HD2 | 6:6:60:LEU:CD1 1.46 1.46
6:G:57:ARG:HD2 | 6:G:60:LEU:CD1 1.52 1.40
6:6:57:ARG:CD 6:6:60:LEU:CD1 2.05 1.20

There are no symmetry-related clashes.
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5.3 Torsion angles (i)

5.3.1 Protein backbone (i)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries

of similar resolution.

The Analysed column shows the number of residues for which the backbone conformation was

analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 1 435/438 (99%) | 405 (93%) | 28 (6%) 2 (0%) 24 55
1 B 435/438 (99%) | 406 (93%) | 27 (6%) 2 (0%) 24 55
2 2 176/181 (97%) 164 (93%) | 11 (6%) 1 (1%) 21 52
2 C 176/181 (97%) 164 (93%) | 11 (6%) 1 (1%) 21 52
3 3 750/783 (96%) 695 (93%) | 54 (7%) 1 (0%) 48 175
3 D 750/783 (96%) 695 (93%) | 54 (7%) 1 (0%) 48 | 75
4 4 382/409 (93%) 351 (92%) | 29 (8%) 2 (0%) 24 55
4 E 382/409 (93%) 351 (92%) | 29 (8%) 2 (0%) 24 55
5 5 194/207 (94%) 182 (94%) | 12 (6%) 0
5 F 194/207 (94%) 182 (94%) | 12 (6%) 0
6 6 157/181 (87%) 140 (89%) | 15 (10%) | 2 (1%)

6 G 157/181 (87%) 141 (90%) | 14 (9%) 2 (1%)

7 9 178/182 (98%) 166 (93%) | 11 (6%) 1 (1%) 21 52
7 O 178/182 (98%) 167 (94%) | 10 (6%) 1 (1%) 21 52
8 7 125/129 (97%) 116 (93%) 9 (7%) 0 100 § § 100
8 I 125/129 (97%) | 116 (93%) | 9 (7%) 0 100 | 100]
9 W 125/131 (95%) 121 (97%) 3 (2%) 1 (1%) 161 45
9 X 125/131 (95%) 121 (97%) 3 (2%) 1 (1%) 161 45
10 A 115/119 (97%) 105 (91%) 7 (6%) 3 (3%) 23
10 P 115/119 (97%) 105 (91%) 7 (6%) 3 (3%) 23
11 J 158/176 (90%) 143 (90%) | 14 (9%) 1 (1%) 21 52
11 R 158/176 (90%) 142 (90%) | 15 (10%) | 1 (1%) 21 52
12 K 93/95 (98%) 87 (94%) 5 (5%) 1 (1%) 39
12 S 93/95 (98%) 87 (94%) 5 (5%) 1 (1%) 111 39
13 L 603/606 (100%) | 555 (92%) | 43 (7%) 5 (1%) 161 45

Continued on next page...


https://www.wwpdb.org/validation/2017/XrayValidationReportHelp#torsion_angles
https://www.wwpdb.org/validation/2017/XrayValidationReportHelp#protein_backbone

Page 28 wwPDB X-ray Structure Validation Summary Report 4HEA
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Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
13 T 603,/606 (100%) | 555 (92%) | 43 (7%) 5 (1%) 161 45
14 M 465/469 (99%) 428 (92%) | 33 (%) 4 (1%) 147 43
14 U 465/469 (99%) 428 (92%) | 33 (%) 4 (1%) 147 43
15 N 425/427 (100%) | 398 (94%) | 25 (6%) 2 (0%) 24 55
15 \Y 425/427 (100%) | 396 (93%) | 27 (6%) 2 (0%) 24 55
16 H 351/365 (96%) 309 (88%) | 33 (9%) 9 (3%) 23
16 Q 351/365 (96%) 309 (88%) | 33 (9%) 9 (3%) 23
All All 9464/9796 (97%) | 8730 (92%) | 664 (7%) | 70 (1%) 181 49

5 of 70 Ramachandran outliers are listed below:

Mol | Chain | Res | Type
1 1 5 ILE

6 6 61 ALA

7 9 23 THR
10 A 43 PRO
13 L 434 HIS

5.3.2 Protein sidechains ()

In the following table, the Percentiles column shows the percent sidechain outliers of the chain as a
percentile score with respect to all X-ray entries followed by that with respect to entries of similar
resolution.

The Analysed column shows the number of residues for which the sidechain conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 1 355/356 (100%) | 338 (95%) 17 (5%) 23 52
1 B 355/356 (100%) | 337 (95%) 18 (5%) 21 50
2 2 150/152 (99%) 137 (91%) 13 (9%) 9} 32
2 C 150/152 (99%) | 136 (91%) | 14 (9%) 8] 30
3 3 609/628 (97%) 559 (92%) | 50 (8%) 35
3 D 609/628 (97%) 560 (92%) | 49 (8%) 111 36
4 4 332/355 (94%) 313 (94%) 19 (6%) 181 47
4 E 332/355 (94%) 313 (94%) 19 (6%) 181 47
5 5 167/175 (95%) 157 (94%) 10 (6%) 177 46

(2)
v
E
&
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Mol | Chain Analysed Rotameric | Outliers | Percentiles
5 F 167/175 (95%) 157 (94%) | 10 (6%) 177 46
6 6 130/149 (87%) | 108 (83%) | 22 (17%) |
6 G 130/149 (87%) 108 (83%) | 22 (17%) 10
7 9 148/150 (99%) 138 (93%) | 10 (7%) 147 42
7 O 148/150 (99%) 138 (93%) | 10 (7%) 147 42
8 7 104/106 (98%) 98 (94%) 6 (6%) 181 47
8 I 104/106 (98%) 98 (94%) 6 (6%) 181 47
9 W 99/101 (98%) 93 (94%) 6 (6%)

9 X 99/101 (98%) 92 (93%) 7 (7%)
10 A 90/92 (98%) 83 (92%) 7 (8%)
10 P 90/92 (98%) 84 (93%) 6 (7%)
11 J 118/130 (91%) 100 (85%) | 18 (15%)
11 R 118/130 (91%) 100 (85%) | 18 (15%)
12 K 71/71 (100%) 63 (89%) 8 (11%)
12 S 71/71 (100%) 64 (90%) 7 (10%)
13 L 453/454 (100%) | 430 (95%) | 23 (5%)
13 T 453/454 (100%) | 429 (95%) | 24 (5%) 20 49
14 M 332/332 (100%) | 305 (92%) | 27 (8%) 117 36
14 U 332/332 (100%) | 306 (92%) | 26 (8%) 117 36
15 N 302/302 (100%) | 292 (97%) | 10 (3%) 33 59
15 \Y 302/302 (100%) | 292 (97%) | 10 (3%) 33 59
16 H 293/300 (98%) 268 (92%) | 25 (8%) 33
16 Q 293/300 (98%) 268 (92%) | 25 (8%) 33
All All 7506/7706 (97%) | 6964 (93%) | 542 (T%) 40

5 of 542 residues with a non-rotameric sidechain are listed below:

Mol | Chain | Res | Type
13 T 185 ILE
13 T 516 VAL
13 T 176 LEU
16 Q 50 ARG
13 L 245 MET
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Sometimes sidechains can be flipped to improve hydrogen bonding and reduce clashes. 5 of 39
such sidechains are listed below:

Mol | Chain | Res | Type
3 D 616 ASN
12 S 81 HIS
3 D 709 GLN
6 G 153 GLN
16 Q 183 ASN

5.3.3 RNA (D

There are no RNA molecules in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA /RNA residues in this entry.

5.5 Carbohydrates (i)

There are no oligosaccharides in this entry.

5.6 Ligand geometry (i)

20 ligands are modelled in this entry.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the Chemical Component Dictionary. The
Link column lists molecule types, if any, to which the group is linked. The Z score for a bond
length (or angle) is the number of standard deviations the observed value is removed from the
expected value. A bond length (or angle) with |Z| > 2 is considered an outlier worth inspection.
RMSZ is the root-mean-square of all Z scores of the bond lengths (or angles).

. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link | o o RMSZg #1Z| > 2 | Counts RMSZg 47| > 2
17 SF4 6 201 6 0,12,12 - - -
17 SFk4 9 202 7 0,12,12 - - -
18 | FMN 1 502 - 33,33,33 | 1.07 2 (6%) | 48,50,50 | 1.45 11 (22%)
17 | SF4 3 (80l | 3 | 01212 _ _ _
17 | SF4 D |80l | 3 | 01212 _ _ _
17 SFk4 B 501 1 0,12,12 - - -
17 | SF4 O | 201 7 | 01212 _ _ _

WO RLDWIDE
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. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link | oo RMSZg #4|Z| > 2 | Counts RMSZg MVAES:
19 FES 2 201 2 0,4,4 - - -
17 SFk4 G 201 6 0,12,12 - - -
19 | FES D 804 | 3 0,44 _ _ _
19 FES 3 804 3 0,4,4 - - -
18 | FMN B 502 - 33,33,33 | 1.09 2 (6%) | 48,50,50 | 1.37 9 (18%)
17 SFk4 1 501 1 0,12,12 - - -
17 SF4 3 802 3 0,12,12 - - -
17 SF4 9 201 7 0,12,12 - - -
19 | FES C 201 | 2 0,4,4 _ _ _
17 | SF4 D |803| 3 | 012,12 _ _ _
17 | SF4 O |202] 7 |o0,1212 _ _ _
17 | SF4 3 803 | 3 | 0,12,12 3 3 5
17 SFk4 D 802 3 0,12,12 - - -

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the
Chemical Component Dictionary. Similar counts are reported in the Torsion and Rings columns.
’-> means no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals Torsions Rings
18 | FMN 1 502 - - 8/18/18/18 | 0/3/3/3
17 SF4 6 201 6 - - 0/6/5/5
17 SF4 9 202 7 - - 0/6/5/5
17 SF4 3 801 3 - - 0/6/5/5
17 SF4 D 801 3 - - 0/6/5/5
17 SFk4 B 501 1 - - 0/6/5/5
17 SFk4 O 201 7 - - 0/6/5/5
19 FES 2 201 2 - - 0/1/1/1
17 SF4 G 201 6 - - 0/6/5/5
19 FES D 804 3 - - 0/1/1/1
19 FES 3 804 3 - - 0/1/1/1
18 | FMN B 502 - - 9/18/18/18 | 0/3/3/3
17 SF4 1 501 1 - - 0/6/5/5
17 SF4 3 802 3 - - 0/6/5/5
17 SF4 9 201 7 - - 0/6/5/5
19 FES C 201 2 - - 0/1/1/1
17 SF4 D 803 3 - - 0/6/5/5
17 SFk4 O 202 7 - - 0/6/5/5
17 SF4 3 803 3 - - 0/6/5/5
17 SF4 D 802 3 - - 0/6/5/5

All (4) bond length outliers are listed below:
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Mol | Chain | Res | Type | Atoms | Z | Observed(A) | Ideal(A)
18 B 502 | FMN | C4A-N5 | 3.36 1.38 1.30
18 1 502 | FMN | C4A-N5 | 3.31 1.37 1.30
18 B 502 | FMN | C10-N1 | 2.74 1.38 1.33
18 1 502 | FMN | C10-N1 | 2.65 1.38 1.33

The worst 5 of 20 bond angle outliers are listed below:

Mol | Chain | Res | Type Atoms Z | Observed(°®) | Ideal(®)
18 1 502 | FMN C4-N3-C2 -3.56 119.32 125.64
18 B 502 | FMN C4-N3-C2 -3.53 119.37 125.64
18 1 502 | FMN | C5A-C9A-N10 | 3.08 120.75 117.97
18 1 502 | FMN | C4A-C10-N1 | -2.77 117.80 124.59
18 B 502 | FMN | C5A-C9A-N10 | 2.74 120.44 117.97

There are no chirality outliers.

5 of 17 torsion outliers are listed below:

Mol | Chain | Res | Type Atoms
18 1 502 | FMN | C2’-C1-N10-C10
18 1 502 | FMN | N10-C1’-C2’-02’
18 1 502 | FMN | N10-C1’-C2’-C3’
18 1 502 | FMN | C1-C2’-C3-03’
18 1 502 | FMN | C1’-C2’-C3’-C4’

There are no ring outliers.

14 monomers are involved in 32 short contacts:

Mol | Chain | Res | Type | Clashes | Symm-Clashes
17 6 201 | SF4 2 0
17 9 202 | SF4 4 0
18 1 502 | FMN 4 0
17 B 501 | SF4 2 0
17 O 201 | SF4 2 0
19 2 201 | FES 1 0
17 G 201 | SF4 2 0
19 D 804 | FES 2 0
19 3 804 | FES 1 0
18 B 502 | FMN 3 0
17 1 501 | SF4 1 0
17 9 201 | SF4 2 0
19 C 201 | FES 1 0
17 O 202 | SF4 5 0
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The following is a two-dimensional graphical depiction of Mogul quality analysis of bond lengths,
bond angles, torsion angles, and ring geometry for all instances of the Ligand of Interest. In
addition, ligands with molecular weight > 250 and outliers as shown on the validation Tables will
also be included. For torsion angles, if less then 5% of the Mogul distribution of torsion angles is
within 10 degrees of the torsion angle in question, then that torsion angle is considered an outlier.
Any bond that is central to one or more torsion angles identified as an outlier by Mogul will be
highlighted in the graph. For rings, the root-mean-square deviation (RMSD) between the ring
in question and similar rings identified by Mogul is calculated over all ring torsion angles. If the
average RMSD is greater than 60 degrees and the minimal RMSD between the ring in question and
any Mogul-identified rings is also greater than 60 degrees, then that ring is considered an outlier.
The outliers are highlighted in purple. The color gray indicates Mogul did not find sufficient
equivalents in the CSD to analyse the geometry.
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Ligand FMN B 502

Bond lengths

Torsions

5.7 Other polymers (i)

There are no such residues in this entry.

5.8 Polymer linkage issues (i)

There are no chain breaks in this entry.
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6 Fit of model and data (i)

6.1 Protein, DNA and RNA chains (i)

In the following table, the column labelled ‘#RSRZ> 2’ contains the number (and percentage)
of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,
median, 95" percentile and maximum values of the occupancy-weighted average B-factor per
residue. The column labelled ‘Q< 0.9” lists the number of (and percentage) of residues with an

average occupancy less than 0.9.

Mol | Chain |  Analysed <RSRZ>| #RSRZ>2 OWAB(X?) | Q<0.9
1 1 437/438 (99%) -1.50 22, 85,158,280 | 0
1 B 437 /438 (99%) -1.46 20, 89, 156,270 | 0
2 2 178,181 (98%) -1.48 17, 73,132,165 | 0
2 C 178,181 (98%) -1.49 18,76, 134,188 | 0
3 3 756783 (96%) “1.62 4, 39, 102, 257 0
3 D 756,783 (96%) -1.57 5, 41, 105, 245 0
4 4 384/409 (93%) -1.50 6, 63, 135, 222 0
4 E 384/409 (93%) -1.48 15, 64, 140, 218 | 0
5 5 196,207 (94%) “1.54 9, 62, 134, 204 0
5 F 196,207 (94%) -1.59 7, 67, 138, 180 0
6 6 161/181 (88%) -1.60 11,38, 131,255 | 0
6 G 161/181 (88%) -1.49 11, 44, 133,256 | 0
7 9 180,182 (98%) -1.59 9, 41, 105, 178 0
7 0 180,182 (98%) -1.50 9, 47, 120, 191 0
8 7 127/129 (98%) “1.61 14, 61, 121,150 | 0
8 I 127/129 (98%) -1.48 16,70, 123,150 | 0
9 W 127/131 (96%) 151 15, 84, 155,290 | 0
9 X 127/131 (96%) “1.31 10, 82, 164,294 | 0
10 A 117/119 (98%) “1.44 12,70, 190, 274 | 0
10 P 117/119 (98%) -1.38 21, 74,190,299 | 0
11 J 160/176 (90%) -1.48 17, 61,131,173 | 0
11 R 160/176 (90%) “1.54 17, 61, 125,170 | 0
12 K 95/95 (100%) 141 15, 60, 129, 170 | 0
12 S 95,/95 (100%) 157 15, 54,121,181 | 0

Continued on next page...
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Mol | Chain Analysed <RSRZ> #RSRZ>2 OWAB(A?) | Q<0.9
13 L 605/606 (99%) -1.35 | 24, 90, 181, 382 0
13 T 605/606 (99%) -1.41 23, 92, 181, 381 0
14 M 467/469 (99%) -1.34 21, 74, 142, 186 0
14 U 467/469 (99%) -1.43 23, 75, 145, 195 0
15 N 427/427 (100%) -1.45 23, 68, 122, 203 0
15 \Y 427/427 (100%) -1.44 21, 61, 128, 211 0
16 H 353/365 (96%) -1.43 17, 76, 138, 220 0
16 Q 353/365 (96%) -1.44 21, 76, 144, 222 0
All | Al | 9540/9796 (97%) -1.48 4, 68, 145, 382 0

The worst 5 of 6 RSRZ outliers are listed below:

Mol | Chain | Res | Type | RSRZ
13 T 435 | PRO 4.0
3 D 150 | GLU 3.3
6 G 70 | ALA 2.8
14 M 467 | GLY 2.6
4 E 210 | GLU 2.1

6.2 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

6.3 Carbohydrates (i)

There are no oligosaccharides in this entry.

6.4 Ligands (i)

In the following table, the Atoms column lists the number of modelled atoms in the group and the
number defined in the chemical component dictionary. The B-factors column lists the minimum,
median, 95" percentile and maximum values of B factors of atoms in the group. The column
labelled ‘Q< 0.9’ lists the number of atoms with occupancy less than 0.9.

Mol | Type | Chain | Res | Atoms | RSCC | RSR | B-factors(A?) | Q<0.9
18 | FMN B 502 | 31/31 0.99 0.05 | 176,200,223,231 0
17 | SF4 3 801 | 8/8 1.00 | 0.01 | 14,14,14,14 0

Continued on next page...
$roe
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Continued from previous page...

Mol | Type | Chain | Res | Atoms | RSCC | RSR | B-factors(A?) | Q<0.9
17 | SF4 3| 802 | 8/8 100 | 001 | 21212121 0
17 SF4 3 803 8/8 1.00 0.01 9,9,5,5 0
17 SF4 6 201 8/8 1.00 0.01 22,22,2222 0
17 SF4 9 201 8/8 1.00 0.01 8,8,8,8 0
17 SF4 9 202 8/8 1.00 0.01 10,10,10,10 0
17 SF4 B 501 8/8 1.00 0.02 46,46,46,46 0
17 SF4 D 801 8/8 1.00 0.01 8,8,8,8 0
17 SF4 D 802 8/8 1.00 0.01 7,7,7,7 0
17 SF4 D 803 8/8 1.00 0.01 27,27,27,27 0
17 SF4 G 201 8/8 1.00 0.02 32,32,32,32 0
17 SF4 O 201 8/8 1.00 0.01 8,8,8,8 0
17 SF4 O 202 8/8 1.00 0.01 16,16,16,16 0
18 | FMN 1 502 | 31/31 1.00 0.03 0,37,61,71 0
17 SF4 1 501 8/8 1.00 0.02 36,36,36,36 0
10 | FES 5 [ 201 | 4/4 1.00 | 0.01 | 37.37,37.37 0
19 FES 3 804 4/4 1.00 0.01 21,21,21,21 0
19 | FES C | 201 | 4/4 1.00 | 002 | 74,74,74.74 0
19 FES D 804 4/4 1.00 0.01 20,20,20,20 0

The following is a graphical depiction of the model fit to experimental electron density of all
instances of the Ligand of Interest. In addition, ligands with molecular weight > 250 and outliers
as shown on the geometry validation Tables will also be included. Each fit is shown from different
orientation to approximate a three-dimensional view.
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4HEA

Electron density around FMN B 502:

2mF,-DF. (at 0.7 rmsd) in gray
mF,-DF. (at 3 rmsd) in purple (negative)
and green (positive)

Electron density around FMN 1 502:

2mF,-DF. (at 0.7 rmsd) in gray
mF,-DF, (at 3 rmsd) in purple (negative)
and green (positive)
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6.5 Other polymers (i)

There are no such residues in this entry.
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