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E. coli multidrug transporter MdfA (PDB ID: 4ZOW)
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1. UCSF Ch|mera€E@J = Model Panel — O ot

2. [IFile]>IFetchby IDITPDB |® e actrate oy | 2
£#RL. DIST1GUAT [heBEk e
(RaplA&Raf-1MRasFEE R A R
4>®*§é1$*%5ﬁ) %*EEE Lz clipping...
—CrFetChJ close

3. R#IZIDIZT5P21 ) (RasEE{A ———
0)1L1$1:%Jﬁ) %*E‘EE L/—C deactivate
rFEtChJ grnup,".ungrnup

4. TFavorites]->IModel Panel ] —
%F}ﬁ%\ 1GUA&5P21§E*R Ramachandran plot... j
L/s rmatChJs rOKJ . f« favorices 1 al
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5. ISelect]=>IChain]=>TAI>T1GUAIT1GUADA

B (

6. ISe

e’ N

7. Stic

Rap1A) Z:#ERL . lActions >

'Atoms/Bonds |—=>[ delete | THI KR

ect ][> Residue | >THOH | T/K O FZ1EIR
al#k [ ZHI R
(RRIZT S

8. [Tools]->[Structure Analysis]-=>[Find
Clashes/Contacts |Z1E R

9. lSelect]->IChain]>TA1TA%H (Ras) T EERL .
Find Clashes/Contacts™) 4 > k") D[ Designate ]
A Z D)9
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10. Check designated atoms

11.

againstT. I'second

set

of designhated atoms 1%

ZEIRT B

[Select ]=>T Chain]=>1B]

TB$H (Raf) Z3EIRL .

[ Designate selectio

N as

second set |[TR3A> %4
sy . ToKI>EZEL

TWARFRIHAE

=10

R CRSD
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SR ED
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Fr—nE=#E LR ILF— (DG, 4)
AG;ind =G, (Groeceptor + Gligand)

K, = exp(AG;,, /RT)

o LigandZx A /\VERME Fd)ﬁﬂf&iﬁl“ﬁks Pk
RIZAEBETHESE. BE L)L
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BIOINGE R INDBRYXS

e Receptor. Iigandt:bl fAlREAZL . R
R KDL FBEREIFBELAEL

. Receptorliﬁ,\ ZEEL. Ilgandd)\IﬁS '
E.[BE3EHED ;
FST6EHEDHEBE

o] &5 [XEuler angle TER i
. ﬁ/0)7fﬁ*ﬁ EAFICEE

—

y o

http://en.wikipedia.org/wiki/EuIer_an{:ﬁes


http://upload.wikimedia.org/wikipedia/commons/8/82/Euler.png

DM EETRE (1)

Receptor Ligand

. = 1 (solvent accessible surface layer)

= 9i (solvent excluding surface layer)
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S(a,b,c)= Zf X,Y,z)g(x+a,y+b,z+c)

Z:TS’EE—j(( 9 Bligand D il E L E
(a, b, c)ZKDH B

(LS ET—") T L (fast Fourier transform:

FFT) %,

IWTCTERIZETETES

S(h,k,1)= f(h,k,1)g(h k1)
NZligandDWNAWNALERIEFIZDVNTEITET S

S ASS

R EIER

RELET 5

76E | DB RBRICEE
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DOT

http://www.sdsc.edu/CCMS/DOT/

FTDock

http://www.sbg.bio.ic.ac.uk/docking/ftdock.html
GRAMM-X
http://vakser.bioinformatics.ku.edu/resources/gramm/grammx
HEX

http://hex.loria.fr/
/DOCK

http://zlab.umassmed.edu/zdock/index.shtml
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ZDOCKZ RN =Et&EHI (1)

. http://zdock.umassmed.edu/IZ7 Ot X

2. Input Protein 10)PDB IDIZ1ZG4

(B-lactamase) & A /7

. Input Protein 2@ PDB IDIZ3GMU
(B-lactamase inhibitory protein) & A 71

. A= LT RLRZEAALISUbmit |
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ZDOCKZ AL -5t & 51 (2)

HWEIZIHLE T, "f‘ l BEE5LGWVERECEES
9 4 §§ ’E?EEL’C Submit |
(ERIZILsubmitL7zLN2 &)

ZDOCK SERVER

ZDOCK M-ZDOCK Help Links  References

Sy

Step 2: Pick Contact and Blocking Residues

Select Residues to Block from the Binding Site:

17G4 3GMU
17G4 26 Chain AHIS  » 1Chain BALA  » 3GMU
27 Chain APRQ (£ 2 Chain B GLY (&
28 Chain A GLU 3 Chain B VAL
29 Chain A THR 4 Chain B MET
30 Chain A LEU 5 Chain B THR
31 Chain A VAL 6 Chain B GLY
32 Chain ALYS 7 Chain B ALA
33 Chain A VAL 8 Chain B LYS
34 Chain ALYS 9 Chain B PHE
35 Chain AASP  ~ 10ChainBTHR ~
7 Spin Select Binding Site Residues for Filtering Output: 9 Spin
17G4 3GMU
26 Chain AHIS  « 1ChainBALA &
27 Chain APRQ (& 2Chain B GLY (&
28 Chain A GLU 3 Chain B VAL
29 Chain A THR 4 Chain B MET
30 Chain A LEU 5 Chain B THR
31 Chain A VAL 6 Chain B GLY
32 Chain ALYS 7 Chain B ALA
33 Chain A VAL & Chain B LYS
34 Chain ALYS 9 Chain B PHE
35 Chain AASP  ~ 10ChainBTHR ~

24
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ZDOCKZ FAULN =5t & 51 (3)

0%

N 0=0) v )L THRERER T
. EBEOR—UDG, [Top 10 Predictions J &4 &H 7=
top_preds.zipZ@F > A—KL., TRIMY TR E

Y m

H RS T=top predsZ#ILFIZIE. RAA7HELE

DM S)EIZcomplex.1.pdb~complex.10.pdbMNE FE

NTWNBED, COFFETIERRTELU=0. BR
DR—IUMbconv.plzFHoA—kL, ZDTAILAE

l

RE.ATILD)YOLTELT

->complex.1.conv.pdb~complex.10.conv.pdbh &
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ZDOCKZFAULN-5t & 5 (4)

9. ChimeraZi2&jL . complex.1.cov.pdb~
complex.10.conv.pdbZ < )
10. EDEESAHREEVUTCERS [ o | =
11. [Favorites | ->TModel Panel 1% | =
BHE . complex.1.conv.pdbé&

aaaaaaaaaaaaaaaaaa

1TGZEIRL Tlmatch]. TOK] —

12. UTGDCH. DIHZHIBR el

complex.1.cov.pdb~complex.10.conv.pdb® 25
EDEEMNIERRITELM?
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o YAIKIZE.

0)——1—'-1

(c

- 1E A7) e/

D) ERR

e ReceptorDEFITBEEMNST . BlfAEL THK
ITEMSZLY

o) & - il #E (2N A T . BlER AT REZE4S
9 R ChESETEHIR/ILE—
INETEAFEE (pose &R E XN
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SZ . Fyx2T90x T

AutoDock Vina

— http://vina.scripps.edu/

DOCK

— http://dock.compbio.ucsf.edu/
Glide

— http://www.schrodinger.com/Glide
GOLD

— http://www.ccdc.cam.ac.uk/solutions/csd-
discovery/components/gold/

AutoDock Vina&DOCKIZ ZEEH . Glide&GOLDIZHE ¥

WIhLiEEYOUE- Rzt _HADBHEDHZEE
L. Qzl\bﬁliﬁ_ﬁ]lﬁﬂitb'@&’)
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AutoDock VinaZz ALY TN1 neuraminidaselZ

A e

BHERZEFYFTTH

N1 neuraminidase D #E mEiE1E D EF
fHEFIFEEDIERK

Cavityfx
fydooi2aL—iay

a2k DR
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1. famBEDES

ChimeraZ#C &f S L

| _ [
[File]1->TFetch by ID | TPDB IDIZ ©F KK
[2HTY |Z$6E L Fetch]] ( /k‘/}%%
[Select]>TChain]>TA] TATHZER \:L?;J:f)
[File]>ISave PDB] Tl Save selected U7 oHTY AR
atoms only 1ZF Ty L. File namelZ
[2HTY_A.pdblE3EELTRIMY T . oseltamivi
RTE / %C/// 3,/ carboxylate
[File] > Close Session | D% . E#&IZ gkgéﬁ/\{frﬁ
PDB IDI=M2HU4 I ZHEEL TlFetchIL 3 77!
AfHZT2HU4 ApdblELTTRIMY \A?;Qﬂ i
JI=tR A7 T 2HU4 A
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2. BRERIEED/ER(T)

7~5F7_U2-E:PUbChem 1.2 3D Conformer
(https://pubchem.ncbi.
nim.nih.gov/) & <

[“oseltamivir carboxylate”] o
EANLERR Eh—
Compound Best Match® o
CID/HM449381 THAH &%

HEZEL. CNnzEo)vy

3D Conformer&SDFfgstc 27 V&l
TARAINTIZRTE
UCSF Chimera THA<

Conformer3D_CID_449381.sdf
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10.

11.

2. BERIBEDE/M(2)
[Ctr | F—Z R LENLHILRED L Y ?‘)\W
EIIDVWTWOKRRFEED )V \(\

L. ZDOREFHEIR HIBg |

I

['Actions|>T Atoms/Bonds ] >[ delete ] @U/\A | W
THIR ’
,\(J‘g\ |

[Tools|>[ Structure Editing]>TAddH |
TT7/EITKRIREFZHN

[Tools] >[Structure Editing] >TAdd 70 QT/ i\
Charge | CEMZ T & (2 EfIE+0)

[Tools ] >[Structure Editing] - H 5/\
['Minimize Structure | CHEERE 1L . |
[File ]>TSave Mol2 | TT RI YT IZ (\'ﬁr‘\

[ose.mol2 |ELTRTF
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SZ e84 77)

Available Chemicals Directory (ACD)
- BRLEYMT—I~—X

— http://accelrys.com/products/collaborative-science/databases/sourcing-databases/biovia-
available-chemicals-directory.html

DrugBank

- BEERETDI—TINDT—EIR—R
— http://www.drugbank.ca/

PubChem

— NCBINEETHILEMT —ER—X
— https://pubchem.ncbi.nlm.nih.gov/
ZINC

- USCFWNEETHILEYMT —HN—X
— http://zinc.docking.org/
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3. Cavityf& H

o ERIMNKEET HFA/N
DERADEHZTIRHT
95
— CC_TIl&. GHECOMY—

AT AV
(http://strcomp.protein.
osaka-u.ac.jp/ghecom/)

— Input PDBIDIZI 2hty ]

- RO REWEHADFIL:
(~0.260, 78.567, 112.835)

KOLRKESWVEH
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% Cavitylm Vb7

e SURFNET
— http://www.ebi.ac.uk/thornton-srv/software/SURFNET/
— R INDEHFRE D gap region” ZFR H

e PASS

— http://www.ccl.net/cca/software/UNIX/pass/
overview.shtml

— R NDESFREA DcavityziBH LS 411+
e Q-SiteFinder
— CH,7B—J DIRIILEF—BEIZEDWNTSUVfTIT
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4. ByxX2 922 Lb—a>(1)

T AUy Tl docking 1 74 ILF ZERLL . 2HTY_A.pdb.
2HU4 A.pdb. ose.mol2Zx T &j

ABEDN—UMND, vinaexex A OO—kL, TRIMY
TIZRE

Chimera Tl File]=>[ Close Session |

[File]->TOpen]TC. dockingZ# LA IZFELT-.

2HTY A.pdbZ <

[Select |>TResidues | >INDG | THEZEIRL . [ Actions]]
>[I Atoms/Bonds |=>[ delete | THIIfF

BIFRIZIK 2 F (3R E 4 : HOH) ZEIIBR
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4. ByxX2 922 L—o 32 (2)

10.
11.

12.

[FileJ]>TOpen]T. ose.mol2%& <
[Tools]->TSurface/Binding Analysis 1= Dock Prep 1 & <

Molecules to prepT. [2HTY _A1&M449381 |AVERINTINAC
EXHEZEL . [Write Mol2 fileJOF v o %9 LTIOK]

Add Hydrogens for Dock Prep A VRO MNIENSHD T, TOK]

Assign Charges for Dock Prep™) /> Tl&. Standard residues|Z
[ Amber ff14SB & Other residues|Z[AM1-BCC 1&g E LI OK]

. — w. Specify Net Charges - O X
Specify Net Charges TIEXCAIZI+2].
UNK (oseltamivir carboxylate Z &) =
— B == lttt rfvth prth 1; the abov pdtu

‘“ r+OJ %*E E L/ rOKJ c: gh ethod: All\ﬂlhBCC c bGasteiger "

(Warning( i SHRAL TR _omiissin
Automatic atom type andb d type pa’cep on in mol 1 cular mechanical calculations lrxh-
Journal of Molecular Graphics and Modelling, 25, 247-260. N

OK| Cancel| Help|
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4. Ryx>2 G522 L—o32(3)

13.
14.

15.
16.

17.

18.

[Tools|->[Surface/Binding Analysis ]> I AutoDock Vina ] &<
Output FileTI&. IBrowse I7R 2 Z L . dockingZ 4 /LA T,
[ose.pdbqt | Z 15 7E

Receptor|ZI2HTY_A.pdb . Ligand(Z449381 %57

Receptor search volume optionsZ B EAL . CenterlZ, [-0.260
78.567 112.853 1% . SizelZ[2020 201 %18 %E

Executable locationZ BRI L. [Local 1Z:EIRL . Path Tl Browse |
RAVERL, TROMTIZEFE L= vina.exe 176 E

[OKIZ D) Y755t ENBFEL R IEELMND)
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72 A7 B
o LUTDNHNIKGEAIIIZEEHFIEE

d.

C= ZW Zh( U) < “ >

i<j

O

a1t

— XI&. gaussl. gauss2. repulsion, hydrophobic.
hydrogen bondmgd)SE"‘E

e UTDOHKIZKY. FEE LA ILEF—ZF 8
C.
S = © = Cintrar Cipar : COSR/NERBZETILD D FRAEEERADIE
1+WI’OtNI‘O'[

o sEAG,, PDRERENFERE T SLIIZw, ZrmiE L

Trott & Olson J. Comput. Chem. 31, 455 (2010). 4



5. ¥ 5 R DEEFT (1)

e STEMNRT I LHLGR
NEFRIZRKR TSN
e ViewDock™ A R™IC

AOA7DEWEIZET
JLHNIE A TLNS

—® S— < ViewDock - C:#Users¥tterada¥Desktop¥170625¥ose pdbat - o x
o % I 1N ) File Compounds Column Selection Chimera HBonds Movie
J / I J 5 | score| RMSD Lb. | RMSD u.b. =
— —® 62 2384 5788
62 237 4171
. 71~ )L

6.2 2.773 4.81
6.1 2.057 4.404
-5.8 1.85 2.642
-5.8 2.339 6.32
-5.7 3.543 6.613
-5.7 2.175 4.829

e <<

b |

Chimera Model #3.1
REMARK VINA RESULT: -6.7 0.000 0.000
REMARK 7 active torsions:

|»

REMARK status: ('A' for Active; 'I' for Inactive)

REMARK 1 2 between atoms: 01_1 and C3_9

REMARK 2 R between atoms: Ol 1 and C7_13

REMARK 3R between atoms: N1 5 and Cl1_7

REMARK I between atoms: N1_5 and Cl1_17

REMARK 4 B between atoms: N2 6 and C2_8 j
Change Compound State

* Viable " Deleted " Purged

Hide | Qu'rt‘ Help |




5. ¥E R DEEHT (2)

o fEmIBELLLERT D
1. 2HU4 A.pdbZR<

2. [Favorites]=>[Model
Panel | G449381% JER
RIZT B

3. Model Panel T
2HTY A.pdbé&
2HU4 A.pdbZiEIRL .
[match]. TOKJ

o FDETILMNIEREIZIA * *
L\;f)\ 7 ﬁ‘F = 5‘LLO):ET)lxk"f‘nE|E|*§J_0)J:|3$x
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x> T DRIZEADI

BElED A TEEFEFHIEESWDIERIZ. EEY
DIATZ) i, BNV EIZEGER T 51t
E¥E . KIREMNDONREMIZIELHE T high-
throughput screening (HTS) M &AL b5
ILEEMDTZATI)DBE FEEDTYEEARDHE
FIZIEBERGEaARNDD DS
IEEMDBHIZIVINIBEADEEZAVEL—E2D
P THRETLH(=FyF T2 —23))ET,
R A0 T4 D 514 HY Bl §E>virtual screening
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Virtual screening

%
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AaA7DERWEDZE—K
itEmELTER

)—~EEY
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RSB BT

o ZHIBEH IS RR—AMIFAD ILIAKEEZL 1L
DAN=X LD EEHT

— Nagarathinam et al. Nat. Commun. 9, 4005 (2018).
— AN

ARTICLE

Outward open conformation of a Major Facilitator
Superfamily multidrug/H™ antiporter provides
insights into switching mechanism

Kumar Nagarathinam1'2'9, Yoshiko Nakada-Nakura® 3, Christoph Parthier?, Tohru Terada® #, Narinobu Juge5,
Frank Jaenecke!, Kehong Liu3, Yunhon Hotta3, Takaaki Miyaji 5 Hiroshi Omote®, So lwata3’, 45
Norimichi Nomura 3, Milton T. Stubbs'? & Mikio Tanabe'8
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MAfAD ILIAFEE (1)

+ < NS
1. ChimeraZ#z &L . \«34\?) \_%Ztry,
[File]->TFetch by ID ] fagggvég o
T.PDBIDIZI6GV1IZE %Aﬁ)«;ﬁ;
8L TlFetch] & %&&
— Outward openfg 57 & I~ =
EiEL. fHRiELv3< IS
9 H1=HIZ. HRERE
IZHANEEL TS
— R




MAfAD IL{KRFEE (2)

2. [Favorites|>
[ Command Line | T3

2N Al >
IURANDTa—ILE
%%T N ;;‘ﬁ Command: |splif
Aackvemodels: PO T 1 T 2T 2T 40rC sl el 700809

r S pI ItJ t A jj l./ E nte r Control "missing segments” pseudobonds with Pseudobond Panel (in Tools...Gene
3. [Favorites]—>IModel —

activate all

Panel ] CTModel Panel GO —

Zhi=. [6gvl.pdb H] ot
> Ctrl¥— EhVin

&l6gvl.pdb LIZEIR [Euiteetn

Ll close] EIRTED

x
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MAfAD L A& 1E (3)

4. [Actions]->IFocus]T
IR

- fARESMAIDEUL-1EE
ZEOTWNBDILETTERR
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AN

o HRAABIAEL Y zinward opentEiE &

EED B (1

DT IL—TIZKYRFESNTLVS
1. PDBIDIZI4zOW 1Z$85E LI Fetch ]

Structure Summary 3D View Annotations Sequence Sequence Similarity Structure Similarity Experiment

Transmembrane View

transmembrane regions ¢

| PEETRE R @ Download Files ~

Crystal structure of E. coli multidrug transporter MdfA in complex with
chloramphenicol

DOI: 10.2210/pdb4Z0OW/pdb

Classification: TRANSPORT PROTEIN

Organism(s): Escherichia coli (strain K12)

Expression System: Escherichia coli 'BL21-Gold(DE3)pLysS AG'
Mutation(s): 1

Deposited: 2015-05-07 Released: 2015-08-19
Deposition Author(s): Zhang, X.C.. Heng, J., Zhao, Y., Wang, X.
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MR EE

[ Favorites |>1 Model
Panel] CTModel Panel
Zhi=. I6gvl.pdb Al
Elazow 1z & RLT
match |
MatchMaker®D 4>
2 HEA<KD T, TOK]
[File]>TOpeniMin7
AL MdfA_MDIZd
Al color.com | Z K

LEER

= Model Panel - m} X

attributes...

biological unit
clipping...
close
color by S5...
compute 55

copy/combine...

group/ungroup

&+ favortes " all

Configure... | Close | Help |

add/edm. note... j

deactivate —

©. MatchMaker - O x
Reference structure: Structure(s) to match:
6gvl.pdb A (#0.1) 6gvl.pdb A (#0.1)
4zow (#1)
r Further restrict matching r Further restrict matching
to current selection to current selection

Chain pairing

& Best-aligning pair of chains
between reference and match structure

~ Specific chain in reference structure
with best-aligning chain in match structure

~ Specific chain(s) in reference structure
with specific chain(s) in match structure

Alignment algorithm:  Needleman-Wunsch 4| Matrie:  BLOSUM-62 4|

Gap opening penah-,-m Gap extension penartvﬁ
Iw Include secondary structure score (30%) Show parameters
v Compute secondary structure assignments
[ Show pairwise alignment(s)
Matching
[v Tterate by pruning long atom pairs unti no pair exceeds:
m angstroms

[ After superposition, compute structure-based multiple sequence alignment

Save settings Reset to defaults

OK| Apphr| Cancel| Help|

YLRHYO—)L
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IAEEDEEER(3)

e MAfAMD2DMDKRALY
(N-lobe. C-lobe) D55
C-lobezxzERENHH

e Model PaneldSDHS
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