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-Family of ubiquitous transporters, importers + exporters: [ 71 659
(Transporter DataBase) Ren et al (2007) NAR
- Modular Structure : 4 core domains ( + 1 substrate binding protein for importers).
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Structure of the homo-dimer of 2 NBDs : the
transient ‘sandwich’ dimer

lipoproteins
' Smith (2002) Mol Cell
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2006: 3-D structure of a bacterial ABC MDR transp.
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3 sub-domains :

- NBD

- TMD (6 TMH / monomer)

- 1ICD1 (TMH 2 and 3) interacts in cis but
ICD2 (TMH 4 and 95) interacts in trans :

domain swapping of ICD2

Dawson & Locher (2006) Nature




Ward et al (2007) PNAS

Open apo Closed apo Closed ATP-bound




Aller et al. (2009) Science

Open apo EcMsbA

NEWS AND VIEWS At 2005 NATURE BIOTECNOLOCY ... ““Thus, the structure may represent a
crystallization artifact or a nonfunctional
conformation that has only very transient
existence”.

Structure of a multidrug transporter

Michael M Gottesman, Suresh V Ambudkar & Di Xia




* Purification in a single step

(Ct-polyhistidine-tagged) ; ——
~2-3 mg of BmrA/Liter

Orelle et al. (2003) JBC

_ _ ATP
* I[nside-out membrane vesicles:

BmrA ~ 50% of mb proteins

~
[$)]

Normalized fluorescence (%)

Time (sec.)

Steinfels et al. (2002) BBA




Behavior of BmrA in membrane or in detergent :

2 different conformations ?
Membrane DDM purified
A _A

Time Time

C 5 15°30°5 15’ 30’

The Vi-inhibited BmrA is much less
sensitive to limited digestion by trypsin
than BmrA in the resting state.

==> BmrA switches between two very
different conformations in mb or in
detergent




Rigid body motion ?




* Different types of hydrogen in proteins
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H: Do not exchange

: Too fast to be monitored

: Best candidates for deuterium exchange;
exchange rate depends on structure and accessibility




| Exchange H> o par
Dilution O - ¢ A

Labeling
H/ quench  Obain

exchange Lalelizd peptides to
Kinetics region locate

Separate
peptides

Mass
measurement of
each peptide

2- Local kinetics

Deuteration (%)

Time (sec)




TMH1
— (I D —— —
MPTKKQKSKSKLKPFFALVRRTNPSYGKLAFALALSVVTTLVSLLIPLLTKQLVDGFSHMSNLSGTIQIGLI
1 5 10 15 20 25 30 35 40 45 50 55 60 65
[

TMH2 ICD1
S D (D N

ALVFFVQAGLSAYATYALNYNGQKITISGLRELLWKKLIKLPVSYFDTNASGETVSRVTNDTMVVKELITT
75 80 85 90 95 100 105 110 115 120 125 130 135 140
et

TMH3 TMH4 ICD2
o

HISGFITGIISVIGSLTILFIMNWKLTLLYLVVVPLAALILVPIGRKMFSISRETQDETARFTGLLNQIL
145 150 155 160 165 170 175 180 185 19 195 200 205 210
— ----Illllllll------lll::::!llll
TMH5
e

PEIRLVKASNAEDVEYGRGKMGISSLFKLGVREAKVQSLVGPLISLVLMAALVAVIGYGGMQVSSGELTA
215 220 225 230 235 240 245 250 255 260 265 270 275 280
S———

TMD : poorly

TMH6 defined,

GALVAFILYLFQIIMPMGQITTFFTQLQKSIGATERMIEILAEEEEDTVIGKQIENAHLPIQLDRVSFGY
285 290 295 360 305 310 315 320 325 330 335 349 345 350

. WA

KPDQLILKEVSAVIEAGKVTAIVGPSGGGKTTLFKLLERFYSPTAGTIRLGDEPVDTYSLESWREHIGYYV
355 360 365 370 375 380 385 390 395 460 405 410 415 420

ABC
(D D (D D

o
SQESPLMSGTIRENICYGLERDVTDAEIEKAAEMAYALNFIKELPNQFDTEVGERGIMLSGGQRQRIATIA
425 430 435 440 445 450 455 460 465 470 475 480 485 490

-_— NBD : well
- defined

RALLRNPSILMLDEATSSLDSQSEKSVQQALEVLMEGRTTIVIAHRLSTVVDADQLLFVEKGEITGRGTH
495 560 565 510 515 520 525 530 535 540 545 550 555 560

Total : 78%
HELMASHGLYRDFAEQQLKMNADLENKAGVDKLAAALEHHHHHH .
565 570 575 580 585 590 595 600 6

04

using pepsin

470 of 604 ~ 78%
H 300 of 604 ~ 56%
Total: 480 of 604 ~ 79%
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372-383 |
Walker A | Protection by ATP




ABC signature peptide

479-492

ABC motif Protection by ATP




Walker B motif

——Open

—#— Closed

501-509 :
Protection by ATP




Peptide from ICD1 (cis with its own NBD)

——Open

—=— Closed

,-’-/.




Peptide from ICD2 (trans with the other NBD)




2nd Peptide from ICD2 (trans with the other NBD)




>ICD

»NBD

Highly exchangeable, especially for ICDs Poorly exchangeable
Different from 3D structure OK with 3D structure

Greater flexibility of ICDs
- Reorientation of the NBDs and/or unfolding




» Similar behavior of BmrA in membrane and purified in DDM

* BmrA switches between two conformations :
* Resting state : open conformation (high H/D exchange)
« ATP-bound state : closed conformation (low H/D exchange)

* In the resting state, the ICDs and in particular ICD2, are
highly flexible

==> |CDs disengaged from the NBD

==> different orientation and/or unfolding of the NBD

==> # 3D structure of EcMsbA (rigid body motion)

==> Can this flexibility help to recognize many substrates ?

Mehmood et al (2012) PNAS




Multiple
drugs

Heterodimer with
asymmetric NBDs
(MRP, CFTR,
TAP1/TAP2...)

BmrC/BmrD model based on the TM
heterodimer (Seeger’'s group)




Multidrug ABC transporters need to...

..even in the resting state
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