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Supporting Figure S1. Video of human P-glycoprotein dynamics. The 26 nonredundant
structures identified from the "wide opened to the cytoplasm" to the "wide opened to the
extracellular space" targeted molecular dynamics simulations were used to make a video of the
dynamics of Pgp. The protein backbone is shown in ribbon representation. Helices 4/10 and 5/11
(blue) show the largest relative movements, while helices 1/3 and 7/9 that make up the putative
ligand exit gate are shown in yellow. The top left figure shows a side view of the protein that
emphasizes the closing of the nucleotide binding domains. The top right figure shows a side view
emphasizing the opening of the drug binding sites (about a 90° rotation relative to the top left
image. The bottom left image views Pgp from the cytoplasmic space above the nucleotide
binding domains and emphasizes the twisting of the NBDs as closure is achieved. The bottom
right figure shows Pgp from the extracellular space looking into the drug binding sites. In this
image one can observe the dramatic opening of the drug binding sites to the extracellular space

as the ADP-Vi transition state is achieved.



[Hyperlink to video — SupportingVideo2.mpg]

Supporting Figure S2. Video of human P-glycoprotein dynamics including color-coded
transmembrane helices. Same as Supporting Video S1 except that transmembrane helices have
been color coded as follows. Helices 1/7 red, 2/8 orange, 3/9 yellow, 4/10 green, 5/11 cyan and
6/12 are blue. For reference note that Helix 1 is to the left in the upper left frame, in the
foreground in the upper right frame, to the left in the lower left frame and to the left in the lower
right-hand frame. Catalytic glutamyl residue Ca atoms in the NBDs are represented with red van

der Waals spheres.
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Molecular Dynamic Trajectory

Supporting Figure S3. TM1 and TM11 Relative Helical Movements During Simulated
Catalysis. The figure shows the Ca to Ca distances calculated for each of the 26 nonredundant
structures as Pgp moved from a “wide open to the inside” to a “wide open to the outside”
conformation. The residues analyzed, 68 and 69 of TM 1 and residues 950, 953, 954 and 957 of
TM 11, were identified in (/) as the only 5 pairs of residues (all on TM1) that were able to be
cross-linked to TM 11 out of 350 possible pairs at the external ends of TMs 1, 3, 4, 5 and 6. The

cross-links observed in (1) only occurred if ATP was hydrolyzed by the transporter.



—m— 332-975
30 - —e— 343-986
—A— 346-989
—wv— 350-993
.\l
25 S -
/XX/X*:\A\ R
/v/ \v/
05:\ A Vv\ [ ]
Py Vv, A
o 20+ A\AL AA -A
& A / oo \
7 g _0-@® -9
5 1 A—‘/ ./ /I\.\./l\.,.:.ﬁ\ ./
{’[././ | | -
15 ‘Sﬁ‘/l/.\r'/ .\./l—l—l—l
./ ®ee. e
°
10 T T T T T T T T T T T '
0 5 10 15 20 25

Molecular Dynamic Trajectory

Supporting Figure S4. Residues of TM6 and TM12 that Form Disulfide Bonds during ATP
Hydrolysis. Figure S4 shows the Ca to Ca distances calculated for each of the 26 nonredundant
structures as Pgp moved from a “wide open to the inside” to a “wide open to the outside”
conformation. The residues analyzed were located on TMs 6 and 12 and are indicated in the

Figure. These residues formed disulfide bonds only during ATP hydrolysis (2).
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Supporting Figure S5. Residues of TM6 and TM12 that From Crosslinks with a Tris-
Maleimide. Figure S5 shows the Ca to Ca distances calculated for each of the 26 nonredundant
structures as Pgp moved from a “wide open to the inside” to a “wide open to the outside”
conformation. The residues from TMs 6 and 12 are indicated in the Figure. Crosslinking of
residues 339-982 with Tris-(2-maleimidoethyl)amine inhibited Pgp ATP hydrolysis while

crosslinking of 343-982 was enhanced by ATP hydrolysis (3).



P-loop 4/10 5/11

[Hyperlink to video — SupportingVideo3.mpg]

Supporting Figure S6. Helical movements in Pgp as the transition state structure is
approached. The video begins with depictions of the P-loop and adjacent structures of the two
nucleotide binding domains shown in gray ribbons with the Ca atoms of the two catalytic

glutamyl residues shown as van der Waal's spheres. The rest of the nucleotide binding domain



structures were left out of the video so that the drug binding domain conformational changes
could be more easily observed. The view of the transporter is from above the nucleotide binding
domains looking toward the cytoplasmic face of the membrane. Three frames from the
nonredundant Pgp structures corresponding to frames 23-25 (approach to the transition state —
see text) are shown repeated 3 times throughout the entire video. In the subsequent video
segment, helices 4/10 (green) and 5/11 (cyan) with coupling helices 2 and 4 (short green helices)
are added and the sequence is repeated again 3 times. In the third sequence, helices 6 /12 (blue)
are added. Subsequent video sequences add helices 3/9 (yellow), 2/8 (orange) and 1/7 (red) to the
composite protein structure. The coordinated movements of nucleotide binding domains,
coupling helices and drug binding domain helices 4/5, 10/11, as well as the connected
movements of helices 3/9 and 6/12 to open the external face of the drug binding domain to the
extracellular space are discussed in the text. The structures shown in each video segment are
listed at the top of the video. Helices are colored in order of the visual spectrum with helices 1/7

in red and helices 6/12 in dark blue.

The video shows the slight twist of coupling helix 2 (left side of Figure S2) relative to coupling
helix 4 (right side of the video) which is presumably driven by nucleotide binding domain
conformational changes as bound ATP approaches its hydrolytic transition state. The associated
straightening of helices 4/5 and 10/11 and the consequent coupled movement of helices 3/9
(connected via very short externally located loops with 4/10) and helices 6/12 (which are
connected to the 5/11 helices by short externally located loops) moves the external face of the
drug binding domain in a coordinated manner to its fully opened to the outside transition state

conformation. Less movement of helices 1/7 and 2/8 during this transition is apparent, consistent



with the more quantitative data of Figure 3 which shows most of the dramatic opening of the

drug binding domain to the outside occurring with helices 4/10, 5/11, 3/9 and 6/12.






Supporting Figure S7. Docking interactions of daunorubicin with the drug binding domain of Pgp with color-coded DBD helices.
The protein backbone is shown in cartoon representation with the transmembrane helices shown with the following color code: Helices 1/7
red, 2/8 orange, 3/9 yellow, 4/10 green, 5/11 cyan and 6/12 are blue. For reference note that Helix 1 (red) is to the left in all frames and
helices 4 and 5 (green and cyan) are positioned in the foreground of all upper frames and oriented to the top of all lower frames.
Daunorubicin is shown in space-filling representations in black. Pgp and daunorubicin are shown in the fully open inward, partially opened
inward, partially opened outward and fully opened outward conformations (left to right, respectively) in side views (top row) and in a view

from the extracellular space (bottom row).



Supporting Figure S8. TM1 and TM11 Cross-linked Residue Orientations During Simulated Catalysis. The Figure shows the relative

orientation of transmembrane helices 1 (light blue) and 11 (red) in the extracellular leaflet of the membrane. Residues 68 and 69 of TM 1
and residues 950, 953, 954 and 957 of TM 11, that were identified by Loo and Clarke and coworkers (7)in ATP hydrolysis dependent
crosslinks are connected by white dashed lines. The lines from top to bottom in the figures connect Co. atoms of residues 68-950, 68-953,

68-954, 69-954 and 69-957, respectively. The four frames (left-to-right) correspond to “fully open inward”, partially opened-inward”,



“partially opened outward” and “fully opened outward” conformations. Calculated Ca. to Ca. distances in A (same order as the connecting
white lines) are given to the right of each frame. Images on the bottom of each panel show the same frame viewed from the extracellular

space.






Supporting Figure S9. Views of the drug binding surfaces of Pgp during catalytic transitions. Images of the “fully opened inward”,
“partially opened inward”, “partially opened outward” and “fully opened outward” are presented from the targeted MD docking trajectory
from left to right. Amino acid residues observed to approach Pgp within 3.5A are shown with van der Waal’s surfaces in black. The protein
backbone is shown in cartoon representation with the transmembrane helices shown with the following color code: Helices 1/7 red, 2/8
orange, 3/9 yellow, 4/10 green, 5/11 cyan and 6/12 are blue. Panel A: The top row of figures shows an extracellular view of Pgp with a
viewpoint given by the tip of the arrow in the top-left image. Helix 1 (red) is to the left and helices 4 and 5 (green and cyan) are positioned at
the top of all four frames of Panel A. Panel B: The bottom row of images views the drug binding domains from inside of the cytosolic
portion of Pgp with a viewpoint given by the tip of the arrow in the bottom-left image (nucleotide binding domains have been removed for

clarity). Helix 1 (red) is to the right and helices 4 and 5 (green and cyan) are positioned at the bottom of the four frames of Panel B.



Supporting Figure S10. Possible exit gate in the drug binding domain of Pgp shown with color coded helices. The transmembrane

helices of the drug binding domain of Pgp are shown in color coded cartoon representations. Helices 1/7 red, 2/8 orange, 3/9 yellow, 4/10
green, 5/11 cyan and 6/12 are blue. Alanine 841 is shown in the foreground on TM9 (yellow helix with gray space-filling representation),
and V715 and G722 (both on the red TM7 helix shown in red and black space-filling representations, respectively). From left to right are

shown the “fully opened inward”, “partially opened inward”, “partially opened outward” and “fully opened outward” conformations.



Table S1. List of P-glycoprotein Ligands Analyzed in this Work

Common name Chemical name Comments Reference
Biricodar 1,7-dipyridin-3-ylheptan-4-yl (2S)-1-[2-0x0-2-(3,4,5- Possible inhibitor of Pgp 4)
trimethoxyphenyl)acetyl|piperidine-2-carboxylate
CisZ-flupentixol 2-[4-[(3Z)-3-[2-(trifluoromethyl)thioxanthen-9-ylidene]propyl|piperazin- Dopamine antagonist; (5)
1-yl]ethanol modulates Pgp activities
Cyclosporin A (E)-14,17,26,32-tetrabutyl-5-ethyl-8-(1-hydroxy-2-methylhex-4-enyl) - Immune suppressant. (6)
1,3,9,12,15,18,20,23,27-nonamethyl-11,29-dipropyl-1,3,6,9,12,15,18,21,24,27,30- | Modulator of Pgp
undecaazacyclodotriacontan-2,4,7,10,13,16,19,22,25,28,31-undecaone
Daunorubicin (7S,95)-9-acetyl-7-[(2R,4S,5S, An anthracine (7)
6S)-4-amino-5-hydroxy-6-methyloxan-2-ylJoxy-6,9, aminoglycoside from
11-trihydroxy-4-methoxy-8,10-dihydro-7H-tetracene-5,12-dione Streptomyces sp.;
antineoplastic agent
Doxorubicin / (7S,95)-7-[(2R,48,58S,6S)-4-amino-5-hydroxy-6-methyloxan- An anthracine (8)
Adriamycin 2-ylJoxy-6,9,11-trihydroxy-9-(2-hydroxyacetyl)-4-methoxy- aminoglycoside from
8,10-dihydro-7H-tetracene-5,12-dione Streptomyces sp.,
antineoplastic agent
Elacridar N-[4-[2-(6,7-dimethoxy-3,4-dihydro-1H-isoquinolin-2- Pgp modulator 9)
yl)ethyl]phenyl]-5-methoxy-9-oxo0-10H-acridine-4-carboxamide
Hoechst33342 2-(4-ethoxyphenyl)-6-[ 6-(4-methylpiperazin-1-yl)-1H- DNA topoisomerases (10)
benzimidazol-2-yl]-1H-benzimidazole inhibitor; Transport substrate
for Pgp
Ivermectin (2aE,4E,5'S,6S,6'R,7S,8E,11R,13R,158S,17aR,20R,20aR,20bS)-20,20b- Broad spectrum (11)

dihydroxy-5',6,8,19-tetramethyl-6'-[ (1S)-1-methylpropyl]-17-oxo-
3'4',5',6,6',10,11,14,15,17,17a,20,20a,20b-tetradecahydro-2H,7H-spiro[11,15-
methanofuro[4,3,2-pq][2,6]benzodioxacyclooctadecine-13,2'-pyran]-7-yl 2,6-
dideoxy-4-0-(2,6-dideoxy-3-O-methyl-alpha-L-arabino-hexopyranosyl)-3-O-

antiparasitic; collies with
MDR1-deletion are over-
sensitive




methyl-alpha-L-arabino-hexopyranoside

Lopinavir AB1 (2S)-N-[(2S.,4S,55)-5-[[2-(2,6-dimethylphenoxy)acetyl Jamino]- Anti-HIV protease inhibitor (12)
4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-(2-oxo- agent known to interact with
1,3-diazinan-1-yl)butanamide Pgp

Paclitaxel (20,40,5B,7P,10B,130)-4,10-bis(acetyloxy)-13-{[(2R,3S)- 3-(benzoylamino)-2- An antineoplastic agent; (13)
hydroxy-3-phenylpropanoyl]oxy}- 1,7-dihydroxy-9-ox0-5,20-epoxytax-11-en-2-yl | stabilizes microtubules; Pgp
benzoate substrate

QZ59S RRR (4R,5R,11R,12R,18R,19S5)-4,11,18-TRIS(I-METHYLETHYL)-6,13,20- RRR stereoisomer of sulfur (14)
TRISULFUR-3,10,17,22,23,24- substituted analog of
HEXAAZATETRACYCLO[17.2.1.1~5,8~.1~12,15~]TETRACOSA-1(21),7,14- selenium containing cyclic
TRIENE-2,9,16-TRIONE hexapeptide inhibitor of Pgp

QZ59S_SSS (4R,5R,11R,12R,18R,195)-4,11,18-TRIS(I-METHYLETHYL)-6,13,20- SSS stereoisomer of sulfur (14)
TRISULFUR-3,10,17,22,23,24- substituted analog of
HEXAAZATETRACYCLO[17.2.1.1~5,8~.1~12,15~]TETRACOSA-1(21),7,14- selenium containing cyclic
TRIENE-2,9,16-TRIONE hexapeptide inhibitor of Pgp

Rhodamine123 [6-amino-9-(2-methoxycarbonylphenyl)xanthen-3-ylidene]azanium chloride A Pgp transport substrate (15)

Ritonavir 1,3-thiazol-5-ylmethyl N-[(2S,3S,5S)-3-hydroxy-5-[[(2S)- Anti-HIV protease inhibitor (12)
3-methyl-2-[[methyl-[(2-propan-2-yl-1,3-thiazol-4- agent known to interact with
yl)methyl]carbamoyl]amino]|butanoylJamino]- Pgp
1,6-diphenylhexan-2-yl]carbamate

Saquinavir (2S)-N-[(2S,3R)-4-[(3S,4a8S,8aS)-3-(tert-butylcarbamoyl)- Anti-HIV protease inhibitor (12)
3,4,4a,5,6,7,8,8a-octahydro-1H-isoquinolin-2-yl]-3- agent known to interact with
hydroxy-1-phenylbutan-2-yl]-2-(quinoline-2-carbonylamino)butanediamide Pgp

Tamoxifen 2-[4-[(Z)-1,2-diphenylbut-1-enyl|phenoxy]-N,N-dimethylethanamine Nonsteroidal antiestrogenic (16)

antineoplastic agent; Pgp
substrate
Tariquidar N-[2-[[4-[2-(6,7-dimethoxy-3,4-dihydro-1H-isoquinolin- A Pgp modulator (17)

2-yl)ethyl]phenyl]carbamoyl]-4,5-dimethoxyphenyl]quinoline-
3-carboxamide




Verapamil (RS)-2-(3,4-dimethoxyphenyl)-5-{[2-(3,4-dimethoxyphenyl)ethyl]- Antihypertensive agent; (18)
(methyl)amino}-2-prop-2-ylpentanenitrile Pgp modulator

Vinblastine Dimethyl (23,3B,4B,5a,12p,190)- 15-[(55,9S5)- 5-ethyl- 5-hydroxy- 9- A vinca alkaloid (8)
(methoxycarbonyl) - 1,4,5,6,7,8,9,10-octahydro- 2H- 3,7- antineoplastic agent; a
methanoazacycloundecino[5,4-b]indol- 9-yl] - 3-hydroxy- 16-methoxy- 1-methyl- | microtubule assembly
6,7-didehydroaspidospermidine- 3,4-dicarboxylate inhibitor;

Zosuquidar (2R)-1-{4-[(1aR,10bS)-1,1-difluoro-1,1a,6,10b- Possible inhibitor of Pgp (19)
tetrahydrodibenzo[a,e]cyclopropalc][ 7]annulen-6-yl}-3-(quinolin-5-yloxy)propan-
2-ol

Valspodar 6-[(2S.,4R,6E)-4-methyl-2-(methylamino)-3-oxo0-6-octenoic acid]-Cyclosporin D Possible inhibitor of Pgp; a (20)

non-immune suppressing
cyclosporine derivative

10




Table S2. Listing of 3.5 A close contacts between amino acids of human P-glycoprotein and docked ligands.

Any contact between protein and ligand that was less than or equal to 3.5 A is listed in the table under its contacted amino acid number, the
nonredundant molecular dynamics frame number from which the contact was detected, and the contacted Pgp residue type, number and

helix.

summary_composite_3.5angstrom_close_contacts_data.rtf
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