Supporting Information

Structural basis of the atypical activation mechanism for KRAS V141

Asim K Bera', Jia Lu', Thomas E. Wales?, Sudershan Gondi', Deepak Gurbani', Andrew Nelson', John R. Engen?,

and Kenneth D. Westover'*

'Departments of Biochemistry and Radiation Oncology, The University of Texas Southwestern Medical Center at Dallas,

Dallas, Texas 75390, United States.

’Department of Chemistry and Chemical Biology, Northeastern University, Boston, MA 02115, United States.

Running title: Structural basis of KRAS V14I activation

*Correspondence should be addressed to K.D.W. (Kenneth. Westover@UTSouthwestern.edu).



Table S1. HDX Data Summary and list of experimental parameters

Data Set wild-type KRAS V141 KRAS A146T KRAS
HDX reaction details® Final D,0O concentration=94.6%, pHre.d=7.6, 21 °C.
HDX time course 0.083,0.167, 1, 5, 10, 60, and 240 minutes
HDX controls 6 undeuterated controls, three for each state
Back-exchange 30-35%
Number of peptides” 64 followed 67 followed 58 followed

56 coincident peptides followed

92.3% 92.9% 92.3%

Sequence coverage
77.5% coincident coverage

Average peptide length;

Redundancy 11.4:4.6
Replicates 4 technical 2 technical 2 technical
Repeatability +/- 0.30 relative Da
Significant differences > 0.8 Da

*18-fold dilution with labeling buffer [10mM Hepes, 150mM NaCl, SmM MgCl, and 5 ['M GDP, 99.9% D,0O (pD
8.0)]. 1-fold dilution with quench buffer [300 mM Sodium phosphate pH 2.47, H,O].

® Parameters to filter peptides for identification from the 6 undeuterated controls were: 2 consecutive products, 0.25
products per amino acid.



Figure S1: Side chain residues involved in interaction with GDP in (A) KRASY" and (B) KARSY'". Figures are generated

from crystal structures by using Maestro.
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Figure S2: Deuterium incorporation plots for all peptides followed in the HDX experiments

Mutation containing peptides

14

-
=3

42-1% —  wika 45156 ~—  wikRa 19 —~—  wikRs 1820 ——  wifRa T —  wikRa 2719
667.823 Da —=—AL46T KRa: 101324649 Da = AL46T KRa: 153192102 —=AL46T KRa: 1411632968 Da = AL46T KRas 121368857 D =~ AL46T KRa 1127678 Da =~ AL46T KRa
1 —— V14 - — V14 — V14l E — V14| R —— V14 10|
= = 8 = = 127 = 10 w7
gl g & S S S 109 S g
F] 2 ] K] 2 104 2 Q] 2
E E 6 z R B 8 s ]
£ - £ 6 £ £ 5] £ ° £ 6]
E ) . 3 ElE 5 5 69
w r o ) » o i v 6 @ 4
2 / £ 4 £ £ 67 £ 2 ]
= e = = 5 7 = 3 = 4
K P : ] E 2 4] RS EIE
& ] 3 ] ]
& 2 P 2] 2
Reference data missing for 2 states | Reference data missing for 2 states & ¥ata missing for 2 stateq o | Reftrence Hata missing for 2 states | Rer&Fence data missing for 2 states | Reference data missing for 2 states
R e e R e g or £ Sl GO I IR S A e e R
006 1 10 100 400 006 1 10 100 300 006 10 100 400 0.06 1 10 100 400 006 1 10 100 300 006 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
Brm ——  wikRs 0p19 ——  wikRs i2-1 —~—  wikRs
1221228726 Da ~=—AL46T KRa: 529,542 Da ~=—AL46T KRa: 102414 Da ~=—AL46T KRa:
—_— V14 PN - V14 —_— V1
g g ] 857
3 3 o] F 4]
£ £ A
b El B
FIE FA
3 : ] 22
)]
- 1
| reFrence data missing for 2 states | Feference data missing for 2 states | Beference data missing for 2 states
L eenes St sy o STt e Ste e o 2 Sk e e g fer s e
0.06 1 10 100 300 0.06 1 10 100 300 0.06 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
19 ——  WiKRs] 2y —  wikRa 0p-1g —~  WikRs = wikRa Sy = WiKRag 731 ——  WiKRs]
5179050a = AL46T KRa 1113663 Da = AL46T KRa: *b15526 s = AL46T KRa: = AL46T KRa: 01114553 0s = AL46T KRas] 001469 Da o AL46T KRa:
—_ V14l 10+ —_ V14l N —_ V14] ——  _s-Vidl 3 —_ V14] —_ V14l
= w7 I - w ~ 5 6] 3
g S 3] | & P - s g
o 5 ~ o o o 59 o
k] z ] ~ £ k. E i
S £ 6] y E £ ‘ E
2 ] / / ; P —
% £ 4] 3 / 2 H
ERRE / 2 2 2 2 E:
- W 2_: !
o at iseing for 1 state o[ Feference data missing for 1 state oL Reference data missing for 1 state 2| Seference data missing for 1 state 0 o]
T T T I e e R e T LB e e
006 110 100 400 0.06 1 10 100 400 006 1 10 100 300 006 1 10 100 300 0.06 10 100 300 006 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
-3 =  wifRa —  wikRa 5p-m =~ wikRa R T =  wifRa 99 —  wikRad Vg —  wikRs
841282532 Da ~=—AL46T KRa: ~=—AL46T KRa: *39.394 Da ~=—AL46T KRa: 15 1725848 D3 ~=—AL46T KRa: 801164637 Da = AL46T KRas] 1203680 Da ~=—AL46T KRa
73 — V14l — Vi4] 54 — V14l | — Vi4] ; — Vi14] 8- — V14l
I = = =10 = ® ]
S 64 [SA (S e 26 (S
z ] B 2 Jee— z ] 2 2 6]
E55 E—— 27 R e 8 s e
£ £ £3] £ £ £ ]
3] 3 53 3 = 3
» 4 w5 v w 6 wd ¥ 4]
2 2 2 2 2 z 4
=39 = =24 = 43 =3 B
& ] & &£ & & ] &
Lr 1] p L 2]
13 1 ] 11 ]
006 1 10 100 300 006 1 10 100 300 006 1 10 100 300 06 1 10 100 300 006 1 10 100 300 0.06 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
Bhyos; —  wKRa 08 —  wikRad 9f0-m ——  wikRaq 10550 —  WiKRa T —  wikRs Ups; ——  wikRa]
1271610821 Da = AL46T KRa: 077605 Da = AL46T KRa: 811206648 Da = AL46T KRa: -1307.695 Da ~=—AL46T KRa: 1523789 Da ~=—AL46T KRa: 101360725 Da o AL46T KRa:
- V14 —-— V14 5 — V14 s — Vi 107 — via ] . V14
g g & & 4] g &
L L L 6-| £ ]
| ] E ] E ] E 6]
£ £ £ £ 5] £ 6
3 3 El E B
- 2 S 2 2]
& z ® £ 4] £ 4
K K z ] I 2 ]
] 2] 2] 27
— T g T g T O O 0 — R
1 10 100 300 0.06 1 10 1 10 100 300 0.06 1 10 100 300 0.06 1 10 0.06 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
ey 9F1-63 ——  WtKRaq 97 —  wikRa 67 63 —~  wikRa 078 ——  wikRa
=~ AL46T KRa §-01090.490 Da =~ AL46T KRa| 801112474 Da =~ AL46T KRa 749.295 Da = AL46T KR 1359611 Da = AL46T KRas
1 - Vi S - V14 V14 5] - V14 ] - Vi
K 2 £ 2 2 i;bigﬁ:!:! 2 6
a a a a a3 2 ]
3 5 5 E 3 3
» » w4 » ¥ ¥ 4]
3 2 z 1 2 2 2
= = =39 = &=
& & & 2_ & &
1 ] ]
0t L e R 0t 0 0
006 1 10 100 300 006 1 10 100 200 006 1 10 100 300 006 1 10 100 300 006 1 10 100 300 006 1 10 100 300

Exposure Time (minutes)

Exposure Time (minutes)

Exposure Time (minutes)

Exposure Time (minutes)

Exposure Time (minutes)

Exposure Time (minutes)



e Ry = WiKRag 9079 = WiKRag Ty = WiKRag 178 = WiKRaq —~  WikRa 7-79 —~  WikRs
101472695 Da o AL46T KRas] 81201567 Da o AL46T KRas] §:P60424Ds o AL46T KRas] 724073508 Da o AL46T KRas] E o AL46T KRa: 10.445 Ds o AL46T KRa:
N — V14] E — V14 — V14 E — V14 5+ — V14] — V14]
= 8| = =67 = ] =
Eis = S i S 44 =1
2 ] F] 25 2] ]
£ 67 £ £, £3] £
. e 543 3 3
= 47 = = E2 k]
& & & s Eﬁﬂ% & & . ;
2]
O 0 T T T 04— T SR e e
0.06 1 10 100 300 0.06 1 10 100 300 1 10 100 300 1 10 100 300 0.06 1 10 100 300 0.06 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
—  WKRs 8Fm —~—  WKRs 9701 —  wikRa 16+ ——  wikRa 301 —~—  wiKRs
=~ AL46T KRa 7201041536 Da 5~ A146T KRa 801170579 Da 5~ A146T KRa 183 5~ A146T KRa = AL46T KRa 023510 Da =~ AL46T KRa:
- Vi E - Vi S - Vi E - Vi - V14 - V14
= =64 =] =12 =] =
S S ] i ) 857 8
= 59 R 2 104 2 1 -
= z £ 57 = T4 z
a a4 a7 a 2 a
3 549 5, 3 S E
v v v 47 o v 37 @
$ 23 EE = 27 H
= =7 =3 = =1 =
2 2,] 2] K] 223 K]
1 1]
0~ 0 0T 0 T T
0.06 1 10 100 300 006 1 10 100 300 0.06 1 10 100 300 006 1 10 100 300 006 1 10 100 300 006 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
Bpg-i13 = wikRs 9-f10-120 = wkRa 6-f17-120 = wikRa -1 =  wikRa U-g1% —— wikRa
o~ AL46T KRa: 1274756.963 Da ~=—AL46T KRa: 801188611 Da o AL46T KRa: 1748366 Da o~ AL46T KRa: 21189.509 Da ~=—AL46T KRa: 101403695 Da ~=—AL46T KRa:
—_— V4 b —_— Vi 5 - Vi 5] - Vi - V14 ] - vi4
= 7107 =3 7 ] = 5 8]
S g | S6] € 4] S S ]
2 £ 8 2 2] 2 2
E T £ 5 / E ] 5 £ 6]
£ £ £°7 £ 3] £ £ 6
B S EPE =3 3 .
S S I — I 2 £
= = =3 = =24 = & 7
K & 2] 2] & 2
2+ 1 b
E 1] 2]
E 14 E ]
10 100 300 006 1 10 100 400 0.06 1 10 100 300 0.06 1 10 100 300 06 1 10 100 300 006 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
Loy = wikRa B3 —  wikRa fi5-12 —  wkRa 16-15-132 —  wtKRag 1157133 ——  wKRa e FIRSEE] ——  wKRa
1504742 05 o AL46T KRa: 188103 Da o AL46T KRa: 721090.531 Da o AL46T KRa: 1421975950 Da o AL46T KRa: *0089.034 D = AL46T KRa: 10458755 Da = AL46T KRa:
10+ — V14] — V14] E — V14| ] — V14| 144 —— V14 - —— V14
=] = = 67 = = 157 = 8|
S g7 =3 g =1 & 124 S
o - @ o 57 W @ 1 W N
B = £ = £ 10 3 6
£ 6] £ £4] £ £ ] £ 6
= 67 S =47 S S 8] > ]
R 3 EPE 2 3 q R
£ 4] £ g% £ £ 6] £ 4
2] : 2,] E] 2] 2 ]
] E ] 24
2 13 2] ’
006 10 100 300 006 1 10 100 300 0.06 1 10 100 300 0.06 1 10 100 300 0.06 1 10 100 300 06 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
—  wikRa 637-133 ——  wikRa Uhs1a —  wikRs 103357128 —  wikRa P EERTL —— wikRa 314 ——  wikRa
= AL46T KRa: 503426 Da = AL46T KRa: 104481764 Da  —=AL46T KRa: }1366.736 Da = AL46T KRa: 101453769 Da ~=—AL46T KRa: 253652 Da ~=—AL46T KRa:
— V14 5] — VL4 b — V14 8] — V14 1 - vi4 - vi4
[ S 4 s ¥ E i g
Fl Fl P 2 6] 2 ] 3
E E T 6 7 E 6] E
£ £, £ 6 £ £ 6 £
3 3 3 Bl . E
S S 2 4] 2 4 R 2
E: £z R E £ 4 k-
ki 2 g g g ] &
1 27 27 2-]
T 0T L o 0 —— 0O
0.06 1 10 100 300 0.06 10 100 300 006 1 10 100 300 0.06 1 10 100 400 y 1 10 100 300 006 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
103185 —~—  WkRs T —~—  WkRs 855 1m —~—  WkRs 5713 —~—  WKRs [39-197 ——  wikRa M-a71% ——  wikRa
1340685 Da ~=—AL46T KRa: 10-1411722 Da ~=—AL46T KRa: 721182615 Da ~=—AL46T KRa: 39,482 Da ~=—AL46T KRa 005562 Da ~=—AL46T KRa: 15 163781305 ~=—AL46T KRa:
8] —_ V14l | —_ V14l E —_ V14l 54 —_ V14l — V14l | — Vi4]
£ 67 £ ] £°3 £ £ £ 8]
£ £ 67 £,] £ 5] £ £ 7
=2 = =7 B = > 6
2 o y ¥, ¥ ] ¥ y 6]
B £ 4 R £ 2] B £
. g ERE ERE E 2 4
27 ] F ] E
1 % 1] 1 2]
]  data missing for 1 state E 1 | Reference data missi
0 e e o o e ol 0 T :
006 1 10 100 300 1 10 100 300 0.06 1 10 100 300 006 1 10 100 300 006 1 10 100 300 0.06 1 10 100 300
Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes) Exposure Time (minutes)
—~—  wikRa 15156 —~—  wikRa 10146156 —  wikRag 57-160 —  wikRa —~—  wikRs
= AL46T KRa: 101204639 Da = AL46T KRas] -1207.607 Da o AL46T KRas] 042509 Ds = AL46T KRa: o AL46T KRa:
— V14 —-— V14 —-— vi4 - vi4 — Va4
S 3 S s g )
2 ] ] 2 2
£ £ 6 £ £ £
3 . . 3 3
2 N s 2 2
= & 4 ® B B
2 ER R 2 2
g g .—/’5;;!;—9
oL Reference data missing for 1 state | Reference data missing for 1 state Reference data missing for 1 state oL Reference data missing for 1 state 0
R e e e R L e R e T
0.06 1 10 100 300 006 1 10 100 300 006 10 100 300 006 1 10 100 300 006 1 10 100 300

Exposure Time (minutes)

Exposure Time (minutes)

Exposure Time (minutes)

Exposure Time (minutes)

Exposure Time (minutes)



Figure S3: Illustrating the relative differences in hydrogen-deuterium exchange mass spectrometry of KRASY'*' and

D141 kras = Dt kras

KRASAMT
A. B
—_ DA146TKRus_ Dwt KRas
8" 3 N EaN N
= W 4 hours €
S .
= Il 1 hour §
g - M 10 min | e Y] s
= £ ) £ ) £
msen g Oy 3&3 , oy
= . < . C . & 5 el q .
c [ 1 min E s, R =N < Y\'Z
3 [ 10 sec < o DT JAN ““{/
2 3 Kt T~ e
E I 5 sec Q<(
[a)
g
o 10 sec 1 min 10 min 1 hour 4 hours
[
£
a
° -
2.
2
e
o
o

| q N
S ¥ v Y Val
QU '\/ rf . QU '( £ &) !( £
O R Lw I et O WU
L vy, NP YW T
Amino Acid number (TN (7 s D
« W L

DV14I KRas — Dwt KRas

Relative Difference in Deuterium Incorporation
Dyt KRas ™~ Dyt KRas
05 0 05 08 1.0 1.5 2.0 3.0 40 50 6.0

p—
No Change D No data

lllustrating the relative differences in hydrogen-deuterium exchange mass spectrometry of KRAS4BY'* and
KRAS*™T_(A) Relative differences in deuterium incorporation shown in all peptides coincident between
KRAS4B*¢T ys KRAS"T (top panel) and KRAS4BY'* vs KRAS™T (bottom panel). The relative difference (y-
axis) for each peptide is shown for each time point (time points are colored according to scale at the right).
The peptides in the regions of mutation are not shown as a subtraction cannot be made against the wildtype
(see uptake graphs in Figure S4 for comparison of deuterium levels in the peptides). (B) The differences in
deuterium incorporation between the mutant and wild-type KRAS constructs at 5 time points are identified on
the cartoon structures of KRASA'*®T (top panel) and KRAS4BY'! (bottom panel). Relative differences are

calculated as mutant minus wt KRAS and are colored according to the color scale at the bottom.



