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Title: A rational design of a-helix-shaped peptides employing the hydrogen-bond surrogate
approach: a modulation strategy for Ras-RasGRF1 interaction in neuropsychiatric disorders
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Homo sapiens (1184 -PPCVPYLGMYLTDLAFIEEGTPNYTEDGLYVN-1214
Mus musculus (1173 -PPCVPYLGMYLTDLVFIEEGTPNYTEDGLVN-1203
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Figure S1. FASTA sequence alignment between RasGRF1 interacting region from two different organisms
(homo sapiens and mus musculus)
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Figure S2. RMSD plot of MD simulation performed on Ras-Sos complex (PDB 1XD2)

Table S1. Plots of the H-bonds established between Ras and Sos during the MD simulation.
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Figure S3. RMSD plot of MD simulation performed on Ras-RasGRF1 complex

Table S2. Plots of the H-bonds established between Ras and RasGRF1 during the MD simulation.
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Figure S4. RMSD plots of first (a) and second (b) MD simulations performed on Ras-RB3 peptide complex
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Figure S5. RMSD plot of MD simulation performed on Ras protein in complex with 310-HBS RB3 peptide

Table S3. AGrinding average values of the interaction energies and the Generalized Born solvation energy for
the MD trajectories of the complexes Ras-point mutated 310-HBS RB3 peptides.

First Peptide Second Peptide Third Peptide
Point mutation T1184R T1184M D1185W
AGeinding — average interaction energy -98.85 kcal/mol -48.00 kcal/mol -98.57 kcal/mol
iil:;;g - average GB solvation 9.36 kcal/mol -44.76 kcal/mol -4.93 kcal/mol
Fourth Peptide Fifth Peptide Sixth Peptide
Point mutation D1185Y D1185F D1185L
AGeinding — average interaction energy -101.10 kcal/mol -84.63 kcal/mol -78.69 kcal/mol
ji‘;g“yg - average GB solvation -1.38 keal/mol -10.19 keal/mol -3.38 keal/mol
Seventh Peptide Eighth Peptide Ninth Peptide
Point mutation F1188R F1188H 11189M
AGeinding — average interaction energy -47.97 kcal/mol -8.58 kcal/mol -34.55 kcal/mol
ii‘;g“‘yg ~ average GB solvation -39.52 keal/mol -60.99 keal/mol -48.57 keal/mol
Tenth Peptide Eleventh Peptide Twelfth Peptide
Point mutation E1190H E11911 E1191L
AGpinding — average interaction energy -36.69 kcal/mol -44.44 kcal/mol -53.27 kcal/mol
ii:;}"g - average GB solvation -36.68 kcal/mol -34.21 kcal/mol -41.85 kcal/mol
Thirteenth Peptide Fourteenth Peptide Fifteenth Peptide
Point mutation E1191V E1191T T1193R
AGeinding— average interaction energy -53.11 kcal/mol -42.78 kcal /mol -45.44 kcal/mol
f:::gjg - average GB solvation -41.30 kcal/mol -41.72 kcal/mol -44.74 kcal/mol




Sixteenth Peptide

Point mutation T1193N
AGeindging— average interaction energy -51.05 kcal/mol
AGbinding — B solvati

Goinding — average GB solvation -46.10 kcal/mol
energy

Table S4. RMSD plots of 100 ns-long MD simulations performed on Ras protein in complex with the sixteen

point-mutated 310-HBS RB3 peptides
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Table S5. AGrinding average values of the interaction energies and the Generalized Born solvation energy for

the MD trajectories of the complexes Ras-combinatorial peptides.

First Peptide Third Peptide Eleventh Peptide

Peptide sequence YLGMYLRWLVRMELGR YLGMYLRYLVRMELGR YLGMYLRFLVRMEVGR
AGeinding — average interaction energy -217.54 kcal/mol -251.32 kcal/mol -233.65 kcal/mol
’:ncergyg - average GB solvation 134.08 keal/mol 15452 keal/mol 142.26 keal/mol

Twelfth Peptide Fifteenth Peptide Sixteenth Peptide
Peptide sequence YLGMYLRLLVRMEVGR YLGMYLMFLVRMEVGR YLGMYLMLLVRMEVGR
AGpinging— average interaction energy -252.46 kcal/mol -176.32 kcal/mol -166.15 kcal/mol
’:irgyg - average GB solvation 159.96 keal/mol 96.53 keal/mol 73.61 keal/mol

Eighteenth Peptide Nineteenth Peptide Twentieth Peptide
Peptide sequence YLGMYLRYLVRMETGR YLGMYLRFLVRMETGR YLGMYLRLLVRMETGR
AGeinding — average interaction energy -283.21 keal/mol -262.47 keal/mol -217.80 kcal/mol
fi"rg“yg ~ average GB solvation 182.87 keal/mol 159.85 keal/mol 129.08 keal/mol
Twenty-third Peptide Twenty-fourth Peptide Twenty-fifth Peptide
Peptide sequence YLGMYLMFLVRMETGR YLGMYLMLLVRMETGR YLGMYLRWLVRMELGN
AGinding — average interaction energy -195.79 kcal/mol -163.02 kcal/mol -153.99 kcal /mol
fi"rg“yg ~ average GB solvation 11027 keal/mol 80.71 keal/mol 56.75 keal/mol
Twenty-ninth Peptide Forty-second Peptide Forty-third Peptide
Peptide sequence YLGMYLRFLVRMELGN YLGMYLRYLVRMETGN YLGMYLRFLVRMETGN
AGeinding — average interaction energy -174.73 kcal/mol -194.94 kcal/mol -247.51 kcal/mol
’:i"rg"yg - average GB solvation 88.17 keal/mol 105.36 keal/mol 124.01 keal/mol
Forty-fourth Peptide Forty-fifth Peptide Forty-eighth Peptide

Peptide sequence YLGMYLRLLVRMETGN YLGMYLMWLVRMETGN YLGMYLMLLVRMETGN
AGeinding — average interaction energy -219.53 keal/mol -150.62 kcal/mol -145.62 kcal/mol
AGinans - average GB solvation 123.22 kcal/mol 64.59 kcal/mol 53.81 kcal/mol

energy

Table S6. RMSD plots of 100 ns-long MD simulations performed on Ras protein in complex with the selected
eighteen 310-HBS RB3 combinatorial peptides
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Ras-Combinatorial Peptide 43
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Table S7. The bar charts of protein-ligand interactions for the eighteen 310-HBS RB3 combinatorial peptides
(on the left column); the plots illustrating the frequency of interaction occurrences between the combinatorial
peptides and Ras protein (on the right column)
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Combinatorial Peptide 18

Interactions Fraction

QP

Fxs

mm"w‘«i”@#'»""@o}‘” A

ST EVEE RTS8

5 b“é"t?h“é”é’ ’\'\".\,\i‘
¥

SEVERLl

P
1% H-bonds 1 Hydrophobic M lonic M Water bridges |

LYs_147
ARG_149

3
LTI N

TR 7
il v
!

R

IHl‘Illel\l I

IF-I A 1 11 0 i nqu'm ‘I!.III
| lllnlm-_mm-m
WA ¥ 0000 O 00 0RO OO

I | LU VYT LR R R IH ‘li‘i !1‘ l\“ IIII

a0

Time (nsec)

100

N w
S1283U02 JO #

=)

Combinatorial Peptide 19

Interactions Fraction

=§’w TEEEES

KR x'ﬂ..{n@ \,;»'5 2 A A qga'\@

Cy
VTS PE ST

@'é”@"@é"@'\""\"’b’.‘

&*9"&'\5‘4@@ 4@/

" H-bonds % Hydrophobic M lonic M Water bridges]

I\I | M ([
WI\I Il WI”

i , |

! 1I‘|/ I

JI Il Illl\‘II\IIIIIIIII OO

I [

40 60
Time (nsec)

100

N w
Sp2RIGD JO #

=

Combinatorial Peptide 20

Interactions Fraction

25

20

05

0.0

SHFBER

Do o h’\ PAOPLHLAD SO EE Y QLD

SERRBRSE R IORIINRN

I H-bonds I Hydrophobic Mlonic B Water bridges |

98B

6LU_3
ss
SER_17
ALA18
ILE_21
GLN_22
ILE_24
GLN_25
VAL_29
ASP_30
GLU_31
TYR_32
ASP_33
PRO_34
THR_35
ILE_36
GLU_37
ASP_38
SER_39
TYR_40
ASP_54
ILE_S5
LEU_S6
ASP_S7
ALA_59
GLY_60
GLN_61
TYR_64
ALA 6!
MET_67
ASP ss

TYR 71
LYS_147

1‘ I I“hlq

hl[_-

jlﬂ'w» i
T il

] AR 1 LR II AR |

1Il! I‘ll“&“llll

I 1. ]

TN -
i lllllll

\UI ,“ H\ll

|

20 40 60

Time (nsec)

80

100

N, w

S1983U03 JO #

r=




Interactions Fraction

Combinatorial Peptide 23

GLN_25 00 TV ERE ) .
HIS 27 0 WATRT O O

ASP30 I | OO T \IIIF IWII\IIIIII

- Eo:é% *i I‘IHH i M“l‘l I\{I MH \I I,_H’

1.0 ILE_36 IIII\I\|\

SER_39 1 I P00 I 1] [ ] L0 |
I h , [ RINNIWH I

SR PLTA A P A  T AL N A AL A ¥ '

b WA Q70 s 2 ; GLN_61 I

£FPL i%b"\\?&‘ o P P4 %5 PHEEPRIPIPELPEY 6L 63 ) )

ve_e4 -INIIMNN ] I‘HHH Il LTI 1 0

5 H-bonds i Hydrophobic Mlonic Ml Water bridges| S A | o

o 20 db ﬁlﬂ Hb 100
Time (nsec)

Combinatorial Peptide 24

IO I 000 O | 1

GLN_25 [ Tl
ASP_30 i

GLU_31 k%

YR 32 A MO0
Asp_33 4|

PRG 34 LU L RUCTT 1 1 ‘ 1 YO 1

ILE 36
6LU_37

101 T \III
'MUE Flr*ﬁ\\HIIIIFIIIFII\-II\IIIIIIIIHI] T 00 0 0t

a3 b vt e w0

I ‘ | ]
R D L L T T T BT U gt QR «, 9o P O ALk 59 | W L ALY
DR DD DA D 577 ®e g bﬁbi: L) v en

»
FUESFIESCEFE GOy | wn
u

Interactions Fraction

TYR 64 LI T [ I TV AR R
6
Hydrophobic B lonic B Water bridges | MET_67 |

0 20 40 60 80 100
Time (nsec)

Interactions Fraction

Combinatorial Peptide 25

SER_17 -
ALA18 -
THR_20 -
ILE_21 + |
GLN_22
ILE_24 -
GLN_25 |
ASP_30 |
2,00 GLU_31 1 I

175 sz {1 OV NI RN
ASP_33 <
' OO N T

150 PRO_34
[T

THR_35 -

ILE_36 |
6LU_37 -
075 Asp_38
SER_39

0.50
mveso ] II\I Il\r

125

1.00

0.25 ASP_54

0.00 - ILE 55 1 MR
A2 ad A N oAy D ‘)b'\%q@h'o AP LGOS QA LEU 56 -
BRI R A e e R I
SISO EPE GO 5&?{“5’&@39&@?&4"@4&@" nse_s7 I |

ALA_S9

GLY_60

GLN_61 II |

GLU_63
o5 - 0 R 00 0 00 0 AT A

MET_67 ‘

7873 S 00 A

THR_74

[% H-bonds © Hydrophobic M lonic B Water bridges |

0 20 40 60 0 100

Time (nsec)

) w

SpeIUB) Jo #

=

N w v
$398JU02 JO # v

©

™) w

$2903U00 4o #

=3




Combinatorial Peptide 29

Interactions Fraction

fﬂ@?ﬂ##ff?f

BUPBE

[ H-bonds I Hydrophobic M lonic M Water bridges |

thbﬂfbﬁh’»’b”:dﬁé'\u e
o a9 4 © kT b b h’\‘\hh
BERE, @7@4‘ S, b’b}

SER_17 [

T I

IIIIMI“\ |IIIIIIH\HIII I I I
0 00 A R 0

;ts;;g | : |

Socen T o I‘|
ILE ss | ] |

»sw_sr T T \

PRGJ‘ I/ i

GLY_60 |
GLN 61 1IEREI

LU 63 im
wnsg (0 SRR TR T TR U

MET_67 | 0 |

100 O |

2 u l“r."Hm "(W)

Hll III

!

[1 {0

0 20 40 60 80

Time (nsec)

) w I
S13eU83 JO # v

=

Combinatorial Peptide 42

Interactions Fraction

5 & B B o= oM
s 5 383 & 2 & 3

=
&

o
2

ROABDLNDENDD P 5D 5D D3

P O S IS OSSO R ROS

1% H-bonds 1 Hydrophobic Mllonic BWater bridges |

4‘:“@&@@“6‘@«‘*0 0

Q./‘v

a
a
z
b

HIS_27 I

(it
GLU_31
TRz AIIIII L] illlfl#h—illll-lllllll Tnnmwm
el I

LUV TIRRTLT (T T

ILE 55 AN 11 AT O N AN

m III—IIF 111 IM‘

Qg

GLN 61| | |

sl L1 T i T

il
UL |

1A 1 0 O 0

E
z
3

il

34 {1 N00AHODO 101 0 0000 0 0 e I\IIIII]ll (T

z 1 II-I-IUIIIIIWI\JIHHIIIIII \’ L0 S0 T H‘
" g

UL TR S T T

o 20 4'0 6‘0 80
Time (nsec)

)
$128)U03 0 #

=

Combinatorial Peptide 43

Interactions Fraction

"),“11 1»

o '\ ‘!

[ H-bonds " Hydrophobic I lonic 1

S D Sdo
o ‘2?:3:"\;\’

A
L)
'Q 204 %3,

SERSESEEE

Water bridges|

G @S9 D P

,",'\;

RR

\I‘ W W) \IIIHJ"WT'"I
NN T
THR_20 -
ILE_21 4 1 ] l
GLN_22 | ]
ILE_24 4
GLN 25
ASN_26 -
HIS 27 -
PHE_28 -
VAL_29 -
ASP_30 -

w0

|
ASP33 Wil
PRO_34 -
THR_35 -
ILE_36 -
ASP_38 -

]II II i illl

4
- D
&

i I LR

e ss | 01

LTI I\

4
r_e4 | [0S

Lrs_1a7 - ||| | | |

| 1 IIRIIHIII\‘II’IIIIII I|I|IM|I‘I\II\FNI\IIHI\IJ \Jllll‘ll

e T hmlﬁWlm‘\“uli\\ m \II\“IIHHIIHIHIIWIL

o 20 40 60 80
Time (nsec)

)

51203U02 JO #

=




SER_17 g 0000 R AL T}
ALA1B | l 1110

THR_20
ILE_21 - I |

GLN 22 L]
ILE_24 -

GLN 25 + i TN 00 T 10 AN O ASTN T T

Interactions Fraction

Combinatorial Peptide 44

ASN_26 |
HIS_27 -
PHE_28 -
VAL_29 -

ssr0 | B0 hl\llll WIIIIII\ \‘HI\IIH\F"IHI\ 1] \Illl‘rlli LA III‘
TYR_32 Ih“v‘l-ﬂ-ﬂllllllll Il i III“I&IIIII&J\I i “

ASP_33 -
PRO_34 -
THR_35 -|
ILE_36 -
ASP_3

p ig oo e e ”mml

ASP_54 |
e 55 3 |1 | A O 0 OO 00

LEU_56 -

POSRADPHHDSOLHHAD S S EE QPP ﬂ_g;*
?9\“2{»@&_@1";-?’ 4Q$@°3Q/Q§7Q -6%‘5 ¥4 \}?gg&?@Q&&eX&@?«"’ 6LY_60 - ol : |

GLN_61 -
- - - TvR_e4 | [T U | |
[ H-bonds 1 Hydrophobic M lonic B Water bridges| ALA_66 -

MET_67 | I
GLN_70 -

TR 71| A I 00 A
ALA_146 -

Lrs_1a7 | || [ [ 1l
0 20 40 80 100

Time (nsec)

SER_17 ] | T 1] I

LR P il

L‘-IIH-III I H|I 0 ML I:-IIII:ISII*‘

[¥) w

S120U02 JO #

=y

w

Interactions Fraction

IIH,HIIIH\IWI\IMII\IHI TR \‘\I |

.

S1901U03 Jo #

Combinatorial Peptide 45

BEADEHOADDRHAD S¢S & E LAY

SRR RN

5]
"RB:: O | U
1 H-bonds 1 Hydrophobic M lonic I Water bridges | MET_67 -

TYR_71 I
w17 | ‘ B T AT

0 20 40 60 80 100

Time (nsec)

| AT 00O DT ] I

THR 20 I | 1] [
e21- ] {11001 ML Tk |

o
.
3
-
S

Interactions Fraction

Combinatorial Peptide 48

ASP_30 NI O D N AR ‘II N TR OTRAU T LT

> il ‘
vr_32 I 0 DAL DALY R 0000 0 AT 00 O

9 (I | 11
v _a -] || A II|IIIII\ A g1 \ 1l

155 - 1 NN F T 0 [T TR R I\UlH li ]IH\IIIJIII\IH

hsp 57 q IIIHIII--F | JUNE D |

P gy ¥ Q) '\ A 94?'5"4}‘ © P e“é‘@é’h"é‘«“\"'«" 8 6LY 60
AR s Q(},’ PRCLEEFEPETE ’6‘(,9«&“'635‘4&(@“‘3@7 cuel NI 0 R 1

TYR 64 I ‘ H‘\ T T I\I[I\Il\l\l

% H-bonds 1 Hydrophobic M lonic M Water bridges| A !

0
e 71 ][RI L T g |

rs_147 4 ||| |
o

&
3
-
g

20 20 60 80 100

Time (nsec)

™) w

SpIRJU0D O #

=y




