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SeeSAR 10 beginner’s guide
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Welcome to
SeeSAR 1()
fast + visual =+ easy

it et -

To begin, let's start with a new project.
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ﬂ Unnamed - SeeSAR

D 2] 221'11 x

RCSE PDEB (1 hits) X
2ZFF Exploring Thrombin 51-pocket

O 8 @ & X @
s

Type a pdb code in the search box and press enter to
download a protein directly from the pdb. For this
guide we will use 2zff as example.

2D

Note: you can also load
your protein from a file, via
the file menu button.

Sequence View

£ e e, M 2 O showbindingsiceonly () y7ae
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ﬂ Unnamed* - SeeSAR

D es 2zff

Data

2ZFF - define your ligand

Define which one of the hetero groups below
is the ligand, i.e. is not part of the protein.

Hetero groups
Name
pM M

53U_H_2001

2D

UM

—

Estimated affinity
A

LYZ

mM

El

1 5
all —— pridd GLUIC ALAIE ASP1A cyst GLy2 LEU3
2ZFF
U BioSolvelT © 2020 4

WA

The protein is loaded and all molecules, buffers, co-factors etc
will be listed. Please (1.) select the ligand and (2.) press the

“Apply ligand definition” button.
Note: if you are not sure what name contains which molecule,

click on the name and have a look at the 2D structure below.

O Sshow binding site only O < L PO
SER141 TYR14) ILE14K ILE16 VAL17

Sequence View
GLU18

0 20
LEUS PHE7 GLUg LYs9 Lys10 SER11 LEU12 GLU13 ASP14 LYS14A THR148 GLUT4C ARG14D GLUI4E LEUI4F LEU14G GLUM4H

ARG4 PROS



ﬂ Unnamed* - SeeSAR =

D es 2zff X

-
-
Data -
P =
Proteins
Color Filename
@ = 27FF
Ligand for 2ZFF
it Name Estimated affinity
23 53U_H_2001 ’ - |—J| =
2D
- click entries to select - mouse-wheel to zoom
- middle-click to shift
Sequence View
=1 B z O Sshow binding site only O S L PO
all — pridd GLUIC ALAIB ASP1A Cyst GLY2 LEU3 ARG4 PROS LEUS PHE7 GLUg LYsS Lys1o SER11 LEU12 GLU13 ASP14 LYS14A THR148 GLU4C ARG14D GLUI4E LEUN4F LEU14AG GLU?AH SER141 TYR14) ILE14K ILE16 V);LH' GLU18

2ZFF a
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@] Unnamed* - SeeSAR = X
g * - .IIIIIII@III@IEL% & @
Data . m Background
e Adjust background color & omse

Proteins :Layout
Cg — S Change the table layout lo@ o @
Switch between dark T m @ Ligh
and light theme S Labatste

. . e 12
— Adjust label size o
# - Name Estimated affinity : ) : @® Green-Red | @) Blue-Red
_ NIRRT Switch to color blindness .
2@ ESU_H_ZO(H — d L EEEEEEEEEEEEEEER
moae
B If you want to customize the layout of SeeSAR, click on
the ‘appearance’ button in the top right toolbar. For this
”N\(O 0 guide will use the light one, but please feel free to use
@‘)S/\@ whatever you prefer!
NH3
Sequence View
=] 2 A MO H [J Show binding site only Y @ L PONamelegely)
27FF 53U_H_2001 2
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& 2:Af X

@ ©@ B £ R @

B = :‘li’ll’l’“’ll:

o Flename Note that you are in the Protein mode.

S = The mode switch button shows in which
mode you are and allows you to change
the mode as well. Hover over it so see

Lgand or 22 your options.
# - Name . Es::\atedam:ﬂy -
2 |=]s3uH2001 : =

2D

HN\(O o

Sequence View
€ 2 A M O B O Showbindingsiteonty () @ & O
1 5 10 15 20 25 30
all 27FF GLUIC ' ALAIB = ASP1A cyst GLY2 LEU3 ARG4 PROS LEU6 PHE7 GLU8 Lys9 Lys10 SER11 LEU12  GLUI3 = ASP14 « LYS14A  THR14B  GLUTAC < ARG14D « GLU14E  LEU14F « LEU14G  GLU14H = SER14l = TYR14]  ILE14K ILE16 VAL17 = GLU1S
2ZFF 53U_H_2001 L! ]
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The Analyzer mode is for

In the Proteins mode

filtering molecule sets
you can load and Proteins ~ . Analyzer - trino ’
superpose proteins. &) ¢ hit triaging etc.

The Binding Site The Molecule Editor
mode sets the Binding Site Molecule Editor mode is for designing
reference pocket.

new molecules in 3D.

The Inspirator mode
The Protein Editor Protein Editor Inspirator helps you to generate

mode is for editing new ideas.

side chains, deleting
waters or buffers.

Docking In the Docking mode you

can generate poses for
new molecules.
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@ @ &8 £ R @

& 2zff X
Data e i
& @ '
Color Filename
@ | = 2zFF
Ligand for 2ZFF
# - Name Estimated affinity
26 ] é\ Calculate estimated affinity —
() Add to Binding Site mode 7
| (%) Add to Analyzer ) 4 ] ) ]
© add o Motecte o Next, we need to define the exact binding site to work
with. As we plan to use the bound ligand for this purpose,
@’g‘)\ we right-click on the ligand to access the row menu and
OO press Add to Binding Site mode.
Sequence View
£ 2 L MO 2 ) Show binding site only Y @ L PONamelegely)

2ZFF 53U_H_2001
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EEEEEEER

B & o [o] E= O & @ % X @
.\ /

2ZFF - define your binding site

30 residues are currently selected for the binding site
You can modify the binding site selection, or confirm with the green button
above

g Site

Molecules
‘ Name Number of residues
53U_H_2001 30

Unoccupied pockets

‘ Pocket ID Number of residues

With the loaded ligand, all residues within a 6.5 Angstrom radius around it are automatically
selected (and highlighted in pink). So all you have to do is to confirm your selection with the
green arrow button.

Note: if you want to modify the automatic selection, add or remove individual amino acids in the
3D view by clicking on them in the 3D view or the sequence view.

Sequence View

'E 2 'Io M o ; Bl Show binding site only O @ p O Name(eg giy)
| 1 5 10 15 20 25 30

Al —— 22FF |(GLUIC | ALATB < ASPIA « CYSt  GLY2  LEU3  ARG4 « PROS < LEU6 | PHE7 « GLUS « YS9 « LYSI0 | SER11 « LEU12 ~ GLU13 / ASP14  LYS14A ' THRI4B  GLUIAC AARG14D GLUT4E  LEU4F | LEUT4G /GLUTH  SER14I « TYR14 / ILEK = ILET6 | VAL17  GLU1B
S £ L = = = < - - £
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. »

& 2ff X = .
n

- —— . n

: \"\‘x J"

[ ] \,,; ,,e-‘”": :

wEmEE .

® @

|| Measure Atom Distance D

Go back to the Protein mode to inspect the -
binding mode of the ligand inside the binding /"
site. The colored coronas depict the — ~/
contributions of each atom to the estimated \ ' T o X ' N O oo
binding affinity. Red means unfavorable OGN
contribution, green a favorable contribution ¥ AN
and the bigger the sphere is, the stronger is the W, ‘ I et
effect. No sphere means that such atomis not #»% | e a2im
estimated to have a significant impact on the . 5 oesohaton

Interaction

[ Measure Angle A

> Measure Torsion T

binding affinity. To find out more about each Y]
corona activate the label function and click on s ®/4
one atom. N /N
Sequence.Vlew
£ 2 AL M O = [ Show binding site only Y @ L [OName(egzly)
all —-D 22ZFF zi‘lcmiw_iui ,,?YS‘ GI.SYZ LEU3 ARG4 PROS LEU6 P::.'I GLU8 LYs9 LYs10 SER11 LE‘:IZ GLU13 = ASP14 . LYS14A | THR14B GLlZJ?‘iC ARG14D  GLU14E | LEU14F | LEU14G GLide SER141 . TYR14) | ILE14K ILE16 VASLOW GLU18
27FF 53U_H_2001 ! ]
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& 2zff X
Data
B @
Proteins
Color Filename
o @ | |2zFr

: Q@ &8 B % K @
© show Label .
Check-out the other
analysis options!
Ligand for 2ZFF
# - Name T
20 [5/53uH 2000 I '_u|M M
20

HN

|| Measure Atom Distance D

[ Measure Angle A
>€-¢ Measure Torsion T
[0] Clear All Labels
N\
(0]
(0]
O
NH3
[El2 LV o 3 |/
1
all =l 22FF

/ \
- ¥

C6, 53U_H_2001
5
GLUIC  ALA1IB ASP1A cvs1

GLY2

Hyde: -4.2 kj/mol

x Desolvation

Interaction
X

10
LEU3 ARG4 PROS LEUB PHE7 GLus

~ <l
Sequence View

| ) ' ""‘y’\
|
As the 3D view easily gets busy, let's customize the visualization.

15

2ZFF

1.

20

I [J Show binding site only I 2
53U_H_2001

LYsSS LYs10 SER11 LEU12 = GLUI3 = ASP14 | LYS14A | THR14B | GLU14C ARG14D GLU14E | LEUT4F | LEUT4G | GLU14H | SER141 | TYR14] | ILE14K ILE16 VAL17 GLU18

@ o0
25

30
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The view controls let you toggle on/off:

Individual  ligands

amino acids waters
complete meta
protems backbone
/ Let's hide the secondary structure, by
""""""" clicking on the “Chain-H" button in the
'E e A M 0 ’ ----- backbone tab. Upon clicking it turns
......... grey (deactivated)
. U (mm"fff.f..m) — Note: all buttons are clickable, so that

you can hide all parts of one protein in
one click (useful with several proteins).
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ﬂ Unnamed* - SeeSAR

[© a2 X 6 ®@ ® & %

B @

Proteins

2 o
H x

Color Filename

g @ | = 2zFF

\\
\\\ o/ ® \ ; '
Ligand for 2ZFF 7 %

# - Name Estimated affinity

il Add to Molecule Edltor IS acceSS|ble

. lizmw o again with a right-click on the table
O st e | entry. This copies the molecule into
CEEEEEN the mode and automatically switches
to that mode.

@ Add to Docking mode

r—f A
e ¢ A ™ %
3 Y

Sequence View

2ZFF 53U_H_2001 a
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The editor-menu will appear on the top left. There you can:

add atoms | change adjust remove
or rings charge torsion atoms
% B % W & = W O C 6O @ @

change change ReCore parts store the current
atom type @ bond type of molecule molecule to the table

store the new molecule to the table
after a template-based docking

To edit a molecule ALWAYS:
1. select (atoms or bonds)

2. modify (using the function of choice from above)

Note that many editor functions have shortcut-keys.
E.g. select a bond and type 1, 2 or, 3 on the keyboard,
or select an atom and type the element (C, N, O, ...).
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ﬁ Unnamed* - SeeSAR

~ X
| O/C &8 0° ::::‘:::: "e‘ D 9 @ @ @ @ @ % & @

Data Save edited molecules to table [Ctrl+E]
@ i sw&[;'c ’to':‘ ‘gﬂ:d: :' ® 2R

O # & Name Src Estimated affinity
pM nM oM mM

[] 4 57 (=] 00 —

As an exercise, we add an
amino group to the ring by
selecting the Hydrogen in meta-
position and changing its
element type to “N”.

Note: During editing you see all N8
Hydrogens but no estimated
affinity and no coronas. To see
them, 15t add the edited ligand

to the table (with the green N\
button) and 2" select the new N JI
entry in the table! T

% Show whole protein Y @ L Phameleg gy

25

1 D 10

O— 0 GEED GG

22FF No molecule selected L]
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ﬂ Unnamed* - SeeSAR

- X
B % B % % & 4 [Oowmn] © © @ & @ % X @
Data l Continue editing l’ '-‘.;.‘ . $ :

(] 5 Switch to grid
0 # & Name Src Estimated affinity
pPM nM BM mM K
(] 4vy B 53U_H_2001 H — A
R = [Slsau.012 —

If you click on the molecule entry
you see the estimated affinity and
related coronas, but only polar
Hydrogens. The editor menu is
locked now.

To continue editing, click on the
‘Resume’ button on top!

N

HN\(O 0

SaNe

/2 4 M o %
1
©—o0

£ Showwhole protein Y @ £ PhNameleggy)

2ZFF 53U_H_2001_2 1]
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ﬁ Unnamed* - SeeSAR

- o X
B % B % % & & [orm] O O @ O 8 B % 8 @

@ Ivy I@ X @ m # Switch to grid ﬁ .
D. (2) Add molecules to Binding Site mode Frc Estimated affinity
: pM nM M mM
1 Add molecules to Analyzer 5 —_— .
L) &) Add molecules to Molecule Editor ¢! —
0O = —

© Add molecules to Docking mode

Now let's add a methyl group to the 5-
membered ring. Again storing thisin |
the table, we see a further increased
affinity estimate.

If you are running out of ideas: try the

Inspirator mode. To get your molecule

there select it with the checkbox at

the front of every row and add it to

the Inspirator mode. It will help you to —-— AIDE
replace parts of the molecule, further T
grow the molecule or merge oD QD (D €D 5D €2 Gz G G
molecules.

]

53U_H_2001_3 1]
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2 Adding own molecules
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If you want to add your own molecules to a SeeSAR-session: use e.g. your favorite drawing
tool and save the molecules as sdf-, smiles-, or mol2-file. Switch to the docking mode in

SeeSAR and add your molecules via the load button or copy/paste them to the input library

Unnamed* - 5eeSAR

Loaded molecules may not yet
be placed in the binding site
(the information icon tells you
upon mouse-over).

If your molecules were docked
using another program you
can load them straight into

the Analyzer mode.

BioSolvelT © 2020 20



3-Amine-derivative:

Alternatwely, Copy/paste your 1) N[C@H](CC1=CC=CC=C1)C(=0)N1CCC[C@H]T1C(=0O)NCC1=CC=CC(N)=C1

molecules (as smiles or sdf)
here. If you like and example, 3-Hydroxy-derivative:

copy the three molecules on 2) N[C@H](CC1=CC=CC=C1)C(=0)N1CCC[C@H]1C(=0)NCC1=CC=CC(0)=C1
the right in there, and change

, 3-Methyl-derivative:
their names:

3) CC1=CC(CNC(=0)[C@@H]2CCCN2C(=0)[C@H](N)CC2=CC=CC=C2)=CC=C1

O] = & ® = 410
Data ‘ Generate poses . Data

i Switch to grid 25 Switch to grid

_____________________________________________________

Docking library (4 molecules)

& # Name Src Estimated affinity LLE Tor. Intra Inter @
pM nM uM mh clash clash
o) 1%y B | = |53U_H_2001 H
@] sy B8 0 3-Amine-derivative [}
é (@] 6wy B @ 3-Hydroxy-derivative [}
@ O 7w B 0o 3-Methyl-derivative (]

Now you can start the docking by pressing

the Generate Poses button!

.....................................................
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ﬂ Jnnamed? - SeeSAR
= 410

@ O ©® B 8 8 @

i switchtogrid

Docking library (3 molecules) / k

2 # - Name Sre Estimated affinity

0O I1%E0 Nw Sl YOUr Molecules are in the Docking Library
oo e . now. To can start the docking press the
Generate Poses button!
Generated poses \_-\!/ I .
0 p E ’ @ \:.‘}': e L )
[#)
Sequence View
£ 2 L M o B £  Showwhole protein h @ £ (O Nameleg. gl
all 70 27FF Chain-H

2ZFF
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Unnamed* - SeeSAR
® = & O
pets At most 10 poses per molecule are

Bls @ = @ © i swichtognd :
2. generate th|_s way, as we have left the
oty TR docking settings on default. To get the
i DSt ChsheS L New = estimated affinities, (1.) select all
& ADME properties I NEWZ o . . ’
RS LCRL El  COocking solutions with the checkmark
s in the first column and (2.) press the
L R R Ml thumbs-up button under the calculator
8 a0 w0 at the top of the table!
2w 32 NEW3_1_003 3
/] [ER + 5 NEW3_1_004 (o))
141 B NEW3_1_005 o) \
g 520 esuw 9 Note: You may restrict the HYDE-
16 NEW3_1_007 o)} .
9 vkO im0 calculation to a pre-selected set of
131y & NEW3_1_009 9
el e checked molecules.
0¥y B NEW1_1_001 3
/] nyy B NEW1_1_002 (o))
22 Y NEW1_1_003 1)
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Now the estimated affinities appear as
a range on the logarithmic (!) scale.

Generated poses 2. ClICkIﬂg ona COlumﬂ header sorts
S L R e T e e according to this value.
7Y B 3-Amine-d..ive 1 010 O — T @ O o
YR A | 3-Amine-d..ive_1_005 O} — T @ ©® o
w B -Methyl-d...tive_1_ o)} 2 ® o o . o .
B — To inspect multiple poses in
SR pe——— - AL comparison, (1.) toggle the permanent
S '?J"""‘“"” =5 e o o visibility by marking a molecule as
3B E £y Calculate estimated affinity — 5 o e e . . o
g L - reference. Now .|t.vv|ll appear in purple
27 v B —_ ® o o
2. - LR color and stay visible as you select
2% B & Calculate Optibrium properties L %J o ® ® Other mOleCUleS
17y B —8 o o o
367y & AddtoBindingSitemade - %r" ® © @
5y B -85 o @ @ . .
By @ O A »® o o o You can add more physico-chemical
~ P g to Molecule Editor .
B0 o }5 e o o and ADME-properties as well as

2D

pharmacological parameters to your
table with a click on the table button

(2.).
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By now you have a lot of interesting values and possibly many molecules.
You may want to:

- apply some (pharmacophore) filters? Copy the = &4 © @ & @ %
molecules of interest to the Analyzer mode [ New 1O Focus vew
and use the filter panel on the right side of , |
the table. 4§ Clear Docking | () screenshot... A

[P Load Project... crro > Image mode :

»  grow your molecule? Add it to the Inspirator | ,: depty .

and use the growing functionality. |
[3) save Project s -

« generate pictgres for a report or publicatiqn? e wos02px ) &
You can do this under the ‘utilities’ button in | Badkground color
the upper right toolbar. © Apoutseesas f

* save your session, to continue working a
different time, by clicking Save Project As...
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G Unnamed - SeeSAR

@ & e Q|® &

..................................................

R
2 o
B x

L ast but not least:

| at any time find help within SeeSAR here!

Sequence View

= 2 L MO H [J Show binding site only 5 @ g P
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Now we wish you happy SeeSAR-ing!

BioSolvelT © 2020 27



