Guiding Protein Docking
Simulations with Chemical
Cross-link Data

xldock = Eross=HnksERosettabock = X Walk

Abdullah Kahraman, Malmstroem Lab, ETH Zurich RosettaCON 20m1, 6" August 2011




.44/Jffw‘{
I 11T ITIYTYTIYIYY
LYIY) )

"N Y

A e A A

e

e A ~..u..q.J.J.J_J\.4J_4.J¢44 Y9N NN NN SNSNSNSYNYNS S ,

3 JI.JJJJJJJ.J.J./.J..‘...,J. .............

444 A2 RRRRRR R EREN
YN YY Y SYYSSYY S Y Y S Y Y Y Y Yy v

Af g ( L) ERELLILLLLLLL LI LI Y
R AN

Y YT Y YYTYTYY Y Y Y Y Yy y oy
J.444444444444;,/...,
JJJ44J4144............

J JJ.JJJJJ4444.... .......

PR SRRRRRRRRRRRRRRRRRRRR
ff 2R RRRRRRRRRR

UJJ TN YT YT Y Y Y Y Y Y YN Y Y Y Y Y

) 'Y YT YTYIYYYY Y ,

), JJJJJJJJJJJJJJJJJJ 41 A i o
PRRRRRRRRRRRR RN SR
.uJ.J;JJJJ.44.4....A., '
T YT Y Y Y YT Y Y YT YT YTy Yy

T Y Y Y Y Y Y Y Y Y Yy Yy vy
ﬂf fd 22NN AR RRE
) ] 2222020000 2R RRRRE
JJJJ JJJJJ,J.,,.,..<.... .
YT YT Y Y Y Y Y Y Yy Yy Yy ,

TYY Y Y Y Y Y Y Y YYYYY Yy 0y
Y Y Y Y Y Y Y Y Y Y YYYYY Y

uﬂ%44444...... ...... Yy

TYYY Y Y Y Y Y Y Y Y Y Yy

......

d. JJJJ«;;.... ......

: TYYYHYYS Yy
1 : (2R ARRARRRRRRE
| f//J44444.4,, SRR ER \
222222 LA L AN 20 RRRERRRRRE
BRI RRINIRRIRRRRANIZRRRRRRS WA RARARAARAAAN NN N Y Y Y S 3

PR 2220 RRRRRRRRRE
MJ.JJJAJ(;.......
JdeJJaa.....

sttt l 2 2 A A =222 2 2 2 2 L 22 TYI YT Y Y Y Yy Yy

R 2R R R AR R R R RERD
J,jJJJJJJ444,,;..
) » YYY Y YN Y Y Y

JJ.JJJJ:c.-..
LR RRRRRRARRE
s nasat bl

VYT LT T Y Y YY)
= *e: ARXEXXXAY ANy
S B0 eesenrionesssres . WASAARERENNNNYS

LAAA LR LR R R R A2 2 2 2 2 2 2 2 2
LA A AR R AR AR D)

SO0 P00 00 0000000000000 %009
LAA AR A R R R R AR A A A A AR A A A R A A R 2 2 ] )
LA A AR LR R R R R A AR R R A AR AR R Al ) )

' Y .v,1444444,f/.4u
_..,.4.4,..¢‘41414JJJ444J.~¢JJ
RERRERRRRRRRR RS
Y I T I I I YT YT YYYYYY

. ,. .. .. ......44....44.44.JI.JJJJJJ JJJ
,,.,,4444444444

...... YYYYYYYYYSY
RARRERRRRRR AN . N
....... FYIIHYYYYYS
T T T T T T YIYTYYYY Y Y
T Y Y YYNSNS 1YY NYYYS
...... NN .-4JJJ )
......... Y NN N ) ) SOOI IIOIOIIOIIIEEIEIEIEIEEIEEIEEEESES
\ Y YT YIYYYY Y : 9 BP0 0000000000000000850 00090909

......

.........

........

......

,......X,/‘ztal;IJJJJJJ.JJ
A o U 9=

..... YT YTIYT I I IYYIYYYYY Y YY
...........J,.JJJJJJJJJJfJ
ARRRARAR AR AR AR RRRRRAR RS

' .......,.,‘.,4..4¢44J444.JJ.JJJ

» RR .,,“,,u.u.,xu.u,u/uauhg“«uquuuquufﬁuﬂ.f JJJ . JJJJJ.JJ > YYYY Y Y Y Y Y YY N Y YN
! .........4444,4¢4J444J444J4J JJJJJJJ JJ JJ JJJ.JJ444414444..
....,...,..—....444444J4J,JJJ.JJJJJ,rJ JJ JJ JJJJJJJJJJJJJJA.JI.

............ v v Y SN YN NSNS SN Y N NN NN Y YN YN Y Y999 Y Y INNSNSNSNSASSNSASSNSNSSSSSNS

I LT




Introduction

» Protein-protein docking troublesome due to large conformational space
and imperfect scoring functions

x experimental constraints can be key in producing close native models
x NMR, FRET, ...

» Chemicalcross-linking:catpled:tonrassspectrometry (XL-MS) is another
means to obtain distance information.
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Introduction

Protein-protein docking troublesome due to large conformational space
and imperfect scoring functions

experimental constraints can be key in producing close native models
x NMR, FRET, ...

Chemical cross:linking cotpled-tormassspectrometry (XL-MS) is another
means to obtain distance information.

Often a flexible linear cross-linker molecule with reactive ester sites on
both ends is used to cross-link lysine pairs

DSS

\
SQr QR

As the cross-linker has a certain length, finding two lysine residues to be
cross-linked yields an upper bound on their distance in Cartesian space.



General MS based cross-linking workflow

Cross-linking Tryptic digest /xf /N A~

> >

<

cross-link loop-link mono-link

with isotopically

labeled cross-
linker % + non modified peptides
T

Data processing
Generation Error Model

/ LC-MS/MS

Using the constraints: i . E analysis
Interaction, Modelling : ISOTOPIC 5Can palrs =1
xQuest

Rinner, O. et al. Identification of cross-linked peptides from large sequence databases. Nat Methods 5, 315-318 (2008).
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Xwalk - Algorithm VI
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Xwalk - Algorithm VIII
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Xwalk - Algorithm IX
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Xwalk - Algorithm X
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Xwalk - Algorithm XI
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www.xwalk.org

,, . Xwalk

Prediction, Validation and
Visualisation of Chemical Cross-Link Data

Home Download Contact

Example: ALDOA_RABIT
1. Choose your Running Mode: ?

Na2ws
@ Validation Mode () Production Mode Non-polypeptide

molecules are
Validate measured chemical cross-links Predict potential chemical cross-links removed from PDB
on a protein 3D structure. using a protein 3D structure. files, which could

cause Xwalk to crash.
(25/06/11)

e A limitation on the
. . @ maximum number
2. Choose your Input File or ID: (=150) of SASD
calculations for a
single protein
structure has been
placed. This step was
necessary to save
computer resources on
our server as some
proteins can have
more than 2000
potential vXL. Users
still  interested in
1st residue in cross-links: [ Lys %) 2nd residue in cross-links: | Lys & calculating SASD for
very large

proteins/complexes

are advised to
N‘“;:’:d:’:“‘ N‘“;':d‘:;"‘d download the Xwalk
executable.

1. Kahraman, A., Malmstrom, L. & Aebersold, R. Xwalk: Computing and Visualizing Distances in Cross-linking Experiments. Bioinformatics 27, 2163-2164 (2011)

Upload PDB file (max. 1MB): Give protein identifier:

" Choose File ) no file selected

3. Set your Cross-Link Parameter: ?




XLdock

Protein A Distance information I Protein B
.‘v‘..‘"\. - . k3 ¥

Complex: barnase/barstar complex (1brs-AD)

XLdock 'LLJJB pC 0
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XLdock - Automated Docking Pipeline

» Test Run (Check for errors in submitted structures)
» Relax each protein component of the complex

» Execution time estimation for global sampling

N
Tesiis Z £ N =10 decoys
p=1
s - T =8h = 28,000s
djob(T7 tz) =32 T/tz X Ct e =075

oo\ M dion) = M/ d;op M = 100,000 decoys




XLdock - Automated Docking Pipeline

» Test Run (Check for errors in submitted structures)
» Relax each protein component of the complex

» Execution time estimation for global sampling

» RosettaDock’ global sampling - 100,000 decoys in centroid mode

1. Gray, J. et al. Protein-protein docking with simultaneous optimization of rigid-body displacement and side-chain conformations.J Mol Biol 331, 281-299 (2003).




XLdock - Automated Docking Pipeline

» Test Run (Check for errors in submitted structures)
» Relax each protein component of the complex

» Execution time estimation for global sampling

» RosettaDock’ global sampling - 100,000 decoys in centroid mode

= native complex

© -decoy

1. Gray, J. et al. Protein-protein docking with simultaneous optimization of rigid-body displacement and side-chain conformations.J Mol Biol 331, 281-299 (2003).




XLdock - Automated Docking Pipeline

» Test Run (Check for errors in submitted structures)

» Relax each protein component of the complex

» Execution time estimation for global sampling

» RosettaDock’ global sampling - 100,000 decoys in centroid mode
» Filtering decoys by SASD with Xwalk

» Extract top 500 decoys with lowest Rosetta score

1. Gray, J. et al. Protein-protein docking with simultaneous optimization of rigid-body displacement and side-chain conformations.J Mol Biol 331, 281—299 (2003).
Janin, J,, Bahadur, R.P. & Chakrabarti, P Protein-protein interaction and quaternary structure. Q Rev Biophys 41,133-180 (2008).




XLdock - Automated Docking Pipeline

» Test Run (Check for errors in submitted structures)

» Relax each protein component of the complex

» Execution time estimation for global sampling

» RosettaDock’ global sampling - 100,000 decoys in centroid mode
» Filtering decoys by SASD with Xwalk

» Extract top 500 decoys with lowest Rosetta score

= Filter by BSA > 900 A% (Janin et al)

1. Gray, J. et al. Protein-protein docking with simultaneous optimization of rigid-body displacement and side-chain conformations.J Mol Biol 331, 281—299 (2003).
Janin, J,, Bahadur, R.P. & Chakrabarti, P Protein-protein interaction and quaternary structure. Q Rev Biophys 41,133-180 (2008).




XLdock - Automated Docking Pipeline

» Quality threshold clustering and choosing largest three clusters

cluster1

’ f"/i‘
A\ d}‘j

\\

\\‘

cluster 3

cluster 2



XLdock - Automated Docking Pipeline

» Quality threshold clustering and choosing largest three clusters

» Execution time estimation for local sampling

N
i Z £ N=5 decoys
j=1
s 2 T'=38h =28,000s
djob(Ty ti) — T/?fz * Ct =075

5o M s diop) =M/ djon M =5,000 decoys




XLdock - Automated Docking Pipeline

» Quality threshold clustering and choosing largest three clusters
» Execution time estimation for local sampling

» Rosetta local sampling - 3 x 5000 decoys in full-atom mode




XLdock - Automated Docking Pipeline

» Quality threshold clustering and choosing largest three clusters
» Execution time estimation for local sampling

» Rosetta local sampling - 3 x 5000 decoys in full-atom mode

= native complex

@ -decoy




XLdock - Automated Docking Pipeline

Quality threshold clustering and choosing largest three clusters
Execution time estimation for local sampling
Rosetta local sampling - 3 x 5000 decoys in full-atom mode

Filtering decoys by SASD with Xwalk



XLdock - Automated Docking Pipeline

Quality threshold clustering and choosing largest three clusters

Execution time estimation for local sampling

Rosetta local sampling - 3 x 5000 decoys in full-atom mode

Filtering decoys by SASD with Xwalk

= native complex

© -decoy



XLdock - Automated Docking Pipeline

» Quality threshold clustering and choosing largest three clusters
» Execution time estimation for local sampling

» Rosetta local sampling - 3 x 5000 decoys in full-atom mode

x Filtering decoys by SASD with Xwalk

» Extract top 500 decoys with lowest Rosetta score and filter by
BSA > goo A?




XLdock - Automated Docking Pipeline

» Quality threshold clustering and choosing largest three clusters
» Execution time estimation for local sampling

» Rosetta local sampling - 3 x 5000 decoys in full-atom mode

x Filtering decoys by SASD with Xwalk

» Extract top 500 decoys with lowest Rosetta score and filter by
BSA > goo A?

L

g F 4 S
.

5

- i N
»

= Hierarchal clustering with cluster radius 3 A s \,
.3

RMSD = 0.58 A




_.4.4.4,4.4.4.4,4.......... ........
T Y Y YT Y Y Y Y Y Y Y YT Y Y Y Y Yy vy vy \
j/JJﬂJ4444444444411.,,,,..
T YT YT YT YT T Y YT T T T T T YT Y Y YYYY Yy
JJJJ‘.JJJJ,JJ;JJJ44, RARRARRRRARER]
fﬂjJJJ‘,,.,4.‘,,‘,,,,.,.. v
pe e a st hhl
! AR R R R AR AR AR AR R R R
3 YN N N NYYY Y Y Y Y Y Yy Yy vy " )
JJJJJJ44444,44444,..,.‘,.
| 2 20220 ERRERERERRE
JJ.JJJJJJJ4/4‘ ........

JJ.J:/..,,.....
NN Y YT Y Y Y Y Y Y YY Y Y Y Yy

JJJJJ.J:.;:.. ........

JJ4444....._.. ....... .A
j

1 ~JJ~

TY Y Y Y Y Y YT Y Y Y Y Y Y Yy vy
222 RRRRRRREREREE
T YT Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Yy

AR RRARARRRARRRRN
J.JJJ/:...-.... .....
MY Y Y Y YY Y Y Y Y Yy Yy
JJJJ‘.JI-I'. ........
LA AL L L L LR LA LA LA R AL D) PR 222N RRRR AR R R R R R R R

AR R R RN (IR XS ‘ oorerahhaiiiRARARRAN
JJ T Y Y YT Y Y Y Y Y Y Yy Yy

........

.........

.........

I ARRRRRRRRARE
LA AR R R D L AAA AR R 2 D AR AR R R D) ‘A AR R E R D I NY
A A2 222222222222 ] AL A E 22 2D

YOO
) | JJJ/.JJ...
TYYYIYYYYIY Y
PO IIIIIIIIIEIIEIEIEYEEYEY

AL A A AR AR AR ARl ARl Rl ] ) LAAAAL L L 2 22
st ts it A 2 2 222 A2 22 22 R R R A A R R R ) 2

PPN EIRIRIRIIIEIRIERIERIEEIEEYEYEYYM
SOOI IIIIIIIIIIIIIIIRIIIRIIIIIIINIEYEYM

.JJJJJﬂf -

4,44J4J..

Y YYYIYIYYY ) ) 3

4,44444444

1YY Y YYYYS OO ooy

1YY ITIYIY) . . A2 222222 AR AR R AR R R AR AR R 2 A2l 2 222 22222222222 )

.’.

2
[+

s
-

-
-

Zelelet

-
"

-
v

ooy

L ]
s

.
e

-
e

.
a

-
-

,,4‘4414444.J44J.4Af
3

L

YT I T ITYITYIYIYYY Y YTY ' » LA AL LR L L L L LR} A AL AR R R R AR R R R R R R R R} LA AL R R L L2}
........ ....44441444JJ.JJJJ . A AR AR AR R R AR R R R R R R R R LA R LA R R R R R D)
,,,,,,,44.44.4.4 J :
....... a.;qtaJJJJJJ f
..... 1T IYTYIYYYY
........ Y YYYNYSN S JJJJMJJJJJJ
Y T YT YT YYYYY Y™
....... T YYYNY N 44<4J4JJJJJJJ ) m
........ YN YYYN
.......... Y Y YT Y YYYYY™ . 3 o
YT YT I Y Y Y Y Y Y YYY Y . ‘A AL EEEE L L] -—a
....... .-.¢14—444JJ
....... .4.4.4JJ4444 u
........ Y Y Y Y Y YYYYYYSS ©
1YY 1YY Y=Y YY Y)Y 0
.............. r
...... X 1=
c

........ .....44./ JJJJ .
.....4..,.|...,../.; A4J14~4.
Y Y . ,D,,. |- 1YY Y o2
TN LEYYYY ..
vy v 'Usy vy Yy PONEBEED JJJJJJ ) )
,,,,,._Ku44444 Jﬂ f L)
T Y YN Y YN YYTITIYYY Y YYYY h |
. y Y Y Y Y YYYYYS ) )
¥ Y YN O ..... " Y Y Y Y Y 44; 1JJHJJJJJJJJJ“J“JJJ )
. BEERERERBEERERERERR TYY
C. . ..,..........444.‘44444.4J4444“J“J“JJ JJJ :
......... Y Y Y Y Y Y YYYYYYYYYS

3

YT Y L T T Y Y Y Y Y Y YYYYYYY ) ‘ . b
........ ...‘.-anJJJJJﬂJJJ/JJj ) . )

) RRRERERREREREERE ARRARRARRRAR DR AR _ RN
y YA NNy YT T T Y Y YYYYYS 311
: T YT Y Y Y T Y T Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y S JJJ YY)
........... Y Y I Y T T YT YT Y YYYH AR L) ALY
........... Y Y T I I T YT I YYYEYYYYY Y b TYIYII Y

.............. v Y Y N NN NNNSN NN NN NN Y Y99 NN NNNN



..... Ry g i e A A A A A L Aq & KA A J~ TR
..14441414 JJJJJ.JJ J.JJ A 4 A u ) uJJ 1) 4/4/4...44444144. A ... .................
XX O Y Y
YYYYS ‘Jdgmf . uf . . Afgmhf Y 44,1411112.......,.
JOVOOO000 JIDUOOOOOOL XL XL L XL YY1
JJJJJ » PR RRR222222 2202 EERR
Y YY PSSR RRRRRRRRRN

T Y R RN YIYYYY DY
PSSR RL2RRRR 2R R R R RR R R R

44.1.4444,44a ..... -
=) Y Y YSSNRYIY Y Y Y Y Yy

uJJJ_JJ..,...JJJJJ ......
fdf,fngql;:.,,.,f
JJ.JJJ441,..,....

3

N

......

JJ.JJJJ/.4,44.4,11..,
YYYYYYYN Y Y Y Y Y
YY) RRIIELLLEL L L LT LY .
JJJ,JJJJ4141,;,J4...
d T332 2 27737739V . e
qaq4444. 4..d

TYYYYSYYY Y Y 2
Y Y YYYYYY Y .
JJH./JJﬂJ/ll.,,.,.a.
JQQJJJJJJJ.n_., ......
222 2222222 R R R R R R R R R R R ) : JJJJJJ.,/,........S....,...

ntegrated computational

AL AR R AR A R A A R R 2 R 2 R ]
PPN RIRIIRIRIRIRIRIIIIYMYS
i il l A A A A A A Al A A Al A0

4

\

4

>

2282 (20086).

)

4

pe-co
- 7 <
-
—2
- 7
)

el

”

-

/

to

Y,
y

2270

-

Fin
5,

-
—t
es.

J_JJ_J.JJJ‘J_JJ

gl
e

Oon
ro )

\_/

O

» 13
LEYYY)
' YYYYYY
ok e ® -

2 e
29 . Qo

— y .
s
- -
e
~ >
e
e
./'J 7
¥
"
-
d
= -~ fe

Y YNNYYYYYS
...... L ] . ] N 4 4/. 4JJI.JJ4J.“J.“J Mlﬂ
...... ,4444;4.44J Onﬂ,.: ”
...... L0000
...... .,‘40JJJJJ4J.MJ ‘“«‘.
AR e e
...... .....,‘JJJJ.JJJ . N A L R R R R R N T N ) .“¥0.
Y Y Y Y Y Y Y YYYYYYYYYYS . SESL SO0 IIOIIIIRIRINIRIIRIIRES rTeRe
Y Y Y Y Y Y Y Y YYYYYY JJ - 2000000080080 00000 00008080000 ) J
..... T YT YIYYYIYNYYS )
' 'y Y YT Y Y YYYYYHYS >
....... ,,‘xoszJJJJJJJ!".

AARARRR RSN OO0
....... .,4.‘,./JJ.V

Introduction

P(b SRR Eh
RARRERRRRRRRRR AR RS Jf
RARRARRRRR AR RARRRRR RN

....... I I B O y Y : !
n Oy ...;..l.,a,,‘_,aara:%%fj ..... R
......... AR ERRRRE LR R R LR RN AR R RRRRRRRRRRRRRRRRRRRRRRRRRRR
T T T I T T T T YT T T YT YT YT Y Y YT T T Y T Y Y Y Y YYYYYYYY YN JJJJJJJJJJJJJJJJJJJJJI,J.,
T Y Y Y YN NSNN I I T I I T I T T T T YT YTYYYYYYY JJJJ JJJJJ TIT 2 27779 Y Y
...... T T I T T T T T T T T T T T T T T T T T T T YT YT T YT T YT YT Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

............ v 9 Y Y Y NN SN NN YNNIV N Y YYYYVIIHISYYYNS YN YN YNYSRISSNSSSNSNSNSNSSNASS



...... «n
00000000
RARARRRNLS.

e A AL A

fg

N :

5" JJ..J.J.JJ.J.JI~44.4 NN NN Y Y Y Y Y Y YYYY Y
P AR RRRRRRRRRRRRRRRRRR AR
fﬂ44444444444,,,,,,,,‘,_,
PSSR RRRRRRRRRRRRRRRE v 'y
JAJ JJJ IRARRRARRRBRRRRRRRRRRRA
J YT Y Y YT T Y Y Y Y Y Y Y Y YYYYYY Yy Yy

RN RR SR
TIIYYY Y
OO
VY YYYYYS

..... y

LU YT Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
: PR SLLRRRRRARARERRRE \ .
» JJ IR RRRRRRRARRRR R R AR RS ©
. . Y YT Y Y Y Y Y Y Y Y Y Y Y v 'y C
fq YRR E YL YIY YY) o
; PR RRRRRRRRRRRRRRRRRE o
. (AR ARRRRRRRRRRE , o
YSARARARARAANANSSN SN Y Y Y Yy Yy S
AR RRRRRRRRERRERRR 5
441.4444454 .....
Y Y Y Y Y Y Y Y Y Y Y Y Yy Yy vy (@}
PR RRRRARRRARN mm
2R RRRRRRRRRE
Y Y Y YN YT Y Y Y Y Y ®)
22202 aRRRRRRRARAN O
T I I Y Y Y Y YN Yy Yy d
Jld.u .....
; TIYTYY YN NY Yy Y NN YNy hmw
J.Jl.c. ........ a
TEXEYXIYILIYYY —
%. YOI ®))
SRR ARRARRRRRRERRE D
JMJJJJJ/JA‘.I ....... 4
T Y YN YT Y Y Y YN NYY YN Y y
.JJ.Jd.Jd.,.;.a. ..... . .m
- » 'Y YT YYNYYNY S
AN ALL L LT L LYY LY . me
Y 2R RRARRARRRE
..A“ﬂv.v JLJJ SRR R RRRRRE S
YA sanvaiahhbhhhhihRRE .
BRI RRRRRRRRRRRRRS YWARNAARARAARASANAN NN S Y A

.....

e
.
-

.....

e

YYYIYYY IO
' P EA PR R R R R R R R R R R R R RN ) TIITYYY Yy

‘222222 R R R R R R R R R R R R R R D) ]
22222 R R R R R R R R R D

e
..

e
.

pL

.....

PZZ300000000 00
AAAAILAAAAALL L L L L A2
AT e A A A

o
\
e Q) Jd
,Jﬂﬁtﬁ —
\ 414/ ) JJ
»

-
J
" |

<+
fE
—
ek
e
ote

,JTIIJJ
tEYYXYY)

VY YYYSYYYYY »
y Yy Y NN NN 4,J44quqJ

AR

v
4
y
Ol
4"
o o
i
4 -
4 s
= —
4l
< J.J
s?s”
o 4«-4
JJJ.J
J<‘4
J.J
o
%;&M :
: 'W

el

4
-
>
4
>
e
<
~
-
+
~

Jats

—

-
o
o
-
R
~d
d
'
1.

Ny
)
>

¢
.
4
.pdf Q
Seesy
I24IL NN

AL L L LA L LA LR A AR A A A AR AR Rl Al ]

, ‘ *
....... vy NSNS er - ) BESLSIPP0PPIIIBIEIIIIIIEEIEESES -r~mhﬂ-
Y Y YYYY Y Y = S0 00000000000000000855 00090 o)
4444444 '
...... \ TYYYIYYYYS ) 0
OO0 ®
....... Y Y Y YYYYYSS
...... | YT TYIYYYYY Y
Y 11 444 .  » X S
...... 'Y NS
...... . JJJI.JJ.JI.J. ow
Y Y YYYS Y B ‘ T
........ .4.44444.444 JJJJ =
REARRE RS S OO L) S
........ Y Y YYYSYNYSNS ©
\ IR - I I YITT Y 0
S
)
c

. .,/llz.v Tt )
..QL,,j,/EM,JJJJ

.........

B |

Y Y YNYNNN 4JJJJJ.J,JJ .vv
Y T I T TN TTTTYTTYTYITYTITYTIOYINOYTOTYTITYTYNTY

Y Y Y Y Y Y YYYYYYYYYSS YYYY JJJJJJ
....... N8 A A A A Y % OOOO00000E000
, 'Y Y Y YN Y ) :
AAAAALA L ] IR R R R R R RN RN RN RN R R R R R R R R R R LR R R R R R RRR R AR RS

.,.....,,..,/4a4a;aa4.4J444JJJJJJJJJJJJJJJJJJJJ LTI I I Y Y YT Yy NNy

.....



TYYYYHH
JJ442~QLJ

,/fff

2 - A f--s-
JJ : ) . ) TYT YT YT YT YT Y YT Y Y Y Y Y YYYYYY Y
4 ’ ) Y Y Y I T Y Y Y Y Y Y Yy Yy Yy v

..........

T Y YT YT YT Y Y Y Y Y Y Y Yy vy y
JJJ:f JJ JJJJJJJJJJ.J A RARANSSSY Y Y Y Y Y Y Y S Y )
A T Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Yy Yy Yy Yy
\ JJJ/.ZJ:,;,.... ..........

T YT T YT YT YT YT YN YN YN Y Y Y Y YYYNYY S

qf JJJJJJ:.JJ.J.“.wa.JJ,.. .......... .
/“/4::::,,,,1,,..

. p 2222522200022 R R R EERE

2R RRRRRRRRRRRRRARRRE 1

3

Y Y Y Y YYYYSY Y Y Y Y Yy vy
P22 RRRRRRRRRRRRRRRERRE

T Y Y YN Y Y Y Y Y Y Y Yy y
J.JJJ,cdc‘........ .....

JJJ“J.JJJJJ..,.. ........ )
222220 RRRRER
» JJ r 0B R R R R R R R R

. ) TYYYY Y YT Y Y Y Yy v
JJJJH..‘.J.JJ_JJJ v NSNS NS
JJJJJJJ444,4,.“,,,,,.,

JJJJJJ.JJ.4. .........
LA AL L L L LR AR LR R L) J ........
SO OO PP OPIP PO I ORI

T YT I T Y Y Y Y Y Y WYY

Y TN YT Y Y Y Y Y Y Y Y Y Y Y
paanns iR hRRARRRR

YT Y YT YY YT Y Y Yy Yy vy

JJJ.J4,4444;/4,‘,,,,,

TI XTI YT Y Y Yy vy
PR RRRRRRARARRARRRN
TN YT Y YT YT Y Y Y Y Y Y Y Yy Yy

SEBBEPNEN» LA AAAL A LAAAALA LR L L2 2J A
LA A2 A 222 A 2 2 222 2 2 2 e e A A

AAAAA

YL LY LY
YTYYHYSHYYSY Y Yy

".Q‘.

<«
) N |
y i
.

SR eee

LA AR AR AR R AR AR R R AR R 2l 2l ] ) LAAAAL L L 2 22
st ts it A 2 2 222 A2 22 22 R R R A A R R R ) 2

LAA LA LA AR A A AR Al AR R R R R AR R R Rl A Rl ) )
il il i 2 2 22 2 A A A2 2 A A A A R A A A A A A A R A A A R 2 2 2 A 2 2 2 2
AR AR R R R R R R R R R R R R R R 2 R Rl 2

LAAA A A AR R AR AR AR R A R 2 Al 22l ] )
e

‘ .‘.z YYYYYY
» Y& Y clllJJJJ
) LLYLYYYYLY)

>
4
-
~
>
-
-
~
-
"
..

Y Y Y Y YYSNYYNYS 3 . e
YT YT YT Y I YIYNYY Y ..
1Y YTIITIIYIYIIYOY Y)Y ) AAAAAA AL L LR LA AA R L L L L LAAALA L L L L LR AAAAAL L L L .J
...... YT IYYY Y A AAAALL L LR LA L LA AL L L L L L LAAALALL LR L)

....... Y Y Y YYYHYYYTYS™ .8

YT Y I T Y YT YYYYY :
....... AR 3
YT T YT Y Y Y YYYYHYYY N/ A
LA .4. .4.4.1..,444444144 ..‘..
......... 1YY =y Y Y'Y ) » <
v Y Y Y YRR YYYYS » (@]
.......... v v vy TYYYS | ’J e
,,,,,,,,,,ﬁUL444 sessssenee sy T
......... N YY) ..J
........ LT OO Vi =
......... ' 'y v NSNS » ©
T Y Y\ b | b
.......... RRRAR 1 enh O
.......a.a..t. TYYYYY ks
...... v Y Y YOS YN NS c

— . —
’G. E
-

- —
—

— ~
-

— JJ
.JJ.J

-
e
.ﬁ'j'.;s

b.........o,..444/4444 JJJ

_ U y vy J4J444,¢.444d444JJJJ .
Y Y Y Y YR RNNNYN )

O ......  u TN NYNYYYYYYYS 1) JJ
........ 1T YT IR

VT Y Y Y Y Yy Yy Y Y S SSSNSNNSNSSNYS

........ T Y T YT Y YTYIYYYYYYY
,,,,, Y Y T Y Y Y Y Y Y Y Y Y Y Y JJ
T T Y YT YT Y YT Y Y Y Y Y YYYYYYSSSYY

N

| RRRRRRRRRRRRRERE RRRRRAR AR AR RN N OO
YN YN Y NN Yy Y Y Y Y Y Y Y YYYYYYYYSS 311
Y Y Y Y T Y T Y T T T Y Y Y Y Y Y Y Y Y Y YYY YN b 8
........... T YT T T T T I ITYTYTYTYTYYOYY TY™TY
......... .....4444444‘4JJJJJJ



Colicin DNAse - Inhibitor

» Global sampling stage:

x 100,000 decoys in total

» 32,539 pass Euclidean distance filter

Rosetta Score
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Colicin DNAse - Inhibitor

» Global sampling stage:

x 100,000 decoys in total

» 32,539 pass Euclidean distance filter
x 8865 pass Xwalk filter

x top 500 decoys

Rosetta Score
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Colicin DNAse - Inhibitor

» Global sampling stage:

x 100,000 decoys in total

» 32,539 pass Euclidean distance filter
x 8865 pass Xwalk filter

x top 500 decoys

-20
I

» Op 3clustersizes:20,13,11
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Colicin DNAse - Inhibitor

Local sampling stage:

x 3 X 5,000 decoys in total

x 14,995 pass Euclidean distance filter
x 13,230 pass Xwalk filter

x top 500 decoys

x top 3 cluster sizes:24,20,16

Rosetta Score

—180 =160 =140 =120 =100

—200
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