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Model-Building with Coot

Overview of Presentation:
 New algorithms and features
* Tips on Usage
* Focus on:

e Tools for Ligand-handling

* Tools for Low Resolution X-ray data

* Tools for EM

e Future Directions




Feature Integration

Refinement

External Internal Validation

e.qg. REFMAC
Internal

External

e.g. MolProbity

Validation, Model Building and Refinement
should be used together



Real Space Refinement

Diamond, R. (1971). Acta Cryst. A
: 27, 436-452.
= Major Feature of Coot

= Gradient-based minimiser (BFGS
derivative)

= Geometry library is the standard CIF-
based Refmac dictionary

= Minimise deviations in bond length, angles,
torsions, planes, chiral volume, non-bonded
contacts

= Including links and modifications
= Provides “interactive” refinement

= Subject to substantial extension since the
<tart



Representation of Results:

Fle Edit View Terminal Help

i created 32 bond restraints
created 38 angle restraints
icreated 1 plane restraints

:cr'eated 5 chiral vol restraints
‘created V6 restraints

INFO:: [spec: "A" 45 ""] [spec:

INFD:: [spec: "A"™ 45 "“] [spec:
Link restraints:

2 bond links

6 angle links

4 plane links
|Flanking residue restraints:

4 bond links

12 angle links

8 plane links

iinitial distortion score: -16833.2
Initial Chi Squareds

bonds 1.15781
langles: B.847832
ltorsions:  N/A
‘planes: 1.6176

non-bonded: B

:chir—cﬂ. vol: 8.785728
rama plot: N/A

Final Estimated BMS Z Scores:

‘bonds : 1.19412
‘angles; 6.713337
ltorsions:  N/A
planes: 1.85134
non-bonded: B

chiral vol: 8.522415
|rama plot: N/A
SUCCESS

0

"A" 46 ""] link type :TRANS:

"A" 44 ""] 1ink type :TRANS:

INFO: : made 668 non-bonded restraints

Minimum found {iteration number &7) at -16275.9

TIME:: (dragged refinement): 332.657

The first attempt

Student Reaction:

“Oh, | don't look at that
window...”

(I maximise the window
immediately)
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Representation of Results:

" Accept Refinement? B4
Second attempt...

Accept Refinement?

Bonds: 1.114
Angles: 0.492
Planes: 1.902
Chirals: 0.227

Student Reaction:

Mon-bonded: 0.000 .
“Oh, box of meaningless numbers.

’-E;f' Accept £) Reject Go away"
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Representation of Results:

each of the refined geometry types

Accept Refinement? p4

Accept Refinement?

- Bonds: 1.114
-Angles: 0.492
- Planes: 1.902
- Chirals; 0.227

- Mon-bonded: 0.000

':éf' Accept

€) Reject

Good refinement

Accept Refinement? p4

Accept Refinement?

“Traffic Lights”

“Traffic Lights” represent the RMSd values for

- Bonds: 44.705

-Angles: 8.964
-Plﬂnes: 5.654

Chirals: 4.975

- Mon-bonded: 0.000

'&f‘ Accept

€) Reject

Bad refinement
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Refinement Techniques

= Single-Atom Drag

= Over-dragging
= Key-bindings:

= Triple Refine

= Single Residue Refine with Auto-accept
= Ramachandran Refinement



Ligands in Coot

Importing and building ligand from
scratch

= PRODRG, LIBCHECK
Ligand Fitting
Validation

= Mogqul
Representation

= Bond orders

= Surfaces
Analysis

= Molprobity, LIDIA



Free sketch

Sbase search

File Edit

Calculate Draw

Measures Malidate HID About Extensions Lidia |

Ll (@), ResetView [ Display Manager i

File

Help

= 4 g

OGO 0O00 0

SMILES: clece(-c2c3c(cdcScc(O)jcce5[nHjc4c2 |Ci=0)NC3=0)ccl

Search Database

b \ Search

|imol. no: 9) CAC/1//1 DRG occ: 1.00 bf: 20.00 ele:

C pos: (10.59,-837,1.74)

2
2

Map

2806

ot

ﬂ VOB ALK FEr TG HF DN

QWMannq 0.75 v|

Apply

‘. . Close




Atom name matching
Torsion matching
Ligand overlay




Why Validate?

= 11,000+ chemical structures (Het-

NArniinc)

Sulfate ions in 1IDW9 (1.65A
resolution)



Ligand Site

Known Unknown

()]
& Known
|_
©
= Cocktail
O
1
Unknown
Cocktail Examples
H Br o HO i H
- H'NJ\’NH Y - [~ N
)7 . ™ \{*’ N N\l @ 3
HN? <N’ /)\NHZ 0)\5 A 0% “OH NH, 07 ~NH, :@






REFMAC Monomer Library
chem conmp tor

loop

_chem comp_ tor.comp id

_chem comp_ tor.1id

_chem comp tor.atom id 1
_chem comp tor.atom id 2

_chem comp tor.atom id 3

~chem comp tor.atom id 4
~chem comp tor.value angle
~chem comp tor.value angle esd
_chem comp_ tor.period

ADP var 1 02A PA 03A PB 60.005 20.000 1
ADP var 2 PA 03A PB 01B 59.979 20.000 1
ADP var 3 02A PA "05'"  "C5'" -59.942  20.000 1
ADP var 4 PA "o5'" "C5'" "C4'" 179.996 20.000 1
ADP var 5 "o5'" "C5'"  "C4'" "C3'" 176.858 20.000 3
ADP var 6 "5t "c4't "o4't t"C1t” 150.000 20.000 1
ADP var 7 “c5't o "c4't a3ttt ote2t -150.000 20.000 3



Ligand Torsionable Angle Probability from CIF file

g0 180 270
Torsion Angle



Non-Hydrogen
Non-CONST
Non-Ring

File Edit Calculate Draw Measures Validate HID About Extensions

3 23 Resetview [ Display Manager =& §.

Successfully read coordinates file wligand-0O.pdb. Molecule number 49 created.




Orienting the Ligand

Orientation 1 Orientation 2

Orientation 3 Orientation 4



Orienting the Ligand

Orientation 1 Orientation 2




Ligand Validation

= Compare the observed structure to the

restraints

= In Coot: Validate -» Geometry analysis
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Parmatisation issues...
(what if they are wrong?)

= Perfect refinement with incorrect
parameters — distorted structure

= CSD's Mogul s =
- Knowledge-base of geometri .
parameters based on the CS .
g
= Can be run as a “batch job” - _
Mo e NI - ] fi—— i
= Mean, Z-scores. = ﬁm:

Sebocind 138




Moqul plugin in Coot
un mogul, graphical display of results

pdate restraints (target and esds for bonds
and angles

Bonds | Angles  Torsions | Rings Fle Edit Calculate Draw Measures Validate HID About Extensions JED-extensions
Atoms  Queryvalue  Hits  Meanvalue  Medianvalue  Stdev.  zscore 4~ d-min  local dens B> &, ResetView |5 Display Manager w5
€203 1460480 165 1403730 1.405500 0.015260 3.719060 0.002880 0.606061
C15Cl6 1458680 270 1409440 1.410500 0.013849 3.555840 0.002092 0.370370
Cl3Cl4 1455910 28 1.408310 1.410440 0.013867 3.432610 0.005776 3.571430
C20C19 1433240 5695 1384370 1384960 0.018047 2707970 0000017 0877963
03cC19 1.318390 4162 1367930 1368110 0.019473 2543640 0000518 1369530
02C6  1.269640 6192 1228270 1.227940 0.018149 2.279450 0.000017 2.034B80
ClCz 1428470 2396 1393420 1.393660 0.015870 2.208510 0.000133 3.005010
CSN1  1.344110 89 1.379900 1.380130 0.017213 2.079610 0.006351 1.123600
0l1C5  1.264100 6192 1228270 1.227940 0.018149 1.873980 0.000004 3.246120
C17Cl8 1416380 2477 1385690 1.386340 0.015566 1.871250 0.000221 4.400480
Cl3C4 1431900 309 1403150 1402110 0.014794 1943210 0000398 9385110
Cl7C15 1419870 2396 1393420 1393660 0.015870 1666590 0000115 7387310
C9C8 1418180 2913 1384810 1.384350 0.020511 1.626760 0.000144 3707520
CBC7 1414510 3576 1389210 1.350090 0.016914 1495610 0.000047 6.040270
CEN1  1.356660 89 1.379900 1.380130 0.017213 1.349970 0.000540 8.988760
cllclz 1411210 2913 1384810 1.384350 0.020511 1.287220 0.000184 6.900100
Cc3c4 1436310 194 1398440 1.335390 0.031449 1.204000 0.000197 7.731960
Mogul hits Query value

1231 =

923

615

307

o | -

1.110 1.215 1.320 1425

Bond length values

b /1/A/901 624 occ: 1.00 bf: 22.90 ele: Cpos: ( 1.75,53.69,28.53)




Bond orders (from dictionary)




Surfaces using Partial Charges




Ligand Representation

Transparent surfaces




Binding site highlighting,
Isolated Molprobity dots

¥
f o
¥ e



Ligand Environment Layout
= 2d Ligand pocket layout (ligplot,

NnNcav/iows )

0
Gly 382(A Tle 305(A) H //
N
I R
o H  Asn37ea

R
|' i ! Val313A Lys328A
NH A ;" spd63A
L0
Phe 433(A S . \O I
Y [ \‘. [
' Glu377A
R

M

824 901(A) ' -
«? .

i S
7
o1z
[

X
Asp 463(A 3 2

’ B I

st
N

Cys379A |L
Glu 377(A) s

L]
lle305A

S

Ala 326(A) l !
Lys 328(A Phed33A

Can we do better? -
Interactivity?



Ligand Environment Layout

= Binding pocket residues

= |Interactions

= Substitution contour

= Solvent accessibility halos

= Solvent exclusion by ligand



Solvent Exposure

= |dentification of solvent accessible atoms
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Ligand Enviroment Layout

= Considerations

= 2D placement and distances should reflect
3D metrics (as much as possible)

= H-bonded residues should be close the atoms to
which they are bonded

= Residues should not overlap the ligand
= Residues should not overlap each other

- ¢.f. Clark & Labute (2007)
(work In progress)



Ligand Environment Layout

= Initial residue placement




Layout Energy Terms

(A2 _ D2 Residues match
L L wl] d D ) T 3D Distances
Residues don't

2 2 eXp ——(:],2 overlay each
other

Residues are

d. — D3 close to H-
L L k lk T bonding ligand

atoms

]
2 : ,
2 2 exp(——dik) Residues don't
2 overlap ligand




Ligand Environment Layout

Residue position minimisation

L (T}
R
=




Determination of the
Substitution Contour

How far can we go (in the direction of the
hydrogens) before hitting atoms of the protein?

Fire "cannonballs" along
the hydrogen vectors

Atoms of the
protein

Determined in 3D, project to 2D surface and contoured Note: Hydrogens in hydrogen bonds

¢.f. Clarke & Labute (2007) are a confounding factor



Substitution Contour:
Extending along Hydrogens

_O—>

24
_— 'S
—oF | =<

Riding Hydrogens

Torsionable Hydrogens

(test multiple directions)
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Inverted chiral centre
refinement pathology
detection

Hydrogen tunnelling




Alpha Helix Placement

= Scenario: Looking at a new map, not built with
automatic tools:

= “l can see that there’s a helix here - build it for
me!l”

= From a given point:
= Move to local averaged maximum

= Do a 2D MR-style orientation search on a cylinder of
electron density

= Build a helix (both directions)

= 1D Rotation search to find best fit
Score based on density at CB positions
Trim ‘n Grow

37/100



Centering the Rotation point




Cylinder Search

Pick the orientation that

encapsulates the most
electron density ==

Using 2 rotation = -
axes




2 X 1-D Helix orientation searches



Top

baubles

/)
A

Bottom



W
’ !“ By
_ J’i!h»:«.]

: {.-"r:
o




+ Coot

o

e
[ Fa¥
Wl - AU
O N / NN DN e

g L ! o i & N

) ,,q’tb-;, ,,,..!:;a )

4 1#? T‘Ilrl‘"‘iﬁrﬁi:ﬁ.} ’ b‘*i'% i\.

Al R ol 17 3 -‘-‘H—HE i
A0

N

¥

e

; i :-'.
A iv

";i";'li )

|
N

==




y ":’}n

B 2R

. 5 gl

<’ "«"ﬂ\l‘}*‘*

" 2 1 e Ny
v ,e‘*:hﬂ' | I\ XMW
'*iﬁﬁ'ﬂ!p!ﬁﬁjﬁﬁ_.. .

5
|




< Coot

Fle Edit Calculate Measures Validate HID About E»

splay Manager Sphen

s

{mol.no: 5) CA [

CA




Handling EM maps

45/100



=
+ Coot

File Edit Calculate Draw Measures Vslidate HID About Extensions

= Q Reset View EDisplayManager g

.Joordinates file fnrome/paulefem-challengefgroEL/1GRU.pdb.gz. Molecule number 1 created.




=
+ Coot

File Edit Calculate Draw Measures Vslidate HID About Extensions

= Q Reset View E Display Manager g

(mol. no: 1} CDf1/M/208 GLU oce: 1.00 bf: 100.09 ele: C pos: (167.80,210.31,219.52)




Partioning Maps:
Watershed Algoritm

1D-
analog

New region created New region created
/ A \

~ } Different segments



Q0 @ @ o B a9

L]
Sam st n

% SR L4

Pintilie et al. (2010)
J.Struct.Biol.



=
* Coot

File Edit Calculate Draw Measures Validate HID About Extensions 5Solid

= Q Reset Wiew EDisplayManager B

Good moming Paul. Welcome to Coot




+ Coot

File Edit Calculate Draw Measures WValidate HID About Extensio

= Q Reset View ij[‘risplay‘l‘ﬂanager =27

yrdinates file test.pdb, B cule number 1 created.




=
< Coot

File Edit Calculate Draw Measures Vslidate HID About Extensions Solid

= Q Reset View E Display Manager

{mol. no: 4) CA(1/Cf255 ILE o 1.00 bf: 49377




EM Futures

= Use Fast Fourier Feature recognition

= Positioning protein domains or fragments
In complete or segmented maps

= Extremely parallelizable(?) and non-
graphical

= Map scoring with protein-protein docking
hypotheses?

= Score complexes with PISA?

53/100



e Edit Calculate Draw Measures Validate HID About Extensions Density

(mol. no: 0) CA1/AM42 SER occ: 1.00 bf; 14.73 ele: Cpos: (44.35,10.36,15.01)




Edit Calculate Draw f Extensions Densit

..ad coordinate




Low Resolution Model-
Building
= Interactive Map Sharpening

= User-define distance restraints
= And torsion restraints
= Ramachandran Restraints

» “Backrub” rotamers

= Protein-db loop database (from Kevin
Cowtan)



Sharpening the Data

Original Data

Average | \ ./ \. .. e Sharpened Data

Amplitude
<|F|>

Resolution



Sharpening the Data

Which B-factor shall | use to get the
most interpretable map?

Interactively adjust the structure
factor amplitudes and re-generate
the map with FFT and
recontouring...



Validate HID out Extensions Density

aer =1

200 200 0.0 10.0 20.0 30.0
Blur

ully read coordin ' : ' j.ent. Molecule number 3







2XGJ: Mtr4, Weir et al. (2010)

'|h}'




"Backrub Rotamers”

= High probability models with low
resolution data



Current Low Resolution Rotamer Search

+ Rigid Body
Refinement

Previous

C




File Edit Calculate Validate HID About Extensions Lidia Ligand

(mol. no: 1) CAJL/AMG THR occ: 1.00 bf: 14.64 ele: C pos: (42.40,4.14,12.99)




File Edit Calculate Validate HID About Extensions Lidia Ligand

F

(mol. no: 1) CAJL/AMG THR occ: 1.00 bf: 14.64 ele: C pos: (42.40,4.14,12.99)




Davis et al. (2006) Structure



New Low Resolution Rotamer Search

=
"""’-‘."‘3\
N
.

-y
Rotamer Search

N\
Backrub Search

After Fitting Tools in KING/Molprobity
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| method

INa

Orig

Backrub method

T



To turn i1t on...

* (ROTAMERSEARCHLOWRES)



To turn i1t on...

* (ROTAMERSEARCHLOWRES)



Networking...

= PDBe interface...

= Drag and drop
= Also with drugbank

19/80



PDBe Recent Structures

JSON parser, network threaded code

'é' Applications 64°C )

gt-coot-real &

b3 S Sun 18 Mar, 08:42 @ Paul Emsley

Recent Entries
[ TG EIWI RS | Download and make SFS for 4dwd ]
3ztp: x+ay diffractiq -

Boissier, F. Ge

Coot

File Edit Calculate Draw Measures WValidate HID About Extensions Lidia

Download Coords: "] E, £ Reset View Display Manager [ 8_3

CRYSTAL STRUCT Downlead SFs cif: 4% s Jlos..
2ycB: xray diffracti

Enriquez-Flores|
Ligands: Running Refmac 0%

PGA: 2-PHOSP
Crystal Structure of] -
4dryxu xray diffracti| Sansel \T‘

Shukla, P.K. Ga|
Ligands:

ACA: B-AMINCHEXANOIC ACID /ga "

e w

NAG: N-ACETYL-D-GLUCOSAMINE

Orthorhombic crystal form C222 of the Aquifex aeolicus nucleoside diph
3zto: x+ay diffraction  Resolution: 1.47
Boissier, F. Georgescauld, F. Moynie, L. Dupuy, J.-W.

Crysial structure of mandelate racemase/muconate lactonizing protein f...
ddwd: x+ay diffraction  Resolution: 1.5

Malashkevich, V.N. Toro, R. Sauder, J.M. Burley, S.K.
Ligands:

MSE: SELENOMETHICNINE

T

Crystal structure of anti-HIV llama VHH antibody A12
3rom: x+ay diffraction  Resoclution: 1.5

Chen |_Mel ellan .15 Kwan ¥ 1 Schmidt S
u

Close

— TR TR
! @.043 seconds for FFT
INFD:: B.8083 seconds for statistics

Map mean: ........ -1.285842e-18

Map sigma: ....... 0.0625319

Map maximum: ..... 1.62228 ]
Map minimum: . .... -0.276271 =

INFO:: 0.004 seconds for contour map
INFD:: @.88 seconds in total

..ordinates file /home/paule/autobuild/Linuxtiresias pretelease-gtk2-python/share/coot/datatuterialmod. ..




Finding Holes

= An implementation of

= Smart, Goodfellow & Wallace (1993)
Biophysics Journal 65, 2455

= Atomic radii from AMBER
= | used

= radii from CCP4 monomer library
= sans simulated annealing



'" Coot

File Edit Calculate Draw Measures Validate HID About Extensions Lidia TestHole

[ Q Reset Wiew EDisplay‘Manager =)

QJ T
h‘} %

JM/

.

F

&
<

&’

iy
iy
"

Hole end point set: (-55.97 -16.51 -49.72)




Restraints Editing in Coot

Distance Restraints:

= Alpha helices, A-form RNA
Add and delete individual restraints

= User-selectable sigma
Select 2 residues for range

User-defined torsion restraints
Input from ProSMART
Output to Refmac

63/100









File Edit Calculate Draw Measures Validate HID¥ About Extensions

iesetView [ Display Manager

-‘“‘ p ;
g . -] i) I"-._:II I .:_-..- 2 !.:rh
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IRANE

y
. ARy
et N
i C pos: (29.46.28.36,35.57

f: 9422 ele;: C




File Edit Calculate Draw Measures WValidate HIDX About Extensions Density Extras

iesetView [ Display Manager
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F
« Coot

File Edit Calculate Draw

) Reset View

imol. no: 0} Co f1/8/907 Grocc: 0.70 bf: 94.54 ele: Cpos: (30.57.27




File Edit Calculate Draw Measures Validate HID About Extensions Density Extras

-] Display Manager

=

(mol. no: 0) C6 f1/B/907 Grocec: 0.70 bf: 94.54 ele: C pos: (30.




File Edit Calculate Draw Measures WValidate HID About Extensions Density

‘1‘":;":?_._., F#‘E‘
ity L

e i
/g
|.

oy

k

(mol. no: 0) cc: 0.70 bf: 94.54 ele: Cpos: (30.57.27.68,35.(




Export as Refmac
Restraints:

EXT DIST FIRST CHAIN A RESI 55 INS . ATOM CA  SECOND
CHAIN A RESI 55 INS . ATOM C  VALUE 1.54 SIGMA 0.05

(And Nat Echols has been working a the phenix interface)
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