Molecular Graphics
with PyMOL

Jean-Yves Sgro

Overview of:

* Protein Data Bank Coordinates
« PyMOL interface

- Hands-on!

Experimental Methods
3 Main:

X-ray crystallography

NMR

Cryoelectron microscopy

X-ray crystallography
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/‘\i destructive

According to the 20 deviation, the phase shift causes constructive or destructive interferences.

Protein Data Bank (PDB)
+ Established 1971: 7 structures
* Tuesday Sep. 11, 2018: 144,042

September 11, 2017 : 133,397
" May 23, 2017: 130,102
... September 27, 2016: 122,799




PD

Current Holdings Breakdown

Nucleic | Protein/NA

P File Format

Plain Text — 80 columns

Exp.Method Proteins A Total %
P Acids | Complexes °
1 2 3 4 5 6 7 8

X-RAY 120729 1957 6237 10 128933 89.51% 12345678901234567890123456789012345678901234567890123456789012345678901234567890

NMR 10834 1254 250 8 12346 8.57%

ELECTRON

cRoscony 1725 31 619 0 2375 1.65% Header

HYBRID 242 4 6 13 265 0.18%

other 115 5 2 1 123 0.09%

Total 133645 3251 7114 32 144042 100.00%

ELECTRON MICROSCOPY -
D coordinat
3D coordinates
= =
Connectivity
End d
Header 3D Data
Chain
ID Sequence
ATOM # X Y Z Optional
~ \ \ / / coordinates
HEADER CALCIUM-BINDING PROTEIN 08-0CT-93 1coM 1coM 2
COMEND CALMODULIN COMPLEXED WITH CALMODULIN-BINDING DOMAIN OF icoM 3 ATOM 56.238 90.044] 1.00 38.47 icoM 79
COMPND | 2 CALMODULIN-DEPENDENT PROTEIN KINASE IT icoM 4 56.672 88.943] 1.00 41.33 1cDM 80
SOURCE | CALMODULIN: BOVINE (BOS TAURUS) BRAIN; PEPTIDE: SYNTHETIC oM 5 57.990 89.376] 1.00 42.49 icoM 81
‘SOURCE 2 BASED ON BOVINE (BOS TAURUS) BRAIN CALMODULIN-BINDING 1coM 6
‘SOURCE 3 DOMAIN OF CALMODULIN-DEPENDENT PROTEIN KINASE 1coM 7 BER043 90368 1.00142.97 icoM 82
aoTHOR | “W.E.MEADOR,T.A.QuUTOCEO looM 8 55.614 88.683| 1.00f 41.20 icom 83
REVDAT | 1  31-AUG-94 1CDM 0 icoM 9 55.256 87.214| 1.00 41.84 icpoM 84
JRNL AUTH  W.E.MEADOR,A.R.MEANS,F.A.QUIOCHO icoM 10 54.787 86.532| 1.00 40.27 1cDM 85
JRNL :i:: 2 moaunouocrm THE BASIS OF X-RAY sr:'.vcms :3 i; o 2700y 1.00137.85 loom 86
JRNL REF  SCIENCE V. 262 1718 1993 1coM 13 ! 85.656 1.0q44.62 lcom 87
JRNL REFN  ASTM SCIEAS US ISSN 0036-8075 0038 1cDM 14 60.391 88.970] 1.00 46.64 icoM 88
/7
SEQRES | 1 A 144 LEU THR GLU GLU GLN ILE ALA GLU PHE LYS GLU ALA PHE 1CDM 52 62.705 77.590| 1.00| 63.74 1CDM1115
SEQRES | 2 A 144 SER LEU PHE ASP LYS ASP GLY ASP GLY THR ILE THR THR 1CDM 53 61.653 75.046] 1.00 54.09 1CDM1116
SEQRES 3 A 144 LYS GLU LEU GLY THR VAL MET ARG SER LEU GLY GLN ASN 1CDM 54 62.893 74.335| 1.00 59.86 1CDM1117
7 3 g 5 5
SEQRES | 1 B 25 LEU LYS LYS PHE ASN ALA ARG ARG LYS LEU LYS GLY ALA 1CDM 64 60.542 74.050| 1.0Q 53.25 1cpM1118
SEQRES | 2 B 25 ILE LEU THR THR MET LEU ALA THR ARG ASN PHE SER 1CDM 65 47.035 78.774] 1.0(] 23.95 1CDM1119
HET A A 1 1 CALCIUM +2 COUNTER ION 1CDM 66 40.696 85.266 1.00 32.03 1CDM1120
HET A A 2 1 CALCIUM +2 COUNTER ION 1coM 67 66.758 58.273| 1.00 20.96 1CcDM1121
HET CA A 3 1 CALCIUM +2 COUNTER ION 1CoM 68
o A A 4 1 CALCIUM +2 COUNTER ION lcoM 69 73.501 66.002| 1.00 21.92 1CDM1122
FORMUL | 3 CA  4(CAl ++) icoM 70 70.529 81.843| 1.0Q 53.51 1cpM1123
FORMUL | 4 HOH *53(H2 01) icoM 71 69.951 80.639 1.00 51.33 1cDM1124
crysT1 | 39.000 75.200 120.150 90.00 90.00 90.00 C 2 2 21 8 1coM 72 70.083 80.804| 1.00 50.69 1CDM1125
ORIGX1 1.000000 0.000000 0.000000 0.00000 1coM 73 71.182 81.065| 1.00 53.25 1CDM1126
ORIGX2 0.000000 1.000000 0.000000 0.00000 1coM 74
ORIGX3 0.000000 0.000000 1.000000 0.00000 1coM 75 Q0 79367 1.0q51.60 1cpmi127
SCALEL 0.025641 0.000000 0.000000 0.00000 icoM 76 70.196 78.101 1.09 53.57 1cpM1128
SCALE2 0.000000 0.013298 0.000000 0.00000 1coM 77 69.058 77.443| 1.00 54.30 1CDM1129
Scare3 0.000000 0.000000 0.008323 0.00000 1com 78 70.856 77.556] 1.00 52.19 1CDM1130
68.593 76.258] 1.00] 49.49 1CDM1131

ian Coordinate

The idea of this system was developed in 1637 in two writings by Descartes and independently by
Pierre de Fermat, although Fermat used three dimensions and did not publish the discovery. (Ref:
"analytic geometry". Encyclopaedia Britannica (Encyclopaedia Britannica Online ed.). 2008.)

Rene
Descartes

. (Cartesius in Latin).
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Connectivity / End

ATOM 1181 CB THR B 310 23.916 51.369 66.469 1.00 49.44 1CDM1259
ATOM 1182 OGl THR B 310 24.460 52.029 67.623 1.00 46.97 1CDM1260
ATOM 1183 CG2 22.985 52.311 65.749 1.00 42.69 1cpM1261
TER 1184 1CDM1262
HETATM| 1185 O 18.068 65.332 85.656 1.00 30.65 1CDM1263
HETATM| 1186 O 28.977 69.153 72.574 1.00 19.97 1CDM1264
HETATM| 1187 O 9.422 53.309 82.370 1.00 51.29 1CDM1265
1/

HETATM| 1235 O 23.005 77.348 69.407 1.00 42.45 1CDM1313
HETATM| 1236 O 17.479 65.934 56.296 1.00 40.01 1CDM1314
HETATM| 1237 O 11.079 54.331 71.795 1.00 49.93 1CDpM1315
MASTER] 37 0 4 0 0 0 [ 6 1236 1 19 14 1CpM1335
END

Multiple Modeils

MODEL & ENDMDL

MODEL 1

[ATOM | 1 05 G A 1 -11.545 -12.549
ATOM 2 c5' GA 1 -12.281 -11.830
//

ATOM 768 H6 cAaA 24 -0.402 -19.203
TER 769 CA 24

ENDMDL

MODEL 2

ATOM 105 G A 1 -10.937 -10.771
ATOM 2 c5' G A 1 -12.150 -10.309
Il

ENDMDL

MODEL 3

ATOM I 05 GA 1 -10.937 -10.771
ATOM 2 c5' G A 1 -12.150 -10.309
I

PDBf

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

Header

les with 2 chains and 2 mode

MODEL 1

ATOM LINES FOR CHAIN A 3D coordinates
TER MODEL 1
ATOM LINES FOR CHAIN B

TER

ENDMDL

MODEL 2

ATOM LINES FOR CHAIN A 3D coordinates
TER MODEL 2
ATOM LINES FOR CHAIN B

TER

ENDMDL

Connectivity
End records

Functional Biological Unit

Example 1: 2biw  ApoCAROTENOID CLEAVAGE OXYGENASE

Asymmetric Unit

Biological Unit 3 + Biological Unit 4

Functional Biological Unit
Example 2: 1DUD

Escherichia coli dUTPase in complex with a substrate analogue (dUDP).

Asymmetric Unit x 3 =

REMARK 350 BIOMOLECULE: 1
REMARK 350 APPLY THE FOLLOWING TO CHAINS: A

REMARK 350 BIOMT1 1 1.000000 0.000000 0.000000
REMARK 350 BIOMT2 1 0.000000 1.000000 0.000000
REMARK 350 BIOMT3 1 0.000000 0.000000 1.000000
REMARK 350 BIOMT1 2 -0.500000 -0.866025 0.000000
REMARK 350 BIOMT2 2 0.866025 -0.500000 0.000000
REMARK 350 BIOMT3 2 0.000 0.000000 1.000000
REMARK 350  BIOMT1 3 -C .866 0 0
REMARK 350  BIOMT2 3 0
REMARK 350 BIOMT3 3 1.000000

Functional Biological Unit
Example 3: 1AYM

HUMAN RHINOVIRUS 16 COAT PROTEIN AT HIGH RESOLUTION

Asymmetric Unit x 60 = Assumed Biological Molecules
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Wizards

Specific functions are handled by calling
on wizards

Today we shall visit 2 wizards:
— Measurement Wizard
(to draw a distance line between atoms) and

— Mutagenesis Wizard
(to mutate an amino acid side chain)
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Where to get PyMOL

Campus software library: software.wisc.edu

Downloads

Please enter your emal before dowr |

PyMOL

Q) Lirnix < PyMOL v1.8.2 10r Linx (QIDC 2.4+) BA-DIE « 714MB 0 Meas#or et U Limrne Agrmmred

% Macreosh - PyMOL v1.8.2 for Mac OS X (ntel onty) 84-D2 - 7OMB M@ rescrer fre User Liosmse Agwement
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My Wiocows - PyMOL v1.8.2 for Wincows 64-0t - 74MB flle feacvnt £ad User Liosnss Ageement

Where to get help:
PyMOL Wiki: pymolwiki.org

Search here

€% G0 wewoymossionynde chotien Pagy .
almgn
Page Dsousion Pesd View sousce View hnry o b
Main Page
Welcome to the PyMOL Wiki!
iy The community-run support site for the PyMOL & molecular vewer.
Mo e New accownts: email javon (dot) vertrees (8) gmail dot com
Comnty pora
Cument ooy
et (i
B .
P
Tutoran Tacle of Cortarts Commands
Tosten
Woat ma heve Seript Lbrwry L "o
e Gallery (Covars  PyWOL Chest Sheet (0] GoogleSomnt
ol sacm
e rron
oot

Today

PyMol Exercises - start on page - 51-
-end on page - 90 -

Today’ s protein 2BIW

Carotenoid Oxygenase

« Lignostilbene-alpha,beta-dioxygenase
(retinal-forming oxygenase)

3_(OH)

Pages 45 - 46

Before we start with PyMol -

2biw : carotenoid oxygenase

Pages 47 -48
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