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Difrakcijos uzdavinio
sprendinys - ne vienintelis!

Pavyzdys:

Atspindéta struktira turi identiska difrakcijos vaizda
(Jel nera anomalaus sklaidymo...)



Elektrony tankis - o kas
toliau?




Rankinis modelio
KOr AVIMNE

0 linux

Macro in database.

New map format :-)
rad

New map format :-)
blue




Automatinial modelio

konstravimo |jrankial

[x] CCP4 Program Suite 4.2.Z CCP4interface 1.3.9 running on kolibris.ibt.it  Project: PROJECT [Cl=arad
Help
Program List Project Database Job List - currently no jobs Directories&ProjectDir |
Acom | I
View Any Fle |
AMoRe |
Anisoanl | View Files from Joh =] |I
ARPIwWARP | Delete/Archive Files.. |
Astexviewer | Kill Joh |
Baverage | ReRun Joh.. |
Beast | Edit Job Data = |
Cad | Preferences |
g | System Administration — |
Coordconv |
Detwin |
Distang |
DM | 3 ARPIWARP Bl=r=]
Dtrekzmtz | | Help |
Ecale | Job title | [N
F2mitz (import) | Run ARPfwARP for automated model building starting from experimental phases = |
FFFear | _I Dock the autotraced chains to sequence after I?_ autobuilding cycles.
FFJoin | MTZin Full path.. |momefsaulius!struct!BﬁImlddata!Bﬁ I-L18B1.mitz Brawse | \iew |
FFT | Fobs F —i | sigma SIGF =i
FFT for Patterson | PHIB Unassigned —i |FOM Unassigned =i
Fhscal (scaleit) | Reqeired paramelors -
Freerflag (import) | There are 358 total residues in the AU, which belong to ﬂ molecule(s ).
Lsgkab (superpose) | Do (10 cycles of autobuilding { |50 total cycles).
Mapman (fft) | Use for Refmac d . |the Fast Sl | protocol and do  notuse | the Free R flag
Mapmask | For autotracing use the limited Depth-first =i | alpha-carbon recognition algorithm.
MapmaSK (fr) ! A= ARPAWARP flow parameters o
— = - - Refime patamelors =
23:37:56 Creating shadow subdired |0rysrm'mrmerem = 7
23:37:56 Creating shadow subdired
23:37:56 Creating shadow subdired Run — | Save or Restore  — Close |
23:37:56 Creating shadow subdired
23:37:56 Creating shadow subdire I
23:37:56 Creating shadow subdlrectory /home/ saul 1us/ CCP4/CCP41 TOP/templates
23:37:56 Creating shadow subdirectory /home/saulius/.CCP4/CCP4I_TOP/utils
23:37:56 Creating shadow subdirectory /home/saulius/.CCP4/CCP4I_TOP/loggraph
23:37:56 Creating shadow subdirectory /home/saulius/.CCP4/CCP4I_TOP/mapslicer
23:37:56 Creating shadow subdirectory /home/saulius/.CCP4/CCP4I_TOP/sketch
23:37:56 Creating local monomer directory /home/saulius/. CCP4/monomar
Top level CCP4 directory is /xray/lnstall/ccpq/ccp4 -4.2.2-src-linux




Papildoma informacija
modelio konstravimul

Molekuliy skaicius asimetriniame
vienete

Baltymo dydis ir seka
Individualiu a.r. strukturos ;-)

Kristalinimo tirpaly sudetis (jonal,
mazos molekulés) ir sudedamujy
daliy strukturos/savybes



Struktury patikslinimas

« Maziausiy kvadraty metodas

 Didziausio tiketinumo
(maximum likelihood)
metodai

« Baijeso statistika (Bayesian
statistics)



Patikslinimo kriterijal

Kristalografinis R-faktorius:

. obs calc obs
Rcryst_zhkl |Fhkl — Fi Vth, |Fhkl

R-free:

~10% (teSt Set) free thlETestset
A
hkl

™ ~90% (working

CU’St thlEWorking set
set)



Patikslinimo parametral

« Atomuy koordinates

« Temperaturinial (B)
faktoriai

« Atomuy pozicijy uzimtumai
« Svarbu:

Parametru/matavimuy skaiciaus
santykis



Papildomi apribijomal

Jungciy ilgiai

Kampai tarp jungciy

Dvisieniai kampai

B-faktoriy apribojimai
Anizotropiniy B-faktoriy koreliacijos

Nekristalografines simetrijos
apribojimai



Patikslinimo savybes

 Rentgeno duomeny svoris
« Apribijomy grieztumas

« Patikslinamy parametry skaicius
(izotropiniai/anizotropiniai B-
faktorial, alternatyvios
konformacijos, tirpiklio/ligandy
molekuliy skaicius)



Nebaltymines molekules
baltymo strukturoje

« Tirpiklio (vandens) molekules
e Jonal
« Ligandai, kofaktoriai

« Modifikuotos amino rugstys ar
DNR bazes



PDB faile patalpinta
iInformacija

Pastabos (REMARK)
Seka, antrine struktura

Kristalografine informacija (CRYST
irasas)

Koordinatés - ATOMir HETAMjrasai



PDB faily interpretavimas

e Techniniai momentai:
e ortogonalizacija
« Modelio turinys:
« Nesutvarkyti rajonai
* Vanduo ar jonas?
 Rotameral
 Alternatyvios konformacijos



Chaoso liudininkal

 Nuliniai uzimtumai
e Milziniski B-faktoriai

« Liekanos be soniniy grandiniy



PDB failo turinys

« Asimetrinio vieneto turinys

« |Simtys - virusy strukttros (vieno
kapsomero turinys)

« makromolekuliy strukturos
(macromolecular structure, .mmol) failal -
biologiskai aktyvios molekulés
rekonstrukcija



PDB faily formatas

* ASCII koduoteés tekstiniai failai
* Fiksuoty kolonéliy formatas
* [rasas — viena eiluté

e Kiekvienas jrasas prasideda raktiniu zodziu

http://www.wwpdb.org/docs.html
http://www.wwpdb.org/documentation/format23/v2.3.html

http://www.wwpdb.org/documentation/format2.3-0108-a4.pdf
http://www.wwpdb.org/documentation/format3.1-20070719.pdf


http://www.wwpdb.org/docs.html
http://www.wwpdb.org/documentation/format23/v2.3.html
http://www.wwpdb.org/documentation/format2.3-0108-a4.pdf
http://www.wwpdb.org/documentation/format3.1-20070719.pdf

PDB failo pavyzdys

HEADER
TITLE

JRNL
JRNL

REMARK

CRYST1
SCALE1
SCALE2
SCALE3
ATOM
ATOM

END

HYDROLASE

15-SEP-05  2C1L

STRUCTURE OF THE BFII RESTRICTION ENDONUCLEASE

AUTH  S.GRAZULIS, E.MANAKOVA,M.ROESSLE,M.BOCHTLER,
AUTH 2 G.TAMULAITIENE,R.HUBER,V.SIKSNYS

2 RESOLUTION.

1.90 ANGSTROMS.

138.925 138.925
0.007198 0.000000 0.000000
0.000000 0.007198 0.000000
0.000000 0.000000 0.010623

1 N AMET A
2 N BMET A

1
1

94.135 90.00

40.881
40.265

90.00 90.00 I 4 16
0.00000
0.00000
0.00000
1.095 49.888 0.33 24.33
1.169 49.581 0.33 24.33

==




PDB formato ATOM |jrasai

IS originaliy PDB 1KNV bei 2EZV jrasu:

@ 1 N ASNA 4 3.407 40.303 50.109 1.00 66.19
128156789 123456YR9 123456789 123456789 12;:56789 123456789 %?%456789 1234 890
raktinis Zodis atomo tipas, numeris, ortogonalios uzimtumas ir atomo cheminis
liekana — unikalus atomo koordinatés, A B-faktorius simbolis
identifikatorius
ATOM 1 N ASNA 4 3.407 40.303 50.109 1.00 66.19  €IKW)N

ATOM 1501 N
ATOM 1502 N

NANNNNNNNNNNNNNN

123456789 123456789 123456789 123456789 123456789 123456789 123456789 1234567890

S A 186 48.353 52.281 47.983 0.61 20.47 s
S A 186 48.355 52.281 47.983 0.39 22.86 AOO2 N

alternatyvios segmento vardas
padéties Zyme

ATOM ) MET A 1 64.171 0.298 -93.738 1.00 21.86 C
HETATM 485 CA 201 77.279 -24.071 -72.974 1.00 36.59 CA
HETATM 4778 CL 3001 46.959 58.438 4.909 1.00 27.44 1IKNVCL-1
123456789’[23456789 123456789 123456789 123456789 123456789 1234567 3456}&55
cheminis simbolis seniau buvo atomo cheminis kravis

zymimas vado pozicijos simbolis



Kristalografine informacija PDB
faile - CRYST1 jrasas

IS PDB 2C1L.:

138.925 138.925 94.135 90.00 90.00 90.00 I 4 16

123456789 1234567897123456789 123456789 128456789 123456889 123456789 W34567890

Gardeles konstantos Gardelés kampai Simetrijos grupes Mistiskoji Z
(krasStiniy ilgiai) angstremais laipsniais Hermano-Mogeno reikSme :D
(A, Angstrgm) (Hermann—-Mauguin)  (.populiariausiy*
simbolis grandiniy
skaiCius

gardeleje)



REMARK jrasai PDB failuose

e Tki 1992 — laisvas tekstas (tik zmogui)

e Nuo 1992 — grieztesné struktiira (zmogui ir

masinai).

REMARK 2 RESOLUTION. 2.5 ANGSTROMS. 155CE 1
REMARK 3 155C 15
REMARK 3 REFINEMENT. THESE ATOMIC COORDINATES MUST BE CONSIDERED AS 155CE 2
REMARK 3 PRELIMINARY. THEY WERE OBTAINED BY RUNNING SEVERAL CYCLES 155C 17
REMARK 3 OF THE DIAMOND MODEL BUILDING ROUTINE ON GUIDE POINTS FOR  155C 18
REMARK 3 ATOMS MEASURED FROM THE WIRE KENDREW MODEL.

REMARK 2 RESOLUTION. 2.17 ANGSTROMS.

REMARK 3  RESOLUTION RANGE HIGH (ANGSTROMS) : 2.17

REMARK 3  RESOLUTION RANGE LOW (ANGSTROMS) : 24.61

REMARK 3 DATA CUTOFF (SIGMA(F)) : 2.000

REMARK 3  DATA CUTOFF HIGH (ABS(F)) : 2011306.160

REMARK 3 DATA CUTOFF LOW (ABS(F)) : 0.0000

REMARK 3  COMPLETENESS (WORKING+TEST) (%) : 93.6

REMARK 3 NUMBER OF REFLECTIONS : 42686




Uzimtumas
(angl. occupancy)

* Idealiame kristale visy gardeliy turinys yra vienodas

* Realiame kristale kai kurie atomai gali buti ne visose
gardelése:

uzimty viety skaicius

uzimtumas=q= : —
bendras viety skaicius

® q=§=0.778




Alternatyvios padetys
(angl. alternative locations)

e Kai kurie atomai skirtingose gardelése gali biti iSsidéste
skirtingai:

a
® ® j
o Are
b s
x‘;//l’ (7 W= “' A
l\- =1 i~ . Y \" "
L ‘ : » L N -
. w = )i LY )I‘llb"
o o e i) W e,
\gﬁ’ o & ‘ n= ‘ﬁl\vj,
' o w=p S
| A (
PDB ID 1KNV, His B169
o ® o

Grazulis et al.




s 4
I

,lremperaturinial faktoria
(angl. “temperature factors”, B-factors;
lUCr: Debye-Waller factor)

B=8m"{u*)

B - temperaturinis faktorius
ATOM jrase

u - atomo pozicijos nuokrypis
nuo vidutines pozicijos.

() - vidurkis laike

B=79A°<=(u*)=1.0A

T/2
2 . 2
e (u”)= lim f u”(t)dt
Sang et al. Acta Cryst. (2010). E66, m252 T+ _T1/2
http://journals.iucr.org/e/issues/2010/03/00/bg2191/index.html ,
u
1 o 20

plu)=—F——
B-faktoriy paaiskinimas: 21r(u’)

http://spdbv.vital-it.ch/TheMolecularLevel/ModQual/#Temperature%20factor%20(crystallogr
http://pldserverl.biochem.queensu.ca/~rlc/work/teaching/definitions.shtml

C. Giacovazzo et al. Fundamentals of Crystallography, IUCr & Oxford Uni. Press, p. 149


http://journals.iucr.org/e/issues/2010/03/00/bq2191/index.html
http://spdbv.vital-it.ch/TheMolecularLevel/ModQual/#Temperature%20factor%20(crystallogr
http://pldserver1.biochem.queensu.ca/~rlc/work/teaching/definitions.shtml

Literatura tolesniam skaitymul

« Crystallography Made Crystal Clear by Gale Rhodes (Author)

« Protein Crystallography by T. Blundell (Author), Lewis Johnson
(Author)

* Practical Protein Crystallography, Second Edition by Duncan
McRee (Author) (September 1999)

* Principles of Protein X-Ray Crystallography (Springer Advanced
Texts in Chemistry) by Jan Drenth (February 1999)

« X-Ray Analysis and the Structure of Organic Molecules by Jack D.
Dunitz (Author)

« Fundamentals of Crystallography by Carmelo Giacovazzo
(Editor), et al.



Resursal tinkle

Protein Data Bank (PDB) http://www.rcsb.org/pdb/
Macromolecular Structure Database http://www.ebi.ac.uk/msd/

International Union of Crystallography http://www.iucr.org/
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