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The structure from a crystal is the structure
of the macromolecule?

Right?
Well yes, but ....

It's the average
structure.

It's averaged over
many individual
macromolecules.

And it's averaged
over time.

'Look, Watkins - I've invented a new
prehistoric creature!’

Most importantly it's a MODEL that best explains the data



Aregular lattice



Many frozen crystals

Even when the crystal is cryocooled,
dynamic motion is ‘frozen in’ and
chemical processes can be ongoing



How do we store
structures?

Structures are deposited in the
protein data bank or PDB (which
also includes other biological
macromolecules)

http://www.rcsb.org
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Welcome to the RCSB PDB

The RCSB PDB provides 3 variety oftools and
resources for studying the structures of biological
macromelecules and their relationships to sequence,
function, and disease.

= Complete News
= Hewsletter

® Discussion Forum
= Job Listings

The RCSBis a member of the wwPDB whose mission is 305

to enzure that the PDE archive remains n intzrational
resource with uniform data.
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A tutorial is available at http://www.rcsb.org/pdb/tutorials/tutorial.html
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The PDB file

The PDB stores
coordinates,
experimental
detail and
comments and
more recently
the processed
diffraction image
data used to
generate the
coordinates.

CRYST1
ORIGX1
ORIGX2
ORIGX3
SCALE1
SCALE2
SCALE3
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

77.
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O OO oo

53 77.
.000000
.000000
.000000
.012911
.000000
.000000
N LYS
CA LYS
C LYS
0 LYS
CB LYS
CG LYS
CDh LYS
CE LYS
Nz LYS
N VAL
CA VAL
C VAL
0 VAL
CB VAL
CG1l VAL
CG2 VAL
N PHE
CA PHE
C PHE
0 PHE
CB PHE
CG PHE
CD1 PHE
CD2 PHE
CE1l PHE
CE2 PHE
CZ PHE
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37.183

.000000
.000000
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.012911
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29

27.
25.
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25.
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23.
25.
24.

24

23.

22

23.
24.
25.
24.
26.
25.
26.

90.00

.000000
.000000
.000000
.000000
.000000
.026894

.393
951
443
684
349
843
418
758
.208
014
584
.281
698
192
695
552
589
.203
063
.212
688
750
551
905
480
831
626

40.
39.
39.
39.
38.

37

35.
34.
34.
39.
39.
38.
38.
40.
40.

42

37.
36.

36

37.
35.
34.
35.
33.
35.
33.
33.

90.00

729
778
827
780
350
.250
906
735
569
943
924
513
133
921
820
.337
736
353
.267
154
632
999
764
620
16l
000
760

90.00 P 43 21 2
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.00000
.00000
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Atom ID

N\

ATOM
ATOM
ATOM
ATOM
Comment arom
ATOM
ATOM
ATOM

58
59
60
61
62
63
64
65

N
CA
C

o]
CB
CG
CDh1
CD2

LEU
LEU
LEU
LEU
LEU
LEU
LEU
LEU

i i A

Residue name

O 0O 0O O O 0O O

21.

21

21

/e

Numerical sequence of atom

906

.726
20.
21.
.066
20.
22.
20.

912
191

854
195
183

31.
31.
30.
.474
33.
33.
727
35.

30

33

721
982
860

358
696

053

Residue number

NDNwWNhONDEFE OO

.789
.631
.284
.422
.859
.336
.068
.459

.00
.00
.00
.00
.00
.00
.00
.00

I = = NS Sy

N\

11.
10.
.51
10.
.15
.23
10.
.22

10

11
10

12

/

49
44

37

73

B factor
: Atom
. type
C
C
C

Occupancy

X,y and z coordinates in

Angstroms



The Unit Cell




ATOM 58

CRYST1
ORIGX1
ORIGX2
ORIGX3
SCALE1
SCALEZ
SCALE3

N

LEU A

8

21.906 31.721 -0.789
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90.00 :

1.00 11.49

0.00000

. 00
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000
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The Essence of Structural Crystallography

 There are known knowns. These are things
we know that we know. There are known
unknowns. That is to say, there are things
that we know we don't know. But there are
also unknown unknowns. There are things
we don't know we don't know.

Donald Rumsfeld, Feb 12t 2002.

Shamelessly copied from a slide by Ted Baker


http://upload.wikimedia.org/wikipedia/commons/8/87/Donald_Rumsfeld_Defenselink.jpg

The three R’s of a good structure

« A structure is a model that best represents the measured
data.

« Think about what you are measuring:

— The data is an average taken over many macromolecules. For
example, a 100 ym?3 crystal produced from a macromolecule that
has a typical size of 200 A on edge will consist of ~ 5,000
molecules on edge or 125,000,000,000 molecules in total.

— The data is not static, it represents an average of those
molecules over time.

— The data is dynamic. X-rays cause chemical changes which can
also be captured over time.

« Given these, how do we get a good structure.
 How do we know when we have a good structure?



Known knowns — we know what to expect

(B) Glycine

Structure Validation by Ca Geometry: ¢, @
and C Deviation PROTEINS: Structure,
Function, and Genetics 50:437-450 (2003)

Simon C. Lovell, lan W. Davis, W. Bryan
Arendall Ill, Paul I. W. de Bakker, J. Michael
Word, Michael G. Prisant, Jane S.
Richardson, and David C. Richardson

ETYC PR - RUNIN NSRRI [ . o= RPN IS I
-180 0 q) 180 -180 0 ¢ 180

The dihedral angles in the main chain have allowed and disallowed regions that
are well known — developed by Gopalasamudram Narayana Ramachandran and
called the Ramachandren plot. Available as part of several software packages.



Known knowns — we know what to expect

ST~ A : a3 4
N u By =
— N ) g TR W) S 2 S e
TR o ol 0 P SR
s, i 3 2 [ ' D -
" 1 . . 1 SRl
’ . il o .




Known knowns — we know what to expect
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We can look for deviations in bond chain angles and lengths from previous
data, e.g. Procheck http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html



http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html

Known knowns — we know what to expect

PROE
FROCTILECK Paga 1
Page 1

Residue properties Distorted geometry
labe labc

4. Abzelule devialion [rom mean Chi-1 value {cxel. Pro)

2 10
L . .
g Main-chain bood leogtbs
E 30
£ m [ [ [ ¥ oLe ca N olem oo X
T 1282 5D 1274 1503 1515 1295
I e B B B R T R Atin 2 Alew 19 Aleu 19 Atily 49 AAzg S5 Ay S2-400 83
Residue numbes CALnu O ooz 0 NLek ¥ oLen ca A o1zu B © oL X
X b. Absolule devialion [rom mean of omoga lorsico 'ﬁ‘ lmﬁ 'T. 'T" Iwi 'W‘
i1 E E a E E E
E Alew 9 BThr 4 BArg ¥ Btily 18 HPhe §3 HAcg S7-B a3
E & QA LD [T A LI O @l [N Er ] oLz o
ﬁ + 1.430 .57 ({0 1.as80 1531 1.380
"
bz 1 tilu &S 1l % 1 Thr 96 CPhe & Clle ¥ Cval ¥
E
1

§ 10 15 Z0 25 30 33 40 45 50 53 60 A5 YO Y5 ¥0 X5 90 9F

ltonds differing by > 0.03A from sxmall-molecule values. Yalies shown: “ideal”. difference. accual
Hexidue numbes i

" 2. C-alpha chirality: abs, deviation of zola lorsicn

12 Main-chain bood angles

k 5 P L LI I

3 \\l\u% W W W 1702 W
e (LY b

CHotma @y N g ox e g

Yetaabs. meandev.
@

2 (31 k a e
R R T A Atb 2 PP A3 Al 3 aTh a Ao 4 Aoy &
Rexidue numbe ighlighiial rexidusa ure tus cthut
devitehy mure thur 2.0 oL, dura. Crum ided
d. Sccondary srucmre & cromatcd accarsibility o AT PR . A N T I L LU I . S S U U . mroo0y ne: g2

N . (1% A (319 A [
Keys o lebr ) e soand Randam coil Aval 11 A A 14 AArz 14 Alle 15 Al 15 Aty 18

¢ Scquance & Ramachandran regions & Moscfavourd O Allowed [ tzenerous B 1nisaDoned

) o A i oMoy T ok L i g G tME X g ma oy X UL ow
ParTtInRRLYTIR . P T TR T TTRRNT LT TLRT 2 : >
' ' W 128.7 1345 1060 1na 1.3
I Max. deviaden (rec linting) i h 3 = d T
Aleu 19 Alew 19 Alye 20- A0l 21 A Al 22-Alw 23 Al -4 Aap 25 A Asp 23
o orma g OBTRL 0w e o x W gmox o e ok g
W \”% W’ W s 1z
¥ ok i [y ok [
A The 28-A Iy 17 A val 32 Al 34 A Asn 37 Alys 43 A Pra 44
LI T - B T TER - R S TT R L LLE I B Ty
i Tk % i h ¥
A Mer 48 Al 50 Al 54 A Az 59 Afzg 59 AAey $7-400 53
Tabc Ofipx
Tabc 10gs

Similarly we can look for deviations in properties and geometry from previous
data, e.g. Procheck http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html



http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html

Some of these e
checks are ; :
incorporated | < 2
within building fi’
and display :
programs, e.g. ‘
Coot 'Z
‘.."' ?

- .

||t s CUse/EdisDestopGind oveal bos-cool-11_sine 001 p_oecule mamber 0 reaed v

http://www.ysbl.york.ac.uk/~emsley/coot/



http://www.ysbl.york.ac.uk/~emsley/coot/

The validation
option gives many
options on how to
check your
structure against
the data and
against
stereochemical
restraints and
previous structural
iInformation
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m...ates file C:/Users/Eddie/Desktop/Gind\overall_best-coot-11_refine_001.pdb. Molecule number 0 created.




Known knowns — we know what not to
expect

S=1ES

{= Quick Guide to characteristics of metal sites in proteins - Windows Internet Explorer

There are many

@.\:‘/ - |g, http:fftanna.beh. ed.ac.ukfggs. htm V| | X |marjarie harding metal bond | Jelid .
: File Edit Wiew Favorites Tools  Help Sou rces Of typlcal
: @ - .
: = : ——— bond distances, e.qg.
b [@QuickGuide to characteristics of metal sites in proteins ] l & - B i v |:op Page ~ iCF Tools ~
QUICK GUIDE TO CHARACTERISTICS OF METAL SITES IN PROTEINS St . P t . t
metal Na Mg P K Ca Mn
sodium magnesium potassium calcium manganese
atomic no. (= no. of electrons) | 11 12 19 20 25 http.//tanna bCh ed aC uk/
usual ion Ma+ Mg2+ K+ Caz+ Mn2+ (MI"I3+} hd " . . "
usual donor atoms’ O m.chain O of asp.glu O m.chain O ofasp.glu, | O of asp.glu
for more detail see O of asp,glu O m_chain O of asp.glu, 0 m.chain M of his
other donors sometimes found | O of ser thr O of ser.thr O of ser.thr 0 of asn,gin 0 m.chain
(and occasionally found) O of asn,gln O of asn.gln O of asn.gln O of serthr O of asn,gln
(M of his) M of his (M of his) (M of his) 0O of serthr
usual coordination number(s)® | 5.6 6 5.6 6 5.6
other coordination numbers® 47 345 478 4578 47
typical® distance A) M-O 2.35-2.45 2.05-2.15 275285 7+ | 235245 2.15-2.20
more info MM e 2.2
Ms | e 235
relative abundance® in PDB 96 177 72 358 109
link to lists of examples® Ma groups Mg groups K _groups Ca groups Mn groups
** chlorophyll groups, containing Mg. are common, but naot included here
|lpane € Internet H100% -


http://tanna.bch.ed.ac.uk/

Known unknowns — we know when we have
something we don’t know

X-rays are diffracted due to
Interactions with electrons
In the atoms.

The data we produce is a
map of electron density.




Known unknowns — we know when we have
something we don’t know

If we plot electron
density maps as:

(Two times the observed
data — the calculated
data) in blue (2Fo-Fc)

And (the observed data
— the calculated data)
and color this according
to negative (red) and
positive (green) (Fo-Fc)

We know we have
something we don't
Know.




Known unknowns — we know when we have
something we don’t know

If we model the
correct atoms, i.e.
a zinc finger motif
then the maps
tells us that we got
It correct.

File Edit Calculate Draw Measures Validate HID About Extensions
@), Reset View [ Display Manager

| GEHEDNEALEFTOO

We can adjust our
® model to add the
‘known something
we didn’'t know'.

I
L.H,,,ates file C:/Users/Eddie/Desktop/GInd\overall_best-coot-11_refine_001_pdb. Molecule number 0 created._ | E—




Unknown unknowns — The R-factor

I o< | F(hEL)|? p_ X ||F;;||;ﬁ|fme.f||

The X-ray intensity for a
particular reflection (hkl), I, is

measured, F, is related to the The R factor — small is good.
measured |.

A small R-factor indicates
minimal differences between
the electron density

The X-ray intensity for a
particular reflection (hkl) can

also be calculated from the calculated for the model and
model, I, Is calculated, Fc, Is that calculated from the

related to the calculated | and observed data.
the model.



The R-factor — What does it mean?

_ Z ||F-5-bs| — |F-:'|1|!-:'||
Z|Fﬂbs|

R

If the observed measurement is in complete agreement with the
calculated measurement then R will equal zero.

If there is disagreement then R will be finite. R is expressed as a
percentage and is typically a little better than ten times the resolution for
a good structure.



The R4 .-factor — What does it mean?

_ Z ||F-5-bs| — |F-:'|1|!-:'||
Z|Fﬂbs|

R

Some 5-10% of the reflections are not used to calculate the model.
These are used to calculate an R

When the model is improving, i.e. it is accurately explaining the data and
both the R and Ry, should reduce during refinement. Once the Rfree
stops reducing the model is being overfitted to the data — it is losing
accuracy.



Atom ID Residue name

Residue number
B factor

ATOM 58 N LEU A 8 21.906 31.721 -0.789 1.00 11.49 N
ATOM 59 CA LEU A 8 21.726 31.982 0.631 1.00 10.44 C Atom
ATOM 60 C LEUA 8 20.912 30.860 1.284 1.00 10.51 C
ATOM 61 O LEU A 8 21.191 30.474 2.422 1.00 10.37 0 tvpe
Comment arowm 62 CB LEU A 8 21.066 33.358 0.859 1.00 11.15 C yp
ATOM 63 CG LEU A 8 20.854 33.696 2.336 1.00 10.23 C
ATOM 64 CD1 LEU A 8 22.195 33.727 3.068 1.00 10.73 C
ATOM 65 CD2 LEU A 8 20.183 35.053 2.459 1.00 12.22 C

/ Chain Occupancy

Numerical sequence of atom _ _
X,y and z coordinates in

Angstroms

The B factor (or atomic displacement factor) describes how the electron is
spread out in space. A high B factor would indicate a high degree of uncertainty
in the atomic position and a potential warning sign.
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Borrowed from http://andersenlab.chem.washington.edu/CSDb/pics/amino-acids.png

The amino acids that form
the building blocks of
biological molecules

Let’s pay particular
attention to one of them
and the concept of
resolution
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Where does Reality come in?

« The model is accurate if it can be validated. The higher
the resolution then the more precise the detail in the
model.

 Remember, it is only a model that explains the data and
not data that explains the model.



Examples of Publically available software

Refilnement:

« Phenix, a software suite for doing just about everything with data but displaying the
structure: http://www.phenix-online.org/

« CCP4, similar to Phenix but covering a broarder area of application and including
validation and display components:http://www.ccp4.ac.uk/main.html

« CNS, Crystallography and NMR system: http://cns-online.org/v1.21/
Validation:

 Excellent tutorial on validation:
http://xray.bmc.uu.se/gerard/embo2001/modval/index.html

* Procheck is a good validation example:
http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html and is incorporated
with CCPA4.

« MolProbity allows both validation and fixing the model:
http://molprobity.biochem.duke.edu/

« Direct valisation through the PDB: http://sw-tools.pdb.org/apps/VAL/index.html
Display:

* Coot (also includes validation routines): http://www.ysbl.york.ac.uk/~emsley/coot/



http://www.phenix-online.org/
http://www.ccp4.ac.uk/main.html
http://cns-online.org/v1.21/
http://xray.bmc.uu.se/gerard/embo2001/modval/index.html
http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.html
http://molprobity.biochem.duke.edu/
http://sw-tools.pdb.org/apps/VAL/index.html
http://www.ysbl.york.ac.uk/~emsley/coot/
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