X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis priceless to a physical biochemist.” — van Holde
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Kevin Cowtan's Book of Fourier

o] & [l -

This is a book of pictorial 2-d Fourier Transforms. These are particularly relevant to my own field of X-ray
erystaliography, but should be of interest to anyone mvolved in signal processing or frequency doman calculations

Contents:
http://www.ysbl.york.ac.uk/~cowtan/fourier/fourier.html
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Kevin Cowtan's Book of Fourier Kevin Cowtan's Book of Fourier
http://www.ysbl.york.ac.uk/~cowtan/fourier/fourier.html http:/fwww.ysblyork.ac.uk/~cowtan/fourier/fourier.html

Here is our old friend; the Fouser Duck, and his Fouries transform: Duck Transform Amplitudes + Cat Phases
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Andhere is o new friend, the Fousier Cat and has Fourier transform Cat Transform Amplitudes + Duck Phases
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Kevin Cowtan's Book of Fourier X-Ray Crystallography
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Variablesthat influence crystal growth
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1. Natureof macromolecule— Purity and concentration of macromolecule

2. Natureand concentration of precipitant

3. pH / Temperature / Pressure

4. Level of reducing agent or oxidant

5. Substrates, coenzymes, and ligands / Metal ions

6. Preparation and storage of macromolecule / Proteolysis and fragmentation

7. Age of macromolecule / Degree of denaturation

8. Vibration and sound

9. Volumeof crystallization sample

10. Seeding

11. Amorphous precipitate

12. Buffers

13. Cleanliness

14. Organism or species from which the macromolecule was isolated

15. Gravity, gradientsand convection
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Types of Crystals

fors

Sea urchins. These often begin as sphendlites (see
previgus tulerial) or grow from a spherulite, They ere
extsemely thin nesdles clustesed around s single
sucleation site, Often they appear *fuzzy”. The white
azxows in this pictuse show three-dimensiona] ceystals
rowing from mdependent nucleation sifes in the same
desp

Needles.

Extremely thin needles growing from a single
Y L

would not cell this & *sea urchin® any longer Notice the
Jarge 3-D crystal growing in the same drop.

Needles. Still too many but at least they are single
needles The nucleation rate 55 too high which is why you
s 1y, endtoo thin T or
precipitant concentration or both. Another method s to
“put a Iy of ol aves the reservois i the vapor drop set-
up. (see Chayen , put seference here) See also the
Tutossal 4 on seeding

Plates. Two-dimensional Flates are usually considered
on improvement over needles. These are growing from &
singie nucleation site and overdaying each othes, which is

far fram optamal. Optimsze 0 grow them a5 sepasstely and
tharker

A three dimensional crystal. But check the
diffraction befare you get out the champagne.

hitp:/xray.bme.uu.se/~terese/

Welcome to the Home Page of Terese Bergforg

"The Protein Crystallization Page"
http://xray bme.uu.se/~terese/
Tutorial 1. Appearances can be deceiving!
Thn ferst thing you s that ty momhology, ste) of yous crystalis

HOT what i ipataat, Bauatiful Iooking Aiffiact iy
dffract sxcellently. The oaly defruisve proaf of a “GOOD" erysials s diffrackion pettern in the X-

18y biam. Thecefare, do not be musled by the sppesasice of Your erystal-mouen i and ehack it in
the beam.

Beauty is anly skin deep.

Dot be fooled by appescances. These crystals
may laok nsce, but they donit difract.

‘These are ugly. Ia.fact they ase 50 ughy you
peobably woulds't even bother 1o mourt them but
ihey dffract to 16A

Moral of the story: danit dweys g6 by the
appeaances of yous caystals. lis the Koray
deffaction pattemn that counts

With that said, you can mow continus the tutorisl
o interprsting your crystallzation drop.




Common Compounds used in Crystallization

Ammonium or sodium sulfate
Sodium or ammonium citrate
Sodium or ammonium acetate
Magnesium sulfate
Cetyltrimethyl ammonium salts

Polyethylene glycol 400, 1000, 4000, 6000, 15,000 (now also 2,000, 8,000, etc.)

Methods for protein crystallization

Batch crystallization (simply dump reagents together)

Liquid-liquid diffusion in a capillary tube
Vapor diffusion-the most successful method (hanging drop, sitting drop),
typically using aLimbro plate. Equilibration occurs between theliquid

and vapor phase.
Dialysis

Hanging Drop Method - Crystal Screening

The Experimental Setup

In order to obtain a crystal, the protem molecules mast assemble into  periodic lattice. One starts with a sobwtion of the protein with a fairly high concenteation (2-50

mgfl) and that reduce the colubility close to Byl and under conditions suitable for the formation of
afew nuclestion sites, small crystals may start to grow. Often very many conditions have to be tried to succeed. This is usually done by initisl sereening, followed by &

systematic optimzation of conditions Crystals should to be a few tenth of & mm in each direction S0 bs useful for diffraction experiments.

Hanging Drop
with Protein
R

Reservair with
Precipitant

Fight : The hangisg diop techusque. Center : 24 such banging diop esperiments are sot up in s Liskao plste, Right : & kit of diffesent screening sclutions, & set-up Linkvo plate, diskysis
‘outtons and a micyo batch plste behind o gruiormeter head.

The most eommon setup to grow probein erystals is by the hangis techaique | & Fow microli ion are mixed with an sbout equal amount of
seservoir solution cantaining the precipitants. A drop of this adxtuse is put on & plass slide which covers the reserveir. As the proteinfprecipitant mivtuce in the drop is
lnss than : we mized the protein solation with the reservior solution about L:1), water rvaporates from the drop into the
seservoir. As & result the concentration of both protein snd precipitant in the drop slowly increases, snd cryetals may fonn, There is a vasiety of other techniques available
such s sitling drops, dislysis buttons, snd gel and microbatch techniques. Robots are useful for sutomatic screenmg and optimizstion of crystallization conditions. We

have implemented  wob computing service of Brent Segelke's CRYSTOOL. an inherently efficisnt random screen for orystallization sonditions that you. can customize.
The main advantage is the i) ile size 8 zobot can handle butit needs some effort to set it up. Click here 10 leam more about the
IMPACI robot

Hampton Crystal Screen Solutions

=
Note :

| A mini-screen can be set up from the most successful candttions. Those are mdscated in the column lsbeled Miniscreen.

o amcelist of detergents commonly used in crystallization experiments
* pretty pictures
» CEYSTOOL efficient random screen made for you here on the WEB

Tube # SALT BUFFER Precipitant Miniscreen Tube #

[ 02M Calciumn Chioride [0.1M Na Acetate pH 4 & [30% wiiv 2-methyt 2,4-pentanediol ¥ 1

one [None AN KNaT: F
3 s INane AW Ammonium dihydrogen 3
[ one [0.1M Tris-HCI pH 8.5 2.0M Ammonium Sulfate ¥ 4
5 2N Iri-sodium cilrate |0.1M Ma HEFES pH 7.5 30% wilv 2-methyl-Z,4-pentanediol 5
[ .2M Wagnesium chioride 011 Tris-HCl pH 8.5 30% vty PEG 4000 6
7 one [0-1M Ha Cacodylate pH 6.5 1AM Sodium acetate trhydrate 7
8 2N tri-sodium cilrale [0 Na Cacodylate pH 6.5 [30% viv -propanol 8
] 2M Ammonium acetate [0-1M Na Girals pH 5.6 [30% welv PEG 4000 ¥ g
10 .2M Ammonium acetate [0.1W Na Acetate pH 4.6 [30% wiiv PEG 4000 Y 0

Ol Ammonium dibydrogen

" one I0.14 Na Cilrate pH 5.6 nnnspnala & "
12 10.2M Wagnesium chloride 10.1M Na HEPES pH 7.8 ED% wiv 2-propanol 12
13 10.2M tri-sodium citrate |09 Tris-HC1 pH B85 [30% viv PEG 4001 13
1 M Caltium Chionge 0.1 Na HEPES pH 7.5 [28% viv PEG 400 ¥ (oes) 0
15 M Ammonium acetate [0-11 Na Cacodylate pH 6.5 [30% wiiv PEG 8000 15
16 one [0.1M Na HEPES pH 7.5 [1.5M Lithium suffate monohydrate X 16
17 0.2M Lithium sulfate I0.1M Tris-HCI pH 8.5 [30% wiv PEG 4000 ¥ (2nd best 17

Using Oryx 6 for Crystallization with Microbatch
Microbaich opercrion is identical 10 IMPAX I-5
Very Fast. 240 wells/hour e st s http://www.douglas.co.uk/oryx.htm
o then 50 wellbour for scavening 011 perwel
2haore
S microtip Preloaried
o = S-bore microbp
F‘/ NSNS
W NSNS
Samples under oll Rirse sm:x Zouians, SANEI0E under of
Scroeaing Optimization
(Microbatch screening finds more leads Large diffracting crystals
[then VD in a given taee
Avtemaied Planual
MB D
[Proteins screened 6 3
Beresning sohutions & 3
{Runs 3 1
r\la)umep"wdl 141 Avap
[Total protein used 564 115240
|operstor time Ihe Iahs
ryetalization ottt S ———
condions found 2 h e T e o
[Unegue conditions 17 15 L.
7. Cortal Grumti. 162 (1996 1pp 170 114 or: bz v Aovsslnscomib g d e
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Tetanus Toxin € Fragmeni:

http://www.ccpl4.ac.uk/ccp/web-mirrors/lInlrupp/crystal_lab/Crys_lab.html

Plate Number 7 Well Number 629

1536 Well Plate

Plate Numiber: XD00003831 Well Mumbes. 0835
Dale [man-dhyl. 10-13-2004 Tiee [Hruanan} 16.38

Composite i
Cockiai # 5_C0629
Chemical |nfomation:
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X-Ray Crystallography
“If a picture isworth a thousand words, then a macromolecular
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f) Structure Solution — Phase Problem: MIR/ MR/ MAD
h) Refinements and Models

i) Analysis and presentation of results




From Protein Molecule to Protein Crystal ‘
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Figure 2.1. Regular two-dimensional array.

Figure 2.2. Three different grid systems referred to the array of Fig. 2.1.

Figure 2.3. Three-dimensional lattice, showing unit cell (heavy lines).




Unit Cell Selection is Based on Symmetry
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TABLE 16-1 FExamples of Cyclic Point Groups

NUM-
BER OF
ASYM- 3
POINT GROUP® METRIC CONTACT SYMMETRY
s HM  UNITS  TYPES ELEMENTS EXAMPLES"
N o]
C 1 1 TS w ‘c: H
2 none
{ 7 : N
-l _ _
Any polypeptide chain Formic acid
c H.
0
T o o v
c 2 2 i 7 1 '

Hemoglobin

Hydrogen
peronide

Examples of Cubic Point Groups

NUM-
BER OF
ASYM-  CONTACTS?
POINT GROUP* METRIC MAXI  MINI- SYMMETRY
5 HM  UNITS  MUM  MUM ELEMENTS EXAMPLES
Aspartate-3-decarboxylase®
Neopentane”
T Pi] 2 hi hi
3 2-fold
4 3-fold
o 432 24 hii Al or

hi

6 2-fold
4 3-fold
3 4-fold

Spherical Electron density
at low resolution

subunit model

Crystal Systems

(Crystal System Bravais Type(s) |[External Minimum Symmetry Unit Cell Properties
(Tricline L Hone 4 b, ¢, 4l be, ga,
Monochnic P.C One 2-fold anis, parallel b (b unigue)| 4, b, ¢, 90, be, 50
(Orthorhorisic |[P,1,F Three perpendicular 2-folds 2, b, c, 90, 90,90
Tetragonal P, 1 One 4fold ans, parallel o a, &, c, 90, 90, 90
Trigonal F.R One 3-fold ans 4, &, ¢, 90, 90, 120
[Hexagonal P One 6-fold axis a, 8, , 90, 50,120
[Cubic P, F,I Four 3-folds along space diegonal |[a, &, 90, 90,90
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TAELE 34 Space Groups in Standard
Symem Foint Group. Space Group Fracton
Triclinic 1 1 1z
1 Fi
Monoclinic 2 [ 2, cz 14
- e cm ce
2m C2Am Faye Pae cue
Orihorhombic 222 F12.2 F22.2, c122, 222
721,
mm2 2 Pma2 Peaz, Pre2
Pra2, Prn2 Comem2 Cme2,
bz Amal Abal Fmm2
Tba
mmm Pecm Prna
Pham Prnm
Phea Crmca
Crmma Fddd
Tetragonal n Fa, Ia [
Paln
Fa11 Pa,22 [
422
Pd.cm Panc
1 14,cd
i2m Fa; Pcz
Fim3 d
4l mmm Palnd e
Pi,fmme Painnm
Paytame 14fmem
Trigonal/rhombobedral 3 Py R3 e
32 Fa1z FazL ZXE) =X 3,12 73,21 2
R32
m P3m1 P3im P3cl Pile R3m R3c
im Pilm Piic Pimi Picl Rim R3c
Hexagonal s P& P, Pé, Pt P, Po, 2
& P
6lm Péim Péyim
62z P62z [ P62 P62 P62 124
omm Pomm Poec scm
Em3 Phm2 Phe2 Pi2m
o Pimmm  Péimec  Poylmem  Pyimme
Cubic FT) P23 F13 2.3 1724
m3 Pm3 Pn3 Im3 Fa3
ia3
a2 Pa32 P32 Fasz Fa,32 Tasz 4%
) P45z 143 - -
33m Fiim Fiim 133m Fian Fize 134
mim Pmim Pnn Pmin Prim Fmim Fm3c
Fd3m Fa3e Im3m la3d

The 11 Lave symmetries are separaied by horizontal lines.

TABLE 16-5 The 65 “Biological” Space Groups

CRYSTAL
SYSTEM

Triclinic

Manockinic

Orthorhombic

Tetraganal

‘Trigonalthombohedral

Hexagonal

Cubie

=
c

~sm=n%

P
e

MIMIMUM SYMMETR
OF UNIT CELL

2-fold axis parallel 10 b

3 mutually perpendicular 2-fold azes

4-fold axis parallel to ¢

fold axis parallel to ¢

-fold axis parallel 10 ¢

3-foldd axes along cube dingonals

UNIT CELL
EDGES AND
ANGLES®

ashac

avpEy
arbre

a=y= 5

T

amhae

a=f=y=9

a=bwe

a=f=y=0F

==y

ambwe

a=g=
= 120
a=bmc
a=f=y

DIFFAAC-
TION PAT
TEAN SYM

METRY®

am
Bimmm

m3

midm

SPACE GROUPS!

P2,P2
€

Fax
P4, (P4, PR, P4

[P321, P3I2]
(P32 P20, 1P3
P6. (P8, P6s)
Pby. (P, P
PE22, (P6,22, P6,2Y)
6,22, 1Py

2. PRI

F432, Fag2




EBPTI Space Group P212121

Ortherhombilc Unit Cell

FIrst molecule
Ametif, asymmatric unit)

Asymmetric Unit

Complete unit cell

Orthorhombic 222 P2,2,2, No. 19 P212'2=
D:
oi-
o T o- i S S
§
1o o]
=— .
s
Lo ] . S
Oh OQ J I e

Origin halfway between three pairs of non-intersecting screw axes

Number of positions, . . q .
juoer of potition Co-ordinates of equivalent positions Conditions limiling

and” point symmetry possible reflcctions
4 a T xpr b-xpd+n d+x]-pi fl+rd-z. Akl

Okl .
hOL: No conditions
hko: |
HOO: h=2n
0k0: k=2
00k 1=2n

Symmelry of special projections
(001) pgg; a'=a, b'=b (100) pgg: b'=b, c'=c (010) pgg; &'~c,d'-a

FIGURE 7.2 Part of a Page from “International Tables for X-Ray Crystallog-
raphy.”” Volume I.
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