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‘Where to go next and not loose ‘“all’ your hair

Edward Snell
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Cambridge, 1953. Shortly before discovering the structure of DNA,
Watson and Crick, depressed by their lack of progress, visit the local pub.



Cytochrome C Cycloxygenase Light harvesting
oxidase o complex

ATP ' ' Rhodopsin

Synthase Cyotchrome b-C1 Photosystem |
complex ‘ Photosynthetic
reaction center
Nucleosome
TATA-binding protein/ DNA
Topoisomerase Transcription factor I1B polymerase

Catobolite gene
Activator protein
RNA
polymerase

repressor

Nuclesome

Form (or structure) gives a clue to the function.

Adapted from Molecular Machinery: A tour of the Protein Data Bank, http://www/rcsb/org
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Crystallographic information provides an average
picture of the macromolecule

Biological information is also needed to explain
that picture.



The research proposal

Aim 1.

Aim 2.




80% of crystallization
Is failure




Failure ...

| have not failed. I've just found 10,000 ways that won't work —
Thomas Edison

Failure is instructive. The person who really thinks learns quite as
much from his failures as from his successes — John Dewey

A life spent making mistakes is not only more honorable but more
useful than a life spent in doing nothing — George Bernhard Shaw.

Genius is one percent inspiration and ninety-nine percent
perspiration — Thomas Edison.

Crystallization is one percent inspiration and ninety-nine percent
optimization — Unknown crystal grower.

Rule 2 — Be an optimist.

Garbage In, Garbage Out — From a syndicated article about the first
stages of computerisation of the US Internal Revenue Service that
appeared in several US newspapers on 1 April 1963.



The Essence of Crystallization

There are known knowns. These are thing
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.

 Rule 3 - Write everything down.

Shamelessly copied from a slide by Ted Baker


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

Simplified phase diagram for crystallization
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Rule 4 — Know this diagram by heart.



a) Microbatch crystallisation technique

Paraffin oil Protein solution + Precipitant

Y

A
1

Terazaki-type microtiter

b) Vapour-diffusion techniques

Hanging drop Sandwich drop Sitting drop
Protein solution + Precipitant Glass cover slip Micro-bridge
Vacuum —= I
grease Y
A
[
Precipitant 24-well tissue culture plate (Linbro plate)

c¢) Dialysis crystallisation techniques

Capillary dialysis Button dialysis

L Lid —»[—
Vacuum —]

grease

Capillary
Protein solution —{

Rubber ring
Precipitant

Membrane Button

Crystallizing
Macromolecules

Many different methods but

they all have things in
common:;

They are designed to
traverse the crystallization
phase diagram.

They use many different
kinds of solutions to
sample crystallization
Space at many points.



Simplified phase diagram for crystallization

a) Microbatch crystallisation technique

Paraffin oil
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Pratein solution + Precipitant
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Different techniques traverse the
crystallization space differently.
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What results can we expect to see?
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Precipitation zone

Single

Sieawers of
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Experiment
dehydrates
over time

f(MacromoIecuIe Concentration)

Undersaturation

>

f(Precipitant Concentration)



Typical situation, multidimensional area sampled
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The HWI crystallization
cocktail screen.

The 1536 diverse chemical
cocktails (Luft et al., 2003). The 984
in-house conditions comprise an
incomplete factorial sampling

of 36 salts, eight buffers, and 5
different PEGs.

The remainder of 1536 cocktails are
comprised of commercial screens
available from Hampton Research.
Specifically, in order of use; the
Natrix Screen, Quick Screen,
Nucleic Acid Screen, Sodium
Malonate Grid, PEG/lon, PEG 6000
Grid, Ammonium Sulfate Grid,
Sodium Chloride Grid, HT Screen,
Index and the SaltRx screen.



T S A 1 S N - A VN - T -3 - R T e A N N ¥ S -2 R VA |

Bromide Chioride Nirate
o &

5
I Lithiurm E
[ Bromie T Chiorde Aostte G Sulhate Chionde

93 89 100 101 102 103 104 105 106 107 108 108 110 111 112 113 114 115 116 117 118 118 120 121 122 123 124 125 125 127 128 120 130 131 132 133 134 135 136 137 138 130 140 141 142 143 144

Acetate Bromide Carbonate Chioride Nirate Fhosphate Thiocynate
145 146 147 148 149 150 151 152 153 154 155 196 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 166 187 168 189 190 11 197
Sod

Rubidiurn_| odium
Croze | B T o T Niyis e T e T ot el [ Tessprme
83 104 195 19 197 195 100 200 201 202 203 20 205 206 207 206 208 210 211 212 213 214 215 6 217 216 219 220 221 222 273 224 2% 226 227 2% 29 T 731 732 23 29 75 7% T
Zinc Cobalt [ Cithm
| Acetde Phosphate dibasic Sulfate heptatydrate | Phnsnham mhasw Thiocynate mon|
FEEE]
t Ao

Highly soluble salt, cation and anion screen

Bromide
240 247 243 244 245 246 247 245 240 250 251 257 753 254 255 3% 257 250 260 %60 7b1 267 753 264 265 66 267 260 250 270 271 272 273 274 276 376 217 278 219 280 261 262 263 284 285 286 24T 288

PEG 20000 20% (vi] T T PEG 20000 20% (viv) PEG 20000 20% (]
Ammanium | [ Cirium [ Mgesim | [fanganes] Pofassum [ Rubidum
Gonde |t Phogian fupn e s o] oons || oo | oz I oo | _Gode i T e
265 %0 291 202 793 7% 2% 76 267 298 299 300 301 307 303 304 305 306 307 308 308 310 311 312 313 314 316 316 317 318 8 0 31 32 323 3 5 W6 377 W 1o 3 W 33 13 B 3B 3
PEG 20 % PEG 20000 40% (v PEG 20000 40% {viv]

A
ot = [ el v T wraesim Aomankm 1 \DM G Vagresm

Srise | Conse | oty [ve] Prosms raip eeme o e | mesprae e fromo]_ones | e moras | e | [pem ST I T I T
337 338 339 340 34 362 343 344 345 346 347 343 365 35[I 351 352 353 354 355 3B 357 358 358 360 361 362 363 364 365 366 367 368 360 370 371 372 373 376 375 376 377 378 379 380 381 382 383 384
I PEG 20000 40% (viY) T T 1 |

[

[ Potassium [ Ruboum | Sodun TzZinc| [cobar | Ut |
[derajcetaf_Bromide [Cabonale] _Chioride | Nirale Josph] _Thiccynate | Chlonice | Bromide | Ofiorde | Wobbdde | Nirale ] |UFate Peptahydrd Sufdle | | Phosphate]
385 6 37 388 39 3%

[Armmariur —— PEG 20000 Screen
Triocynat Wit

301 302 393 394 385 305 307 308 390 400 401 402 403 404 405 406 407 408 400 410 411 412 413 414 415 416 417 418 410 420 421 422 423 424 425 426 427 428 429 430 431 432
T PEG B000 20% (viv]

[ Ammomu T Camum | T T Wagnesium T Potessium TR
| Broride Jhiorid _irate | Phosphate Sulphate | Acefale | Chioride | Bromide | Gfionide heetal] _Chioride Sufate_heeta] Bromide [ Carbonate] Chioride | Nirate [Phosphatefiocyn| Chioride
433 134 43 43 437 43 43 440 441 442 43 440 4@ 446 447 49 W40 450 451 462 453 454 455 4% 457 456 450 460 461 462 463 44 465 466 407 468 460 470 471 472 473 474 475 4o 477 i78 479 4@
PEG 8000 20% {v/v) T PEG EEIEIEI 20% (v/v) PEG 8000 40% {viv) [
o I T e I | T L emanium
] ot | T = R L T [ Suge | e | T T Tehtermanctaosphtsciata
i T i T A T G T 47 T T A7 107 T A ST S0 ST G 60 S 60 G 6 6T 5 e11 611 516 G 67 i 5 63 G625 & G £ 5 o7 e
[ 1 PEG 8000 40% (i) [ I PEG 800040% (/)
e | G T Weanszm | Porassum T Rt | o
S o | ot N e e e I e I e - e e e N I
575 530 531 537 33 534 6% 53b 637 538 530 640 641 542 543 G4 645 5@
PEG 8000 40% (uiv) T [ 1 [
Sodum T e hwm } [rass] Armonium Erganese  ffe— PEG 8000 Screen

] o | Triosuphate | o poptal Stmemonayicas|_fmapa] oo Jsume

547 548 £40 550 551 552 563 £54 £65 566 567 550 650 B0 6G1 5B2 563 564 RS 666 567 568 £BY 670 571 572 573 674 &75 A7B

T PEG 4000 20% (Vi)
et com | [ T Veanesim
577 478 579 580 581 582 583 584 585 586 587 989 589 590 591 592 593 594 595 596 597 9§98 599 600 601 €02 BO3 EO4 605 606 607 G0S G609 E10 611 612 13 614 615 616 617 618 619 620 621 622 623 624
PEG 4000 20% (V]
e | ] oo I I I e e
T e e I e B I

55 o T 67 W 6% W2 o T 6 6% o7 W e S0 BT 57 695 i G 645 BT 548 643 W 6T

557 £53 654 B55 Bo6 667 650 650 BBD BBl

meriam agasim Poasm P Sodum
[ r=s eovasrtrad  Gams | Conse | romte e coorde o] oeme | o[ Gborms | oo | erme [Pt ot Toomas | e i friona]_wovpims i
673 674 675 676 677 678 £79 680 681 682 G683 G684 685 636 687 683 G689 G90 G691 E92 693 694

Sotum Zre o] Lthim | assom | semariom Meganese Megnasm PEG 4000 Screen
e N e B el e e e
595 6% 97 69 b9 700 701 707 703 704 705 706 707 705 709 710 711 712 713 71a 715 716 717 716 719 7%

I PEG 100020% (v}
\ ot Fatior] __ twm Vegnesim T Monganess
] T e mrorfoptate] i friowaprorial oo ot herhyirae | _chieice
I N T I T W Y L 0 o W O M T A e W T 0 G M 0 Ol
PEG 1000 20% (/%]

=

T P T Fottiom | ot

s e o] oo | conae | ol el Woipdae | e foramareon I <

R0 £ 0 A O N O O O T T o G G E W MR
PEG 1000 40% (viv)

ey T cooun | o) T | Posum T o
e[ Prophan | T | coares

I
2T I S O N Y
| Hrate.

aoh b e

Faresrage | T

It raa] P morsass ] e e T S| S e I e o e | e
517 616 615 G20 621 622 623 624 625 620 637 0625 629 630 631 632 633 631 6% 636 637 638 638
| PEG 1000 40% (viv) |

[
Sudum [ e [mem  Utom | Pomsum | Avooium | Wonganess hgnesum <+ ‘ PEG 1000 Screen
miol Chlords | Wohpde | Wi hognd e fespho]  SuEm | Prophme | Toomas | Sue | tewe] |
G40 541 642 643 644 045 6ib 87 G45 049 GAD 51 052 553 G54 6% oo G5 556 G50 Bo0 Gb1_B62 Gb3 BAA
T PEG 400 40%(vAv] PEG 400 40%(vA]
PEG 400 Screen — [ ermorium T Cabiam | o I

e M T e e e e IS | } ForideFrions

G5 550 87 068 80 870 871 972 873 874 &% §70 877 678 70 A0 691 0% 0% 9e 095 090 807 8e0 020 9o0 801 92 03 004 095 006 097 800 890 000 901 902 003 604 405 006 037 9oe
PEG 400 40%(iv)

T s Som E P TN )

e | Promham mennta e omise Prionafovpi] e [Pospraemonobase] s R e I

o] ey T G Frimodoreid] =
515 i s o 57 G o0 G G 07 7 521 W G oir o 5% T 9% A 995 s 5 W a7 555 5% G0 G 51 043 a4 O% o 91T G o1 L 35 551 3 051 iss 0% 7 9. a5 B0
PEG 41 0 PEG 400 20% (/Y] E 50%

Wagpeznm Fermario o] s rgane s rgand] Sodum
Wits | Oromide | CHods [Nt ghtemonct]  Promphaeditasis \sm\nm\ p\mq B mmwﬂ Gioide \ e FHandstDﬂand{ = | e ram\ Trooyae mm( T T
w w w ot T o wm w m e w o wm ow W m o o0r 1002 o 100 1005 00007 ooa]
| [T 1 [ T FEG 4EIEI 0% (viv] \BD% \
Sodum [ sodum [ e | etmsiom | Gt o T venganes | wagneaum |
e I e B e e e e e = |

The HWI crystallization
cocktail screen.

The 1536 diverse chemical
cocktails (Luft et al., 2003). The 984
in-house conditions comprise an
incomplete factorial sampling

of 36 salts, eight buffers, and 5
different PEGs.

The remainder of 1536 cocktails are
comprised of commercial screens
available from Hampton Research.
Specifically, in order of use; the
Natrix Screen, Quick Screen,
Nucleic Acid Screen, Sodium
Malonate Grid, PEG/lon, PEG 6000
Grid, Ammonium Sulfate Grid,
Sodium Chloride Grid, HT Screen,
Index and the SaltRx screen.



What do we see from the data?
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What do we actually see?

Plate Number 6 Well Number 556 w—— s . =

Q
1536 WellPate Specifcati Optimize crystals by screening
o oy vizom Tt 1342 7 around the hit conditions, i.e. 0.1 M
*Composite Informat ammonium phosphate dibasic, 0.1
Cocktail #: 7_C0556
R Arenoru hosphte dibasic (NHAZHPO) TAPS pH 9 and 20% (W/ V) PEG
] 33;?;,‘35’3'55”4%00 ) 4000




If we plot the results in chemical space the road

becomes clear
oH 10 9 8 7 6 5 4

20% PEG 20K Bad

Small to

20% PEG 8K

large Small to
20% PEG 4K Grid Grid

20% PEG 1K




f( Macromolecule Concentration)

Chemical space provides a vector for optimization

In this case the path from
precipitate through crystals to clear
is obvious. The phase diagram is
reversed. Also clear are the
number of chemical conditions that

Ubiquitin, 40% PEG, 0.1M zinc acetate

pH 8 7 6

have not been sampled.

PEG 8K

PEG 4K

Precipitation zone

PEG 1K Crystals

PEG 0.4K

Undersaturation

>

f(Precipitant Concentration)



It also illustrates the space we do not sample

>

f(MacromoIecule Concentration)

Undersaturation

Solubility curve

»-

f(Precipitant Concentration)

We only sample discrete points within the sampling space



Numbers — the quantity of data

AutoSherlock "

“"Because scientists would rather spend less time organizing
their data, and more time learning from it.”

As of the New Year:

Over 850 laboratories sending samples (multiple samples from PSI centers)
Over 9,500 different macromolecules to date
Over 14.5 million images

Over 3000 years of computing time spent analyzing 1% of those images
A difficult task to easily visualize results.

Develop automated procedures.
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n to produce crystals i
t with the predominant
variable being pH. Although
scribed as a sparse matrix
e number of samples is smal
nd the distribution in chemical
space wide therefore it is difficu
to relate results from one
condition to results from other
conditions. This is the primary
reason that crystallization today
is target focused.

i LES

Formate 0.4M B11 B12 C1
dihydrate | 0.7M c2

Sulfate 1.0M G1 G2 G3
hydrate 1.8M G4 G5 G6
Lithium

Sulfate 0.8M F7 F8 F9
monohydr| 1.0M F11
ate 1.5M F10 F12
Potassium
Sodium 0.6M H1 H3
tartrate 1.2M H2 H4
Thiocynat
e

0.5M H5 H6 H7

DL-Malic acid
| 1.2M } c9
2.2M
Succinic acid
| 0.5M \ E1l
1.0M
Tacsimate

35% H11
60% H12 /

The Commercial Screens in the HWI
crystallization cocktails

The commercial screens incorporate several distinct
mechanisms of sampling the crystallization space. Examples
are shown here.

The SaltRx screen samples 22

concentration and pH.

—| true sparse matrix whq
. || can be related in term

C6

& || chemical space.

c9
D6 DI1T Cl C5 ClZ
D7 c4 Cc11 D12
D8 D9 D2
D10 D3
D5

E1 E9 F2 F8 G4 H3
E2 E10 F3 F9 G5 H4
ES] E11 Fa F10 G6 H5
E4 E12 F5 F11 G7 H6

crystallization salts wiifa=ansiac

A number of Grid screens are
incorporated, in this case
Sodium Chloride. These provide
a fine sampling of a small
subset of individual conditions
and serve to indicate the
sensitivity (or lack of it) to small
changes in precipitant

E5 F1 F6 F12 G8 H7 e
e # | e | e | w (I conditions.
E7 G2 G10 H9
Es G3 G11
G4 G12
H1
Sodium Chloride
Conc pH
™ 4 5 6 ! 8 >
1 Al A2 A3 Ad A5 A6
2 Bl B2 B3 B4 B5 B6
3 C1l Cc2 3 c4 (©5] C6
4 D1 D2 D3 D4 D5 D6




A special case — The Hampton Research Index Screen

Hampton Research Index Screen
Note, the HT screen is not a convential screen as such. It is designed to sample a range of reagents and provide an indication of the
appropiate chemical area and variables that w ould be appropiate for crystallization and should be used in this manner.
> ] £z o
E 2 () E Q 9 Fofe: © O =
o 2 > = = ~ o = = L cwn = 0
23|59 Ak S2 | B39 |sgzi| | 5B -
pH Q N =] % c £ g ° % s 2 = T g T > = % = >
52 52 1 28
&3 2 £85 £ 28° E3% | 3P g°
[} o n <
pH 0.3M| 0.5M pH pH pH pH
35| A1 | A7 5.6 | B5 B9 55 | C8 35 | D4 == D12
45| A2 | A8 6.9 [ B6 B10 6.5 [ C6 45 | D5 ’ E2
55| A3 | A9 B1 8.2 | B7 B11 85 | C7 55 | D6 El
6.5 | A3 | A10 B2 B12 Cc9 D7 E3
75| A5 | A1l B3 C1 2 C10 6.5 | D10 6.5 | E6
85 | A6 | A12 B4 c2 C11 D11 E9
C3 C12 2 D2 E10
Classic salt versus pH c4 D3 E4
C5 75 | D8 E7
7.5
) o o 85 | D9 E8
Hits here indicate that a variation of salt E11
concentration and pH in a grid screen
has a strong potential for crystallization 85 =
E12
PEGs and Salts as a function of pH PEG 3350 and salts
3.35K 10K |3.35K
[0} o| T o < Q
2| o g12 (8] ¢ EZ| S |go|r” || |B 0 & g
£ T |8e|l 3B |SelB g 55| & SE2| g | T |E ) = 1S
= 5 |8 G| ¢ | =% Q < o x| ® 2~ % = S | = o= ol S5|E & ©
i 2 55 © O = S o B 2= 5 ° I - = kel L ] s = 2 3|3 | 5
E |6 |22 e |eS|e|22|ec|E8|B2|E2| S| S |c|eS|85cL|as
pH | 3 ceE| 3|S5 |25|8[538| & |2 = « |535(g8S[eD|y | E
s| 558 5§ |gs|5 |22 2ol |8g2|le|5|e|asled|2el88 2
E|S|E8l E|c2|E| & £5|3 |E2| S5 |8 |2|8°|5°|8¢8|r%| &
E| & |2 E|2 £ 5 SElE EZ| S |a |3 |R ? 2 B
< < | = < S| & ? a[= - a
55| F6 | F10 [ G2 [ G6 | G10 | F5 15 H5 H8
65| F7 | F11 [ G3 | G7 | Gi11 20 | H2 H3 H4 H6 | H7 H9 | H10
75| F8 | F12 | G4 | G8 | Gi12 F4 | 25
85| F9 Gl [ G5 | G9 H1 30 H11 | H12

Coarse test for chemical conditions likely to produce crystallization
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» Crystallization is one percent inspiration and ninety-nine percent
optimization — Unknown crystal grower.

 Rule 2-Be an optimizer



Ammonium Sulphate (%)

15 1

Crystal size

Xylose Isomerase (mg/ml)
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Three basic methods:
batch, vapor and liquid

Vapor

Batch -
A (also known as vapour) Liquid



Batch in a Vial: Set up

T L
Precipitant D + D
solution

Sample solution

Walit

= Crystals

\IYSS

(or not)

See rule 2 /



Vapor Diffusion Setup

Grease rim for
air tight seal
(cue bad joke)

Add sample
solution

s

I

—0Q

—O

Precipitant
solution

Walit

Precipitant

= Crystals

(or not)

solution /
See rule 2



Dialysis Experiments
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Hampton Research - Windows Internet Explorer,

@@ - |E http: jfhamptonresearch. comfgromth_101 _lit. aspx A

|| K

hampton eresearch

|
|28

File  Edit Wew Favorites Tools  Help

‘@-

i} ’1& I g Hampton Research [_l

Home | Product: ick Order | Customer Service | Tech Support | Conta

HampPTON

ct Us

RESEARCH

Home | Tech Support | Crystal Growth 101 Literature

Crystal Growth 101 Literature
Are you looking to get started in crystallization? Check out some of our Crystal Growth 101 guides to help you.

Inorganic or Biclogical Crystals

I= it protein or is it salt? & Download

Crystallization Buffers Table

24 well plate format scoring sheet for screening and optimization.

Preliminary Sample Preparation

What to do and what not to do while preparing your sample for & Download

crystallization.

Crystal Growth Techniques

There are several techniques for setting up crystallization experiments B Download
(often termed "trials") including sitting drop vapor diffusion, hanging

drop vapor diffusion, sandwich drop, batch, microbatch, under oil,

microdialysis, and free interface diffusion. Here we offer an overview of

these crystallization techniques.

Hanging Drop Vapor Diffusion Crystallizati

The hanging drop wapor diffusion technique is the most popular method & Download

Entire Site

Reck Cut

Vigw Ordar /

Request Our Catalog Vol. 17 m

TECHNICAL T

Tel: 949-425-1321
Fax: 949-425-1611
Email: tech@hrmail.com

Hampton Research
34 Journey
Aliso Viejo, CA 92656-3317
Toll Free: 800-452-38%9

Table of frequently used crystallization buffers and their useful pH B Download Tel: 949-425-1321
range. Fanx: 545-425-1611
Crystallization Scoring Sheet 7:00 am to 5:00pm
Monday - Friday
% Download (Pacific Standard Time)

Useful websites:

www.hamptonresearch.com

for the crystallization of macromolecules. The principle of vapor [

H100% -

0 Inkernet



http://www.hamptonresearch.com/

(= http:fhamptonresearch.com/documents/growth_101/3.pdf - Windows Internet Explorer

6\“_—; - |g, http:/ihamptonresearch.comidocuments/growth_101)3,pdf v‘ 44 [ X% |hamptun eresearch ‘ ol

File Edit GoTo Favortes Help
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Hanging Drop Vapor HAMPTON
Diffusion Crystallization —
Crystal Growth 101
The hanging drop vapor diffusion technique is the most popular method for the crys- 5. Holding the cover slide with forceps the Pen Vac, or on the edge between your
tallization of macrommolecules. The principle of vapor diffusion is straightforward. & thumb and forefinger, carefully yet with out delay invert the cover slide so the drop
drop o posed of a mixture of sample and reagent is placed in vapor equilibration is hanging from the cover slide.
with a liquid reservoir of reagent Typically the drop confains a lower reagent con-
centration than the reservoir. To achieve equilibrium, water vapor leaves the drop 6. Position the cover slide onto the bead of grease on reservoir AL Gently press the
and eventually ends up in the reservoir. As water leaves the drop, the sample under-  slide down onto the grease and twist the slide 45° to ensure a complete seal
H goes an increase in relative supersaturation. Both the sample and reagent increase in
] concentration as water leaves the drop for the reservoir. Equilibration is reached 7. Repeat for reservoir 2 through 24,
when the reagent concentration in the drop is approximately the same as that in the
Teseryoir. VDX Plate Tips
M « Note the VDX Plate has a raised cover to pratect the cover slides during transport
:ij and storage.
« To attess a drop and,/or reservoir siiply grasp the edge of the cover slide with
- F farceps or fingertips twist and pull gently
e figure 1 + VDX Plates can be stacked for convenient storage
Prosess el vaperdfiien. v (e can pipet multiple drops onto the cover slide. This technique is often useful
% when screening additives since one can use the same reservoir with multiple drops
£ Benefits of Hanging Drop Crystallization with each drop confaining a different additive. This technique can also be used to
- + Can be Cost effective screen different drop sizes and ratios versus the same reservoir. Use care not to
= + Sample and reagents in contact with a siliconized glass surface avold mixing the drops during pipetting, plate transport, and plate viewing
vd + Relatively easy acress to crystals
o + Can perform multiple drops {experiments) with a single reservoir. Using the Q Plate
E 1. Pipet L0 milliliter of crystallization reagent into reservoir A1of the ) Plate. (Nofe:
£ Using the VDX Plate Recommended reservoir tolume 05 to 10 milliliters)
© The VDX Plate is a 24 well plate manufactured from clear polystyrene, The VDX
= Plate is typically sealed with High Vacuum Grease (HR3-510) and Siliconized 22 mm 2 Clean a Siliconized 15 or Z2 mm Circle Cover Slide by wiping the cover slide with
Circle or Square Glass Cover Slides. The VDX Plate is also available pregreased. Rows  lens paper and blowing the cover slide with clean, dry compressed air. Pipet 2 micro-
. of the nlate are laheled A-D and colimns ate aheled 1-6 on the VX Plate. liters of samnle into the center of a Siliconized 18 ar 22 mm Circle Cover Slide (Moge: ]
= |Id drlnfz‘i) B’I|@ f_‘/‘ ‘ilH K oo
Dane & Unknown Zone

Nice 101 technical notes on
many basic techniques.

Other sites include:

http://www.moleculardimensions.com/

http://www.emeraldbiosystems.com/

Rules of thumb to convert vapor
diffusion to batch:

http://www.douglas.co.uk/convert.htm

Choosing a starting point for pH

http://www.ruppweb.org/cryspred/defaul
t.html

General crystallization phenomena

http://xray.bmc.uu.se/~terese/crystalliza
tion/library.html



http://www.moleculardimensions.com/
http://www.emeraldbiosystems.com/
http://www.douglas.co.uk/convert.htm
http://www.ruppweb.org/cryspred/default.html
http://www.ruppweb.org/cryspred/default.html
http://xray.bmc.uu.se/~terese/crystallization/library.html
http://xray.bmc.uu.se/~terese/crystallization/library.html

Bad news on X-rays

lonizing radiation can remove an electron from water:

H,O0*+H,0 H,O*+OH
And the ejected electron

The simultaneous formation of H and OH free radicals gives further reactions

H+OH H,0
H#H .  H,

OH+OH — H,0,

Your body, cells, protein crystals contain water, the body ~66%, crystals 30-70%.
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Processes of radiation damage

Primary, secondary, direct and indirect
radiation-damage events in a protein
crystal.

The incoming X-ray photons cause
primary damage events, represented by
darker stars. The paths of secondary
radicals are shown by dotted arrows, and
the damage events they induce are
represented by lighter stars. Direct
events occur on the protein molecules,
and indirect events occur in the solvent
region.

Primary effects are a fact of life, we
cannot prevent them. Secondary effects
can be reduced by cryocooling.

Effect on
Other ° ° ®
atoms

Image from Elspeth Garman

Se



Development of
cryocooling

Hope Acta Cryst. B44,
22-26 (1988) at 130K
with oil and spatulas.

Loop mounting, Teng J.
Appl. Cryst. 23, 387-
391 (1990) first
introduced a metal loop
which is now the nylon
loop we know today.

Cryocooling with loops
IS younger than
everyone that uses it!




100K Dry air

nitrogen or Ny
siream \ Hollow Fixing
Dry si metal pin SCIEW
or N, \ \ Ve
- top hat Gomniometer
. . head
\ holding /
g SCrew
Crystal . ™.
m fibre *
.. loop

X-ray beam
/ Metal
locating pin
Flat on side for T .
. Magnetic
self-opposing tweezers =
= rubber disc _ .
Metal support

for magnetic disc

Lateral vent

Courtesy of Elspeth Garman



Cryocooling — How?

» Cool the crystal fast enough so that
amorphous ice rather than crystalline ice is
formed (vitrification).

« To vitrify water cooling has to occur in 108s.
« Cryoprotectants extend this time to 1-2 s.

* A cryobuffer is the buffer the crystal is
grown in with the cryoprotectant added.

» The cryoprotectant replaces water, it does
not dilute the solutions.

» Visually clear is usually a good indication of
a good cryoprotectant condition.

* Collect data below 130 K, preferably as low
as possible but never above 140K.

Bad cryobuffer

Read any of the papers by Elspeth Garman listed at http://biop.ox.ac.uk/www/garman/publications.html



http://biop.ox.ac.uk/www/garman/publications.html

Cryo-buffers (make your own)

Look for similar crystallization conditions in other publications.
PEG < 4K — increase PEG, add small PEGs

PEG > 4K — add small PEGs

30% of cases — add 15-25% glycerol

MPD - increase MPD concentration

Salt — add MPD and/or ethylene glycol or glycerol

Salt — increase concentration/add salt

Salt — exchange salts

Note low salt concentrations need greater concentration of cryoprotectant
than higher salt concentrations.

Other cryoprotectants, DMSO, propanediol etc.
Butanediol is very effective but expensive.
(with thanks to Elspeth Garman for many tips).
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Drop on cover plate

Ideally minimize the amount of

liquid around the crystal while

maintaining the crystal covered
by the ligquid

The loop size should be slightly
larger than the crystal and used
perpendicular to the liquid.

The loop should be brought
up from below the crystal to
capture the crystal.

The loop containing the crystal
is rapidly raised and as quickly
as possible transferred to the
cold stream or plunged into
liquid nitrogen/propane.

If more than one crystal is
available more than one
should be mounted and

saved.

Getting the
crystal



Note:Every step must be as rapid and smooth as possible to prevent turbulance

Cryotongs containing
crystal cap, loop
and crystal

Stream blocked, e.g.
with a credit card or
hatel door key card

Nitrogen/Helium stream  ————————3

Stream blocked, e.g.
with a credit card or The cryotongs are opened
hotel door key card and rapidly removed.

Goniometer

Nitragen/Helium stream ————3»

Stream rapidly unblocked, e.g.
the credit card or hotel door
key card is rapidly and smoothly
removed,

Goniometer

Nitrogen/Helium stream @

Flash cooling in the gas
stream



Flash cooling by plunging

Plunge from side downwards into nitrogen.
This provides the fastest rate of change in
temperature from ambient to that of the

liquid nitrogen. 4 High

Boiling Nitrogen Temperature
gradient

Low

Liquid Nitrogen




Summary

Rule 1: Think

Rule 2: Be an optimist (or an optimizer)
Rule 3: Write everything down

Rule 4: Know the phase diagram by heart.

Most of all, try. If you get a crystal and get stuck at that point
there are plenty of willing hands to help out and many other
research opportunities open up.
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Have you ever wondered
why, no matter what
you do, you can never
get some of your reaction
products to crystallise?
Well, I've got news for
you, Eric....They DO
crystallisell But just

as soon as the crystals
form, we SPIRIT them
awayl We put them
HERE, Eric..!

They're all HERE. !l
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(, THE EVIL PIXIE OF ReACIoN MXILRES TAUNTS ANHER CHEMIST )
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