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Macromolecule Concentration

Simplified phase diagram for crystallization
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Even simpler phase diagram for crystallization
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Start to throw some reality into the equation
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And reduce the chances of crystallization a little
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Add the experimental space we sample
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And the fact that it's not just two dimensions
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Lets introduce a typical crystallographer ...

Wile E. Coyote (Genius) And the crystal of interest ...

Road Runner
(Beep beep)

Overconfidentii Vulgaris Disappearialis Quickius

(Cristali Coltivatore Optimista) (Cristallio Perfetto)



And how the rules of the crystallographer relate to
crystallography ...

. Road Runner cannot harm the Coyote except
by going "Beep! Beep!"

. No outside force can harm the Coyote - only
his own ineptitude or the failure of Acme
products.

. The Coyote could stop anytime - If he was not
a fanatic.

. No dialogue ever, except "Beep! Beep!"

. Road Runner must stay on the road - for no
other reason than that he's a roadrunner.

. All action must be confined to the natural

environment of the two characters -- the
southwest American desert.

. All tools, weapons, or mechanical
conveniences must be obtained from the
Acme Corporation.

. Whenever possible, make gravity the Coyote's
greatest enemy.

. The Coyote is always more humiliated than
harmed by his failures.

10.The audience's sympathy must remain with

the Coyote.

. The crystal cannot harm the crystal grower

except by not diffracting.

. No outside force can harm the crystal grower -

only his own ineptitude or the failure of
Hampton research products.

. The crystal grower could stop anytime - If they

were not a fanatic.

. No dialogue ever from the crystal.
. The crystal will be on the path between

precipitate and clear - for no other reason than
it’s a crystal.

. All reactions must be confined to the natural

environment of the crystal.

. All tools, weapons, or mechanical

conveniences must be obtained from Hampton
Research.

. Whenever possible, make salt crystals the

crystal grower's greatest enemy.

. The crystal grower is always more humiliated

than harmed by his failures.

10.The audience's sympathy must remain with

the crystal grower.




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.



Catching Road Growing

Runners Crystals
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Crystallization is complex

How do we grow crystals?
*  Multiple guess?

* Intelligent design?

Set up many small scale experiments in conditions
likely to be favorable for crystallization

« Limited by amount of sample, time and effort.

 How many conditions is optimum? Divergent views
(we'll return to this later)

Lets do the experiment
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What results can we expect to see?
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What do we actually see?

File Wiew Window
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What do we actually see?

Plate Number 6 Well Number 556

Nurer 630

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




Remember how the rules of the crystallographer relate
to crystallography ...

. Road Runner cannot harm the Coyote except
by going "Beep! Beep!"

. No outside force can harm the Coyote - only
his own ineptitude or the failure of Acme
products.

. The Coyote could stop anytime - If he was not
a fanatic.

. No dialogue ever, except "Beep! Beep!"

. Road Runner must stay on the road - for no
other reason than that he's a roadrunner.

. All action must be confined to the natural

environment of the two characters -- the
southwest American desert.

. All tools, weapons, or mechanical
conveniences must be obtained from the
Acme Corporation.

. Whenever possible, make gravity the Coyote's
greatest enemy.

. The Coyote is always more humiliated than
harmed by his failures.

10.The audience's sympathy must remain with

the Coyote.

. The crystal cannot harm the crystal grower

except by not diffracting.

. No outside force can harm the crystal grower -

only his own ineptitude or the failure of
Hampton research products.

. The crystal grower could stop anytime - If they

were not a fanatic.

. No dialogue ever from the crystal.
. The crystal will be on the path between

precipitate and clear - for no other reason than
it’s a crystal.

. All reactions must be confined to the natural

environment of the crystal.

. All tools, weapons, or mechanical

conveniences must be obtained from Hampton
Research.

. Whenever possible, make salt crystals the

crystal grower's greatest enemy.

. The crystal grower is always more humiliated

than harmed by his failures.

10.The audience's sympathy must remain with

the crystal grower.
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Remember how the rules of the crystallographer relate
to crystallography ...

. Road Runner cannot harm the Coyote except
by going "Beep! Beep!"

. No outside force can harm the Coyote - only
his own ineptitude or the failure of Acme
products.

. The Coyote could stop anytime - If he was not
a fanatic.

. No dialogue ever, except "Beep! Beep!"

. Road Runner must stay on the road - for no
other reason than that he's a roadrunner.

. All action must be confined to the natural
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southwest American desert.

. All tools, weapons, or mechanical
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greatest enemy.
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the Coyote.

9.

The crystal cannot harm the crystal grower
except by not diffracting.

No outside force can harm the crystal grower -
only his own ineptitude or the failure of
Hampton research products.

The crystal grower could stop anytime - If they
were not a fanatic.

No dialogue ever from the crystal.

The crystal will be on the path between
precipitate and clear - for no other reason than
it’s a crystal.

All reactions must be confined to the natural
environment of the crystal.

All tools, weapons, or mechanical
conveniences must be obtained from Hampton
Research.

Whenever possible, make salt crystals the
crystal grower's greatest enemy.

The crystal grower is always more humiliated
than harmed by his failures.

10.The audience's sympathy must remain with

the crystal grower.
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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(MacromoIecuIe Concentration)

Undersaturation

Solubility curve

»-

f(Precipitant Concentration)

We only sample discrete points within the sampling space



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 Prophas 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 % (vIv PEG 20000 40% (v PEG 20000 40% {viv]
ot [ el v T wraesim Aomankm 1 \DM G S
Sriee | ovrze | Wt o] i Joason] e G| ozpras = T T 1 [ R e N T

e T e Posphas St o
337 338 330 340 341 342 343 344 345 346 34T 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 SEZ 363 384
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 | Thiosulphate | s fopha] Summondyiras| pospha] Topeyee [sutne

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
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

R T o T s G =

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
cocktall screen

The 1536 diverse chemical
cocktails (Luft et al., 2003). The
984 in-house conditions comprise
a 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.



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 =] F9 G5 H4
ES] E11 F4 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
s m | @« | @ | w [| 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
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Sherlock and Watson.

“We approached the case, you remember, with an
absolutely blank mind, which is always an advantage.
We had formed no theories. We were simply there to
observe and to draw inferences from our
observations”

Sherlock Holmes to Dr. Watson

| never get your limits, Watson. There are
unexplored possibilities about you.

Sherlock Holmes on Dr. Watson.

Two pieces of related software under
development;

« Sherlock to look at the individual
‘crime’, i.e. examine results from a
single macromolecule

« Watson to tell the complete story, i.e.

look at trends from many experiments. SHERLOCK HOLMES & DR WATSON
*THE REIGATE SQUIRE"™
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Watson looks at the complete
picture rather than an single 1536
screen of one macromolecule.

In this case crystallization results
for 106 macromolecues are
shown several weeks into their
growth. Only those samples
showing crystals are tabulated
here..

Dark blue indicates 5 or more
crystal hits in the 106 conditions,
medium blue is 3-4 hits and light
blue is 1-2. Grey shows other
conditions sampled (only 3
conditions) while white spaces
are un-sampled regions of the
incomplete factorial.
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The index screen is
working, it shows that
PEG is a good chemical
area to promote
crystallization

Hampton Index Screen



Sherlock and Watson — Current Status

Sherlock is currently being tested in the High-Throughput laboratory. The aim is to release it to
external users as a beta version in the near future.

There are several possible representations of chemical space available, only one was shown
here.

Currently it requires manual scoring of images. Developments in automated image analysis look
very promising and there is near certainty that we can automatically score clear and precipitate
images leaving a much smaller number of images to visually examine. Other research is
underway to automatically score these as well.

Watson is under development and at present is only being used by a limited number of testers to
analyze the performance of the HWI cocktails and commercial screens used in the laboratory.

Future work

To automatically flag patterns that may indicate potential regions for further exploration if a
crystallization hit does not occur. For example, two results showing clear and precipitate
separated by a long un-sampled chemically sensitive pathway.

To produce separate programs for other screens.

To incorporate time or temperature resolved data, predict the best optimization strategies or aid
the interpretation of current optimization techniques such as Drop Volume Ratio/Temperature
(DVRI/T) Luft et al., 2007.



How many samples?

In using chemical space mapping to
analyze a number of samples it has
become clear that 1536 is a good number
of experiments to try. It enables a wide
range of chemical space to be investigated
with sufficient detail to identify common
regions for crystallization together with
diversely separated regions where different
crystal forms may result

It is important to investigate not a single hit but as many hits as
you have sample. Visual observation only indicates a crystal,
not that it diffracts well or even if it is a macromolecular crystal
rather than salt or PEG. Spreading the effort among many hits
Is better than focusing exclusively on one.
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Summary

No experiment should be considered in isolation.

In crystallization screening when you have a sparse matrix, incomplete factorial or
any other designed sampling of chemical space the results build up a picture of
the crystallization landscape.

An experiment with no crystallization hits that which generates both precipitate and
clear conditions is promising when those conditions are separated by an un-
sampled chemically sensible direction.

You should know what crystallization conditions you examined but more
importantly how those relate to those that were not sampled.

Optimize as many samples as you can.
Check with X-rays as soon as possible.

The axis of crystallization space have a complex relationship with those in
chemical space. We have a limited understanding of those relationships and
hopefully Watson will reveal a better story from the >9000 cases we currently
have.

There are many more variables to explore!



Questions?
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