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Macromolecular crystallography rests on the discovery of X-ray diffraction by
Inorganic crystals (something that does not occur in nature).....

Max von Laue

Nobel Prize in
Physics 1914 '

... and the fact that macromolecules can be crystallized in pure form
(something that occurs extremely rarely in nature).....

THE DIFFERENTIATION AND SPECIFIC )

PROTEINS AND OTH
TO BIOLOGICAL CLAS

THE CRYSTALLOGRAPHY OF HEMOGLOBINS,

f
V4
John Wendel James
Northrop Stanley Sumner

Nobel Prize in Chemistry in 1946

But it was not until 1920's that it became clear

. . that these crystals contain pure macromolecular
Protein crystals have been know since the 19th entities..

century...



It was not until the historic work of the pioneers of protein crystallography, that the
physical methods of diffraction were used on protein crystals

John Desmond Bernal Dorothy Crawfoot Hodgkin Max Ferdinand Perutz
(1901-1971) (1910-1995) Nobel Prize in (1914-2002) Nobel Prize
Chemistry in 1964. in Chemistry in 1962.
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Historically, two alternative approaches to macromolecular
crystallization were developed:

Screening homologous proteins from
various sources using a standard
purification and crystallization procedure......

... Or screening one target protein against a
large set of precipitants, buffers, etc.
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A large number of screens have been developed and are available commercially from
different companies (e.g. Qiagen, below); the screens are most efficiently used with
automated liquid dispensers and all follow two main principles:

1. Salts, organic solvents and polymers (e.g. PEG)
are used as precipitants and additives

PreScreen Assay Fer identificaten of aptmal intal protsin concentratans

Classics Suite The classical suites for inftial screening of probeins

Classics Lite Suite The ciasssical sultes for initial screening of proteins

Salts

Cryos Suite The classical suites for intial screening of probsins

Classica | Sulfe

The classical sultes for Inftial screening of proteins

For sis of andpH Organies

For analysis of precip and pH

Opimized sparse matrix for Intial crystalization screening

For sysiematic analysis of the effect of pHanions. and cations.
Varicus sats af teo concentrations and four diffecent pHs
Various salts at two concentrations and four different pHs POl)I'ITlE[S
Polyethylene gycols of various molecular weights

Polyethylene glycois of various molecuiar weights

Ammonium sulfate, one of the most popular precipitants

e 2. Screening is carried out either on full grid,
Pl ey f et e incomplete factorial, or sparse matrix basis:

For intial screening of membrane proteins.

PreScreen Assay + Optimizing Suite
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For the anallysis of protein-protein complexes
[For initial screening of nucleic acids

For Rapid analysis of polymars. alchchols, and sals

Using an cptirized sesicton of condifons
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For rapid optimization of inSial crystalization hits

- Avaitable in this formae; l:l ot Avalable in this formal,  Also avalable: EasyXTal Refill-Hits and sfock sofutions in NeXTal Tubes.

Other screen manufacturers include: Hampton Research, DeCode
Genetics, Molecular Dimensions, NEXTAL, Jena Bioscience)
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Full grid

Incomplete
factorial

Sparse matrix:
this approach relies on
some prior knowledge



Range of precipitant
concentration change
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1 M (NH,)3SO, | 2 M (NH,),SO,

|

|

y Y

Standard sample ¢ ~ 10 mg/ml

Log (Protein concentration) —log (c)

\ 4

lonic strength (I) or polymer concentration (C)
E.J. Cohn’s equation: S, solubility;
B, theoretical solubility in pure water; I O S S B K I
K, salt dependent constant; I, ionic

strength of the salt




Not all conditions in used screens are equally effective in yielding crystals. According to
MCSG website ,out of 580 conditions selected from several screens, only ~300 produce
crystals. This is the basis for the formulation of next generation sparse matrix screens
(JCSG+, MCSG).
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Also, various precipitants appear to show varying different intrinsic propensity for
protein precipitation...
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Success rate of crystallization may be dramatically increased by the use of alternative
reservoirs and additives, rather that expanding the range of conditions

Available online at www.sciencedirect.com

& . e, . Y Journal of
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A macroscopic view of crystallization helps to understand the
crystallization, but only when it actually takes place — it does not help
us if our target fails to crystallize as it provides few useful guidelines

&

Surface Free Energy
AG,

Free energy (AG)

Volume Free Energy \
AG,

Thermodynamics of nucleation according to
Gibbs.

Erdemir et al (2009) Accounts Chem Res in press
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[Crystallizing agent]

vesctensuiided - Phgse diagrams for nucleation and

Seed crystal added

crystallization
Luft & DeTitta (1999) Acta Cryst D55:988

A microscopic view of crystallization is required to better understand
the molecular basis of protein’s resistance to crystallization...



1. Nucleation of proteins is initiated from ~200-
1000 % supersaturated solution in the form of
clusters which undergo self reorganization to
form ordered nuclei.

2. Transfer of molecules from solution to erystal
is driven by small (-10 to 100 kJ meol! ; or 25
Lkeal) free Gibbs energy change:
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This term depends on the bonds
formed at the crystal contact
regions, and is typically small

This term may be positive and
determining if enough water
molecules become released from the
protein’s surface upon crystallization

All entropic phenomena associated with the protein during crystallization are unfavorable:

> loss of degrees of freedom due to incorporation of molecules into the lattice which is an
unavoidable entropic cost of crystallization; 30 — 100 kJ molt at room T

> loss of entropy due to ordering of otherwise flexible loops, chain termini or domain
flexibility; the magnitude will vary and is impossible to estimate

» the structure of the crystal contacts and in particular the extend of entropy loss by side

chains trapped between the molecules.



What properties confer crystallizability on a
protein or protein complex?

The protein must have a surface that confers adequate solubility to
reach supersaturation levels required for nucleation;

The surface must contain patches with structured water solvent,
allowing for the ordering of nascent nuclei by mediating
thermodynamically viable intermolecular contacts;

There should be few, if any, unstructured elements that elevate the
entropic cost of crystallization, such as intrinsically disordered N- and
C-termini, long partly or wholly disordered loops, or flexible
carbohydrate moieties due to posttranslational modifications.

Other properties, such as the Gravy index and pl may be indirectly, but
positively correlated with crystallizability



The microscopic view of crystallization permits a rational attempt to
predict crystallizability from sequence features...

APPLICATIONS NOTE *

Structural bioinformatics

XtalPred: a web server for prediction of protein crystallizability

iski', Leszek Rychlewski?, lan A. Wilson',

Institute, ul. Lima

ey dificul

Example: human RhoGDI

Functionally Disordered in the absence of Rho, this
redundant fragment is responsible for nucleotide
exchange inhibition

N -

Crystallization class:
Crystallization class: |2

probability ——

Crystallization probability

Crystallization probability

probabili

Crystallization classes

Crystallization classe



When a protein target proves recalcitrant to crystallization,
we must resort to either homologue screening or the
following protein engineering methods*:

 Improving solubility through:
» Use of hybridoma or synthetic
antibodies

e Use of ‘in-line’ or insert fusion
partners

* Direct surface engineering
* Increasing stability
* Reducing the entropic barrier of

crystallization through:

» Construct optimization to
reduce flexible termini or loops

 Elimination of post-translational
modifications

sSurface entropy reduction
*)A review on this subject will appear in the new Edition of the International

Tables and as a Feature Article in Acta Cryst D



 Improving solubility through:

e Use of hybridoma or
synthetic antibodies

» Use of N(C)-terminal or
Insertion fusion partners

* Direct surface engineering

* Increasing stability

* Reducing the entropic barrier of
crystallization through:

» Construct optimization to
reduce flexible termini or loops

* Elimination of pOSt-transIatlonaI Crystal structure of full-length KcsA in its
modifications closed conformation

Serdar Uysal®®, Valeria Vasquez®®, Valentina Tereshko®®, Kaori Esaki®, Frederic A. Fellouse®, Sachdev S. Sidhuf,
Shohei Koide?®, Eduardo Perozo®™', and Anthony Kossiakoff*t!

.
. = =Department of Biochemistry and Molecular Biology, and ®Institute for Biophysical Dynamics, University of Chicago, Chicago, IL 60637; and
g “Department of Protein Engineering, Genentach Inc., 1 DNA Way, South San Francisco, CA 94080
Edited by Jol

o 3
hn Kuriyan, University of California, Berkeley, CA, and approved February 18, 2009 (received for review October 29, 2008)



 Improving solubility through:

» Use of hybridoma or synthetic
antibodies

e Use of N(C) terminal or
Insertion fusion partners

* Direct surface engineering

Structure of a signal transduction regulator, RACKI,

* Increasing stability

* Reducing the entropic barrier of
crystallization through:

» Construct optimization to
reduce flexible termini or loops

 Elimination of post-translational
modifications

eSurface entropy reduction

High-Resolution Crystal Structure
of an Engineered Human B,-Adrenergic
G Protein—-Coupled Receptor

lllllllllllllllllll . Resenbaum,™ Michael A. Hanson,
. Rasmussen,® Foon Sun Thian, Tong Sun Kobilka,® Hee-Jung Choi®?
ter Kuhn,* William 1. Weis,? Brian K. Kobilka,?t Raymond C. Stevens't
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 Improving Solub|I|ty through: What mutations should be made~

° Use Of hyb”doma or Synthetlc Amino acid at position 76 Solubility |[11"Lg,-'rml)‘a
antibodies Asp 43
o . . Arg 42
» Use of ‘in-line’ or insert fusion Sl 12
partners Lys 3
e Direct surface engineering = 1= Y
Asn 21
* Increasing stability o 20
] ] ] Iim 15
* Reducing the entropic barrier of Cys 12
crystallization through: val 1o
« Construct optimization to Tor 22
reduce flexible termini or loops Tos b
° E||m|nat|on Of pOSt-tranS|atI0na| * The error in these measurements is +10%.
modifications s weeomes
. J MB ScienceDirect ;ﬁ
eSurface entropy reduction

Amino Acid Contribution to Protein Solubility: Asp, Glu,
and Ser Contribute more Favorably than the other
Hydrophilic Amino Acids in RNase Sa

Saul R. Trevino', J. Martin Scholtz™?* and C. Nick Pace?*



 Improving solubility through:

» Use of hybridoma or synthetic
antibodies

o Use of ‘in-line’ or insert fusion
partners

* Direct surface engineering

e Increasing stability ———————————————-

* Reducing the entropic barrier of
crystallization through:

» Construct optimization to
reduce flexible termini or loops

 Elimination of post-translational
modifications

eSurface entropy reduction

Protein AH,? AS.P  T,C AT, 4 AAG™
Wild-type 91 284 47 8
T76T 95 293 514 3.6 1.0
T76Y 97 299 508 3.0 09
T76F 95 293 50.6 28 08
T76W 93 288 50.1 23 0.7
T76A 95 295 494 1.& 05
T76H 93 288 494 1.& 05
T76E 93 289 491 1.3 04
T76D 93 289 491 1.3 04
T76K 93 289 490 12 03
T76L 94 292 4538 1.0 03
T760 94 292 45.6 0.8 02
T765 92 286 486 0.8 02
T76R 94 292 485 0.7 02
T76M 91 283 454 0.6 02
T76N 89 277 454 0.6 02
T76V 93 289 432 0.4 0.1
T761 92 286 43.0 0.2 0.1
T7aC 64 199 477 0.1 0.0
T760 88 275 469 0.9 03
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* Improving solubility through: o opmeieme o |
* Use of hybridoma or synthetic )}: st ;A MT*‘-Z
antibodies : ~ e
* Use of ‘in-line’ or insert fusion
partners

* Direct surface engineering

Rapid refinement of crystallographic protein construct
definition employing enhanced hydrogen/deuterium
exchange MS

Denni

* Increasing stability

* Reducing the entropic barrier of
crystallization through:

e Construct optimization {0 ===l
reduce flexible termini or loops

« Elimination of post-translational e ———
modifications B

OSUrfaCe entropy reductlon ©SH3 BCR  N-SH2

© SH3 P BCR - N-SH2 = C-SH2 =~

Automated, high-throughput platform for protein solubility
screening using a split-GFP system

Pawel Listwan - Thomas C. Terwilliger -
Geoffrey S. Waldo



 Improving solubility through: N-X-S/T mutations
» Use of hybridoma or synthetic Not always necessary...
antibodies

o Use of ‘in-line’ or insert fusion
partners

* Direct surface engineering

* Increasing stability
* Reducing the entropic barrier of
crystallization through:

» Construct optimization to
reduce flexible termini or loops

e Elimination of post-
translational modifications

Crystal structure and statistical coupling analysis of highly glycosylated

.S u rface e ntro py red u Cti O n peroxidase from royal palm tree (Roystonea regia)

*, Alessandro S. Nascimento®,
sergey Bursakov 4, Manuel G. Roig?,




However, even the best behaving proteins seem to have at best 50/50
chance of forming crystals, while experimental data from SG pipelines
shows that only ~10 of purifiable protein yield X-ray quality crystals

20% 20%

TARGET CLASS
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m et
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APPLICATIONS NOTE '™ &% Gt iiiefins

RESULTS
Wobsersed sUCcesses
mobsersed failures

Structural bioirdormatics

XtalPr\ed: .a \l;v.eb server for prediction of protein crystallizability Data fro m h tt p ://WWW . m CS g . a,n | . g OV/

sz Jaroszewskl'. Leszek Rychiewsk?, tan A Wison',
Soxdzik'*




The role of entropy and polarity in intermolecular contacts in
protein crystals
A statistical analysis of crystal contacts in 821

Marcin Cieslik and Zygmunt S. Derewenda unambiguously monomeric proteins
Acta Cryst. (2009). D65, 500-509 crystallized in 51 different space groups

Is the crystal-contact forming propensity directly proportional to the solvent accessible surface area
presented by a particular amino acid?

;____‘_-——Q ]..O

A B Not in contact /0.9
- 1 In contact

The expected contact area (ECA)  y[

AASA
rECA = I'ASA( ASA ) 10° [+ %mcomaei ] |0
= L]
g "
S 10° g
=10 10.6 &
g &
= los =
(a) Relative frequencies of five categories of amino acids, i.e. aliphatic g 107 §
(Val, Leu, Ile), aromatic (Trp, Phe, Tyr, His), small (Ala, Gly, Ser, Thr, Z 10.4 g
Cys), charged (Lys, Arg, Glu, Asp) and other (Asn, Gln, Met, Pro), " lo3 &

binned as a function of rECA. The relative frequency in each bin is the
ratio of the number of residues of a given type to the total number of
residues. (b) The fraction of residues involved in crystal contacts as a 10°
function of TECA plotted for the five categories as defined above.

10.2
0.1

0.0 10.0 20.0 30.0 400 50.0 60.0 70.0 80.0
Expected contact area (A”)

No, the relationship is not linear. The more buried an amino
acid is, the less likely it is to form a contact. This can be
rationalized in terms of surface topology which seriously
deviates from ideality.




Are crystal-contact forming propensities a function of
physicochemical properties of amino acids?

1.0— . . - . T b S—
D s e

0.9}

0.8l -=- A!iphatic
2] - -- Diverse
207 - - Aromatic
S +—+ Small
q; 0.6} e—e Charged
0.5}
]
=
3 04}
I

0.3}

0.2} §

0.1

0.0 100 200 300 400 500 600 700 800

Expected contact area (Az)

(a) Relative frequencies of five categories of amino acids, i.e. aliphatic
(Val, Leu, Ile), aromatic (Trp, Phe, Tyr, His), small (Ala, Gly, Ser, Thr,
Cys), charged (Lys, Arg, Glu, Asp) and other (Asn, Gln, Met, Pro),
binned as a function of rECA. The relative frequency in each bin is the
ratio of the number of residues of a given type to the total number of

Given the same exposed surface, small and hydrophobic amino acids have larger
propensity to form crystal contacts than charged residues.




Logistic regression

Pi
In[ === 0+ Bty POLARITY + B, SCE,+ Boj 5, CHARGE + B, PECA,
Maximum-likelihood
estimates of parameters .
Amino Contact Contact  Contact Contact ContaCt rnm
acid Brecat of core (%) rim (%) total (%) surface (%) POL§ SCEY
Gly | Asp |61 £0.010 —1.937 £ 0.098 4.40 4.58 4.55 452 11 0.00
Leu| Arg |51 £0.009 —2324 +0.099 6.71 4.11 4.53 442 3 0.71
lle | Glu |50+ 0011 2322 +0.125 4.12 2.26 2.56 241 1 0.76
Val | Ser [49 +0.010 -22254+0.110 4.72 2.95 3.23 3.18 4 0.43
Ala| Lys |49 £0.009 —2.067 £ 0.101  4.60 4.57 4.58 4.49 9 0.00
Phe| Gly |46 4 0.012 2256 £ 0.136  4.55 243 277 235 2 0.62
Cys| Ala |44 £0.021 —1.941 £0.196 0.81 0.54 0.59 0.66 7 0.85
Tyr | His [30 £ 0.010 —2.098 £ 0.135 5.75 3.58 3.92 3.47 8 1.13
Ser | Asn (29 & 0.008 —1.862 £ 0.106 5.51 5.53 5.53 552 14 1.11
Met| Thr |25 40014 2304 £0.200 1.97 1.58 1.72 1.51 5 1.46
Trp | GIn {23 £0.016 —2.170 £ 0211  2.16 1.46 1.58 1.33 6 0.99
Pro| Pro |18 £ 0.008 —1.870 £0.125 5.24 549 545 522 13 0.06
Thr | Cys [15£0.008 —1.819 £ 0.108  6.35 5.26 5.44 5.50 12 1.08
His | Met |05 £ 0.011 —1.900 £ 0.169 295 2406 2.53 2.55 10 0.95
Asn| Wal [05 £ 0007 —1.768 £0.123 5.57 6.82 6.62 6.31 16 1.03
Asp| Leu 98 &£ 0.006 —1.673 &£ 0.107 6.18 8.07 7.77 8.35 19 0.78
Gln| Ile )94 £0.007 —1.711 £0.141 5.70 6.13 6.06 579 17 1.73
Arg| Tyr )86 £ 0.006 —1.684 £+ 0.128  8.60 9.66 9.49 8.61 15 1.88
Glu| Phe )84 £0.005 —1.624 £0.112 7.19 10.79 10.21 10.83 18 1.46
Lys | Trp )74 £0.005 —1.545 £0.116 6.82 11.64 10.87 13.00 20 1.89
7 Slope of residue expected contact area (rECA). % Intercept. § Polarity scale from Trinquier & Sanejouand ContaCt core

(1998). ¥ Side-chain entropy scale from Doig & Sternberg (1995).
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PRL 101, 248102 (2008) PHYSICAL REVIEW LETTERS 12 DECEMBER 2008

Molecular Dynamics Characterization of Protein Crystal Contacts in Aqueous Solutions

Giuseppe Pellicane

Dipartimento di Fisica, Universita degli Studi di Messina, Contrada Papardo, 98166 Messina, Italy

Graham Smith
Henry Wellcome Laboratory for Biogerontology, Newcastle University, Newcastle upon Tyne, NE4 5PL, United Kingdom

Lev Sarkisov™

Institute for Materials and Processes, School of Engineering and Electronics, University of Edinburgh, Edinburgh, EH9 3JL,

United Kingdom
(Received 2 October 2008; published 10 December 2008)

We employ nonequilibrium molecular dynamics simulation to characterize the effective interactions
between lysozyme molecules involved in the formation of two hydrophobic crystal contacts. We show that
the effective interactions between crystal contacts do not exceed a few kT, the range of the attractive part
of the potential is less than 4 A, and, within this range, there is a significant depletion of water density
between two protein contacts. Our findings highlight the different natures of protein crystallization and

protein recognition processes.

The possible role and nature of anisotropic interactions
in protein crystallization has been the subject of intense
investigation. Indeed, the effort of the recent decades to
understand protein interactions in aqueous solution and to
describe quantitatively the phase diagram by means of
isotropic models has proven to be an elusive task [1-8].
Globular proteins are not perfectly spherical, and their
surface is structurally and energetically heterogeneous,
leading to anisotropic protein-protein interactions.

No unified picture of these anisotropic interactions has
been developed to date. A popular direction of research
associates anisotropic contributions in water-mediated
(solvation) protein-protein interactions with hydrophobic
regions (patches) on the surfaces of the proteins [9,10].
Often, a “‘patch-patch interaction™ term is introduced in
the model to incorporate these effects [2,4,6,7,11-13].

crystal contact [26]. However, our observations do not
support a picture of protein crystallization as a purely
stochastic process as has been also suggested by Carugo
and Argos [25]. Indeed, it is quite evident that the magni-
tude of the observed interactions and even their shape do
depend on the nature of the interfaces participating in the
contact formation, thus leading to a slight anisotropy of
protein interactions. Larger surfaces involving positively




Understanding the physical properties that control ['a"ecent statistical analysis of

protein crystallization by analysis of large-scale 679 well expressed proteins, of

experlmental data which 157 yielded crystal
structures

W Nicholson Price 1112, Yang Chen'?, Samuel K Handelman'?, Helen Neely2, Philip Manor!?,
Richard Karlin!:2, Rajesh Nairl?, Jinfeng Liu!3, Michael Baran'%, John Everett!*, Saichiu N Tong1’4,
Farhad Forouhar!?, Swarup S Swaminathan!2, Thomas Actonl?, Rong Xjaol?, Joseph R Luft!?,

Angela Lauricellal?, George T DeTitta!”, Burkhard Rost?, Gaetano T Montelionel*® & John F Hunt"2

NATURE BIOTECHNOLOGY VOLUME 27 NUMBER 1 JANUARY 2009

Figure 3 Correlations between sequence characteristics and success in d o4-
crystal structure solution. Logistic regressions based on success in crystal

o 0.2
structure determination (that is, PDB deposition) were performed on a g
dataset comprising 679 proteins from the NESG protein expression and fg 00

@ 0.2

crystallization pipeline. Variables evaluated included the fractional content
of each amino acid, mean residue hydrophobicity (GRAVY4®), chain length, —04 -
mean charge (fraction arginine+lysine+asparagine+glutamatic acid), pl,
mean net charge and (SCE>. (a) Predictive value of each parameter, which
is defined as the product of its logistic regression slope and the s.d. of its
distribution in the dataset. (b) Logistic regression slope. (c) Negative log of
logistic regression P-value.

o
5

Slope
o

“Qur statistical analysis of large-scale protein crystallization
results demonstrates that the mean entropy of exposed side
chains and predicted backbone disorder both anti-correlate
strongly and significantly with successful structure
determination. Combining these results with the
observation that stability is not a significant determinant

of success leads to the conclusion that the dominant factor

o]

—log(P)

.. . . . - NN B QR R %482 Qe Wkl (S 2 A A& RS
determining protein crystallization outcome is the WO RIS RRIF NG TR Vas V"OQ‘OQ&‘{/@%@Q S5
.

prevalence of well-ordered surface epitopes capable of \S\Q;e? ¥
mediating stereochemically specific interprotein packing
interactions”.

Fractional amino acid content



The option of last resort for poorly or non-crystallizable
proteins:

 Improving solubility through:

» Use of hybridoma or synthetic
antibodies

o Use of ‘in-line’ or insert fusion
partners

* Direct surface engineering
* Increasing stability
* Reducing the entropic barrier of

crystallization through:

» Construct optimization to
reduce flexible termini or loops

 Elimination of post-translational
modifications

eSurface entropy reduction



What amino acids should favor intermolecular contacts?

Studies of protein-protein complexes and antigen-antibody complexes suggest that Ala,
Tyr, Ser and His might effectively replace Lys, Glu and GIn to generate crystal contact
forming epitopes on proteins’ surfaces

PROTEINS: Structure, Function, and Genetics 53:T08-719 (2003)
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Synthetic antibodies from a four-amino-acid code:
A dominant role for tyrosine in antigen recognition
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The impact of mutations of Lys and Glu residues to Ala was tested
using RhoGDJI (~10% Lys and ~10% Glu content)

e {2/ serfes

Crystallization class: [Jli]

probability

Longenecker, et al. (2001) Acta Crystallogr D57:679-88.
Mateja et al. (2002) Acta Crystallogr D58:1983-91

Crystallization probability

1 2 3 4 5
Crystallization classes
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The recurrence of crystal contacts involving mutated sites
validates the hypothesis that crystallization is facilitated by
surface entropy reduction.

K463A

E465A

E465A

E466A

K463A

RGSL domain of PDZ-RhoGEF Hsp33
Structure 9:559-69 (2%01 )

Yko
JMB 343:395-406 (2004) Structure 12:357-8 (2004)



New structures
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http://www.pdb.org/pdb/explore/explore.do?structureId=3EQY
http://www.pdb.org/pdb/explore/explore.do?structureId=3EQY

SER Server

h tt p //n | h server.m b | uc | a. ed u /S E R/ Lukasz Goldschmidt, David R. Cooper, Zygmunt S. Derewenda and David Eisenberg

Toward rational protein crystallization: A Web server for the design
of crystallizable protein variants

Protein Sci. 2007 16 1589-1576

v ¥ v v
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Structure Entropy Profile| | Sequence Alignment Meta Search
! ; | ! Y |
Identify residues suitgble for mutation and group into clusters BLOCKS ProLinks PDB

'

Select best candlidate clusters and mutations within |<

A 4

A normalized, smoothed ‘free’ conformational entropy profile is
then computed in a sliding window of three residues
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A note of caution:

There is no panacea for all crystallization
problems: in many cases various techniques must
be synergistically applied until a crystallizable
version of the protein is generated, as in the
example shown here.

Template

o
Analyses %%;{ rﬁ%

.-a'
contacts

Mutagenesis

Crystal trials

Crystal
optimization

Best mutant used in
further construct
iterations

Test X-ray
diffraction
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