


1840 – Hunefeld
Hemoglobin from worms and fishes –
demonstrated that proteins could be
crystallized like salts and
conventional molecules by
evaporation of solvent (first animal
protein crystallized.)

1892 – Osborne
Seed globulins from a wide variety of
plants – Introduced temperature and
salt concentration to control
solubility of proteins, first use of
alcohols



1898 - Hopkins and Pincus
Egg albumin crystallized –
Introduced the use of salt
concentration along with pH
to induce crystallization

1919 – Sumner
Concanavalin A and B – first
enzyme (chitinase) and lectin
crystallized – use of dialysis
against low ionic strength along
with pH control



1926 – Sumner

Urease – first
demonstration that an
enzyme could be
crystallized

(Nobel Prize)



1927 – Abel, et al.

Crystallization of Insulin
– first protein crystals of
significant medical
importance –

Introduction of metal
ions (Zn++) in protein
crystallization.



1931 – Northrup

Crystallized the pancreatic
enzymes, RNAse, trypsin,
chymotrypsin, also pepsin
(Nobel Prize)



1935 – Bernal, Crowfoot, Fankuchen

First applications of X-ray diffraction
to protein crystals – pepsin

1935 – Stanley

First crystals of a virus,
Tobacco Mosaic Virus –
used concentration by
centrifugation



1959 – Kendrew and
 Perutz

The first X-ray structures of proteins –
myoglobin and hemoglobin



~1969-1970

Crystallization of tRNAs –
whoever could get it, could do it.

 

  1970-1975

Realization that 
macromolecular crystallization

was important to structural
biology.



1975- 1985

Synchrotrons, Area Detectors,
High Speed Computers,
Automated Procedures,
Cryocrystallography.

 



1975-1980
Development of
recombinant DNA
technology, first access
to low abundance proteins

1985 – First ICCBM
Meeting, Stanford
University



1991 –  Introduction of first
commercially available protein
crystallization screening kits –
opened the field to biochemists,
molecular biologists, non-
crystallographers.

1992 -  MAD phasing introduced

Today –  Structural Genomics and
High Throughput Crystallography.



Satellite Tobacco Mosaic Virus (STMV) Crystal



STMV crystal in undersaturated conditions



Schematic diagram of an atomic force microscope



Nanoscope III atomic force microscope



High magnification images of TYMV particles

in a growing crystal



Fourier
filtering of
an AFM
image on
the surface
of a
thaumatin
crystal









Images at two-minute intervals showing the development
of the surface of a growing thaumatin crystal



The surface of a ferritin crystal growing
at very high supersaturation























A large hexagonal canavalin crystal which
has incorporated a large inorganic particle



What have we
Learned?



The growth of protein
crystals proceeds according
to the same mechanisms as
do conventional crystals
(screw dislocations, two-
dimensional nuclei
formation, normal growth)



1855 – Hartig

Excelsin from the
Brazil Nut –

   first plant protein
crystallized

The unique properties of
biological macromolecules
in aqueous solution permit
some unexpected
phenomena not otherwise
seen (e.g. three dimensional
nucleation)



Major differences
between the growth
of protein crystals and
conventional crystals
are  slower kinetics
(as much as 10-3)



Protein crystals
allow much higher
rates of impurity
incorporation and a
far wider variety of
impurities.



The defect densities of
macromolecular
crystals are far higher
than for conventional
crystals by as much as
106



We now have quantitative
measures for many protein
and virus crystals of critical
nuclear sizes, surface free
energy α, and the kinetic
coefficient β, critical
thermodynamic and kinetic
parameters.



Protein crystallization
shares many of the
properties of colloid
crystal growth, water is
of crucial importance,
and the liquid protein
phase is a relevant
consideration



The second virial
coefficient of potential
mother liquors obtained
from light scattering, is a
valuable predictor of
successful crystallization
conditions.



Remaining
Problems



 

   Refolding proteins 
from inclusion bodies
and improving the

expression of otherwise
soluble molecules, and the
expression and solubilization
of lipophilic and membrane
proteins.



    Understanding problem
cases and why some
proteins will not
crystallize (aggregation,
dynamics,
microheterogeneity).



Better use of seeding
and the use of surfaces
for the promotion of
nucleation.



Development of new reagents for
protein crystallization (precipitants,
detergents, chaotrops, asmolites,
additives)

Crystal handling and manipulation,
in situ data collection, development of
reliable, universal cryogens,
understanding annealing, the
consequences of crystal defects



1.            More intelligent selection of
crystallization trial conditions and
screens, use of combined human and
artificial intelligence in place of
random screens and sparse matrices.

.    Genetic modification of proteins for
crystallization (mutation, truncation,
domains, chimeric proteins),
developing a rationale.



    Compilation of databases
    from large-scale
    screening, data mining,
    prediction from physical-
    chemical properties.



Termination of protein
crystal growth results
from surface
contamination and
can be overcome



What do we still
need to learn

that might help?



Can we make any correlations whatever
between any physical-chemical property
of proteins and how they might best be
crystallized.  What reagents, detergents
or additives work best with which
classes of proteins?

What interactions and forces stabilize
lattices and which destabilize:  essential
for genetically engineering enhanced
crystallization probability?



How does nucleation
occur?  What promotes
nucleation, and can we
identify means to
enhance nucleation?



    

How can we more
intelligently and efficiently
genetically engineer
proteins to crystallize?

How can we increase the size
of microcrystals to make 
them useful for analysis?




