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Crystallization of Biological Macromolecules

Crystallization = Formulation + Kinetics

Not only must a precise definition of mother liquor components and their
concentration be undertaken, but the method used to grow the crystals, to
produce supersaturation, should also be optimized. It is important to remember
that the pathway a system follows from a regime of undersaturation to one of

supersaturation is critical in determining the point at which nucleation takes place
and the conditions under which the nuclei develop into crystals. The physical
apparatus or device in which this takes place 1s a major determinant in this
regard.
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_ Phase diagram Kinetic trap
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Vary Quench Depth

Nucleate only one crystal
Transform gel to crystal
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S.K.W. Dertinger, D.T. Chiu, N.L. Jeon, and G.M. Whitesides.
"Generation of gradients having complex shapes using microfluidic networks,"
Analytical Chemistry 73, 1240-46 (2001).
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Control temperature and concentration

TEMPERATURE CONCENTRATION
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Reversible Permeation
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Salt and lysozyme 1n wells
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Decoupling Nucleation and Growth (Tempereature Control)
cp O 0O 0O

20°C (drop filling) 20“
J .o o N W initial

ODDDD_-‘\

o
: ___,,6 6.0 osqY- o T
W88 oo o o 0o o o] | — ]
:(.-_."U:'- N oo o n O
4 ol.|o o 0. .o { —
oo /6o E
o g-o|flt e
AT Q
= time
4°C for 0. 5 hrs (nucleatlon) 5
5 B i?‘-‘-—:‘ oN 5
. a D 8.0 D -
oD, O
8 © 50 o of Measured date: Apr 29, 2009
.0 0% N0k Oil: FC-43, Surfactant: 12%
60 ot P Tridecafluoro-1-Octanol,
—=L oo Agqueous: Lysozyme 75
mg/ml, 0.05M NaAc, pH 4.5
0.5M NaCl
500 um .
14°C (crystal growth) time lapse: 20 hours
o S B w
1o, 'l:i‘n.. 2 00 o o
74 b @D.o(b] o~ 6 O]
PPe\e' 60 90000 o0 o
B | o o o 0
"® ol./o o D o 1
v, 4 QD_. K
' 6.9 -0l




Decoupling Nucleation and Growth (Composition Control)
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PHYSICAL REVIEW E 78, 041402 (2008)
Crystallization and gelation in colloidal systems with short-ranged attractive interactions

Andrea Fortini,™ Eduardo Sanz,” and Marjolein Dijkstrf
Debye Institute for NanoMaterials Science, Utrecht University, Princetonplein 5, 3584 CC Utrecht, The Netherlands
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One crystal per drop when growth rate >> nucleation rate






Lysozme.
Emulsion 50 um does not crystallize at Room T, but bulk does.

Optimal quench conditions



Shotgun Diffraction (ShD1)

Lysozyme crystal-bearing

drops in a thin-walled 200 um
diameter glass capillary,
mounted for data collection

at CHESS. The central circle
1s 100 um across.

Diffraction pattern from
the lysozyme crystal above,

taken with a 100 um collimated
monochromatic beam at CHESS
beam line F1.
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Feasibility of one-shot-per-crystal structure
determination using Laue diffraction

Crystal size is an important factor in determining the number ~ Received 2 March 2009

of diffraction patterns which may be obtained from a protein ~ Accepted 17 September 2009
crystal before severe radiation damage sets in. As crystal

dimensions decrease this number is reduced. eventually falling

10 one, at which point a complete data set must be assembled

using data from multiple crystals. When only a single exposure

is to be collected from each crystal, the polychromatic Laue

technique may be pn
owing 1o its simultaneo
recorded reflections
solving structures usin
erystals, data were colle
D1 station from group:
of the order of 20-3

Figure 4
Laue diffraction from a lysozyme crystal. Lefu: crystal on a MicroMesh mount. The circke around the crystal & ~100 pm in diameter; the crystal & about
30 pm across. Right: diffraction pattern from the crystal with a 103 exposure time. The inset shows well separated acceptably shaped spots.






