
Pr ecise and pr edictable 
cr ystal design
Protein crystallizat ion has always been 
mysterious? requiring a lot  of work and 
luck to coax large, irregular molecules to 
form orderly crystalline arrays. Typically, 
scient ists have wanted to crystallize 
protein molecules to learn where the 
atoms are, using x-ray diffract ion, to 
understand or manipulate protein 
funct ion. Now, with computat ional 
protein design, scient ists are exploring 
ways to use proteins to create completely 
new materials with precisely tuned 
characterist ics such as lat t ice dimensions 
and pore sizes.

In this work, an internat ional team led by 
researchers from the Inst itute for Protein 
Design at the University of Washington 
(UW) developed a computer-aided 

approach for designing three-dimensional 
protein crystals with prespecified lat t ice 
architectures and atomic accuracy. The 
ability to genet ically encode and express 
precise building blocks for synthesized 
biomaterials sets the stage for the 
development of advanced opt ical tools, 
new technologies for chemical separat ion, 
and a range of other applicat ions in 
biotechnology and medicine.

Hier ar chical appr oach wi t h 
pr otein modules
Protein crystallizat ion remains poorly 
understood and highly empirical, with 
largely unpredictable crystal contacts, 
lat t ice packing arrangements, and 
symmetry propert ies. One challenge is to 
precisely engineer interact ions between 
side chains across protein interfaces. Each 
interface must have high geometric 

precision, as small deviat ions can add up 
over mult iple unit  cells. Previously, the 
UW team used computat ional methods 
to design protein building blocks and 
assemblies that were structurally 
characterized at the ALS, including repeat 
proteins, hydrogen-bonded helical bundles, 
cyclic oligomers, and protein nanocages.

In this work, the team followed a 
hierarchical approach, designing protein 
modules (oligomers) made up of monomers 
with programmed sequences, expressed 
through bacteria. The oligomers then 
self-assemble into cages and, ult imately, 
three-dimensional crystals hundreds of 
microns in size. The team also 
encapsulated gold nanopart icles within 
the crystal pores, creat ing a nano-
part icle superlatt ice with dynamic opt ical 
propert ies upon drying and rehydrat ion.

Scient i f ic 
Achievement
Using a computer-based approach, 
researchers designed porous 
protein crystals that were revealed 
to be stable, tunable, and atomically 
accurate using x-ray scattering and 
diffract ion at the Advanced Light 
Source (ALS).

Signi f icance 
and Impact
The work provides a powerful 
new platform for biological 
materials engineering and 
opens up wide applicat ions in 
biotechnology and medicine.Opt ical microscope image of computat ionally designed protein crystals. The three-dimensional 

crystals can grow to over 100 µm in size. (Credit : Zhe Li, University of Washington)
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Scr eening and ver i f icat ion 
at  t he ALS
High-throughput small-angle x-ray 
scattering (SAXS) at ALS Beamline 12.3.1 
(SIBYLS) was used to screen and fine-tune 
proteins to fold into desired structures. 
SAXS characterizat ion cont inued through 
the assembly process to the final 
macroscale crystals. Protein crystal-
lography at ALS Beamlines 8.2.1 and 8.2.2 
and at the Advanced Photon Source (APS) 
verified that the experimental crystals 
matched the designs with high precision, 
both in overall architecture and specific 
protein?protein interact ions. 

A custom SAXS setup, developed for 
the crystals with gold nanopart icles, 
demonstrated that crystallinity was 
maintained during drying and rehydrat ion 
cycles. Simultaneously varying the 
hydrat ion state and the encapsulat ion 
rat io enabled tuning of the crystal?s 
effect ive refract ive index (and thus the 
opt ical propert ies) over a broad range. 

The study exemplifies the applicat ion 
of Integrated Diffract ion Analysis 
Technologies (IDAT) resources (a grant 
to Berkeley Lab from the Biological and 
Environmental Research program of the 
Department of Energy), funded to 
integrate SAXS, computat ion, and 
crystallography for novel biomaterial 
discovery. In general, the work 

demonstrates that computat ionally 
designed protein crystals are a new class 
of biomaterials that can be prepared and 
purified at large scale, are stable under 
extreme condit ions, and provide robust 
and tunable scaffolds for materials 
enabling a wide range of applicat ions 
such as biocatalysis, sensing, chemical 
separat ion, and drug delivery.
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(a) Hierarchical construct ion of crystals, from left  to right : cyclic oligomers, cage, crystal. In the last  step, symmetry elements of the cage are 
superimposed with corresponding symmetry elements of the unit  cell. (b) Computat ional design model (left , pink/grey) spliced to experimentally 
determined crystal st ructure (right , sky blue/ light  blue). (c) SAXS profiles (pink) compared to simulated profiles computed from the design model (gray).
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