Co-crystallization with Dab antibody fragments: A universal method for the
introduction of synthetic symmetry
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The introduction of synthetic symmetry by design is a potentially valuable strategy for the crystallization of
challenging targets. Previous studies have explored multiple strategies to create an artificial protein dimer, but
they all require introducing specific mutations on the target protein’s surface (1-3). This work demonstrates a
new method for achieving symmetry through co-crystallization with an antibody fragment termed a diabody
(Dab). These Dabs contain two complete target binding sites and can be used to form a symmetrical complex
with two identical bound proteins (4-6). By avoiding the need for specific surface mutations on a target protein,
Dabs present a general platform that requires no knowledge of target protein structure. In addition, antibody
fragments have a long history of success as crystallization chaperones. Therefore, this strategy is broadly
applicable to a wide range of difficult targets, especially when monoclonal antibodies for a target protein have
previously been identified.

A library of Dabs has been generated, which includes flexible Dabs and Dabs containing specific disulfide
bonds at the interface of the antibody dimer. The introduction of a disulfide bond promotes a preferred
conformation in solution and an increased likelihood of crystallization. Three Dabs with disulfide bonds and a
flexible control Dab have been characterized both in solution and through high-resolution crystal structures (1.4
—1.6 A). To explore the capacity of engineered Dabs to enable the crystallization of other proteins through
synthetic symmetry, we generated complexes between the engineered Dabs and HIV-1 reverse transcriptase
(RT) bound to a high-affinity DNA template-primer aptamer. Symmetrical complexes containing Dabs and
bound RT-aptamer produced crystals over a wider range of precipitant conditions than RT-aptamer alone. After
optimization, crystals of a Dab-RT-aptamer complex were diffraction quality, allowing structure determination at
3.0 A resolution.
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