Structural basis of the Borna disease virus (BDV) RNA polymerase

Project Objective:

The primary goal of this proposal is to decipher the structural basis of the Borna disease virus (BDV) synthesis

machine, known as the BDV polymerase (L:P) complex.
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activities®. We have successfully expressed and purified full-
length BDV L and P proteins using sf21 insect cells. We also
prepared the BDV P using E. coli cells. We included SDS-
PAGE gel and size exclusion chromatography (SEC) data of
the prepared proteins. In summary, we demonstrated that we
could prepare and purify recombinant full-length BDV L and

P proteins (Fig. 1).
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Figure 1. The BDV L and P proteins. (A) The SDS-PAGE gel of
the BDV L and P proteins as phosphorylated forms expressed in
insect cells. (B) The SDS-PAGE gel and FPLC filtration profile of
the BDV P protein as the unphosphorylated form in E. coli.
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We will use negative stain EM to guide the preparation of
homogenous biological samples. We will screen the sample
conditions, optimize the data collection strategy, and collect and
process data to obtain the preliminary cryo-EM analysis. Briefly, we
first screen and optimize the buffer and freezing conditions of the
cryo-EM specimen. To prepare cryo-specimens for high-resolution
cryo-EM studies, we will test different compositions of the buffers,
various freezing conditions (e.g., glow discharging time, sample
volume, humidity, blotting time), and different types of grids (e.g.,
Quantifoil, or Au grids). After data acquisition, we will follow the
standard procedure to calculate 2D class averages and 3D
reconstructions of the complex with a combination of program suites
cryoSPARC, RELION, and cisTEM?*“. Once the maximum attainable
resolution of the 3D map is obtained, we will use Coot® to build and
refine the molecular model. We will perform refinement procedures
using CCP4 and PHENIX programs®’. In recent exciting preliminary
data, we have successfully obtained a 4.6 A reconstruction of the
apo BDV L protein (Fig. 2), and we plan to collect and analyze more
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Figure 2. The preliminary cryo-EM analysis of the
BDV L protein. (A) Raw image of BDV L. (B) 2D class
averages of BDV L. (C) Preliminary 3D reconstruction of
the BDV L at 4.6 A.

high-quality data of BDV L protein alone and the polymerase (L:P) to reach the atomic resolution. These studies
will provide key structural insights into the mechanisms of BDV RNA synthesis.
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Figure 3: Cryo-EM structures of the NNS RdRPs by the PI. (A) 3.8 A cryo-EM
structure of the VSV RdRP (Liang et al. Cell, 2015). (B) 3.67 A cryo-EM structure
of the apo RSV RdRP (Cao et al. Nat Comm, 2020). (C) 3.40 A and 3.41 A cryo-
EM structures of the promoters-bound RSV RdRP (Cao et al. Nat, 2023).

The RSV polymerase
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In summary, we have demonstrated the feasibility
of preparing the cryo specimens of the BDV L
proteins. We have successfully determined multiple
high-resolution structures of the polymerases from
NNS RNA viruses using single-particle cryo-EMm810
(Fig. 3). We will use a similar strategy to prepare
the BDV L:P complex. In light of the exciting
preliminary results, we anticipate there are some
degrees of flexibility of the BDV L:P. To reach the
atomic resolution, we expect to obtain a large
dataset(s) of the complex assemblies. Therefore,
we wish to request 300KeV Titan Krios time for
high-resolution cryo-EM data collection at NCCAT.
Once we collect sufficient data, we will obtain the
maximum attainable resolution reconstruction of the
BDV polymerase using cryo-EM.



References:

1

10

Walker, M. P., Jordan, |., Briese, T., Fischer, N. & Lipkin, W. |. Expression and characterization of the
Borna disease virus polymerase. J Virol 74, 4425-4428 (2000). https://doi.org:10.1128/jvi.74.9.4425-
4428.2000

Punjani, A., Rubinstein, J. L., Fleet, D. J. & Brubaker, M. A. cryoSPARC: algorithms for rapid
unsupervised cryo-EM  structure  determination. Nat Methods 14, 290-296 (2017).
https://doi.org:10.1038/nmeth.4169

Scheres, S. H. RELION: implementation of a Bayesian approach to cryo-EM structure determination. J
Struct Biol 180, 519-530 (2012). https://doi.org:10.1016/}.jsb.2012.09.006

Grant, T., Rohou, A. & Grigorieff, N. cisTEM, user-friendly software for single-particle image processing.
Elife 7 (2018). https://doi.org:10.7554/eLife.35383

Emsley, P. & Cowtan, K. Coot: model-building tools for molecular graphics. Acta Crystallogr D Biol
Crystallogr 60, 2126-2132 (2004). https://doi.org:10.1107/S0907444904019158

Winn, M. D. et al. Overview of the CCP4 suite and current developments. Acta Crystallogr D Biol
Crystallogr 67, 235-242 (2011). https://doi.org:10.1107/S0907444910045749

Zwart, P. H. et al. Automated structure solution with the PHENIX suite. Methods Mol Biol 426, 419-435
(2008). https://doi.org:10.1007/978-1-60327-058-8 28

Liang, B. et al. Structure of the L Protein of Vesicular Stomatitis Virus from Electron Cryomicroscopy. Cell
162, 314-327 (2015). https://doi.org:10.1016/].cell.2015.06.018

Cao, D. et al. Cryo-EM structure of the respiratory syncytial virus RNA polymerase. Nat Commun 11, 368
(2020). https://doi.org:10.1038/s41467-019-14246-3

Cao, D. et al. Structures of the promoter-bound respiratory syncytial virus polymerase. Nature (2023).
https://doi.org:10.1038/s41586-023-06867-y



https://doi.org:10.1128/jvi.74.9.4425-4428.2000
https://doi.org:10.1128/jvi.74.9.4425-4428.2000
https://doi.org:10.1038/nmeth.4169
https://doi.org:10.1016/j.jsb.2012.09.006
https://doi.org:10.7554/eLife.35383
https://doi.org:10.1107/S0907444904019158
https://doi.org:10.1107/S0907444910045749
https://doi.org:10.1007/978-1-60327-058-8_28
https://doi.org:10.1016/j.cell.2015.06.018
https://doi.org:10.1038/s41467-019-14246-3
https://doi.org:10.1038/s41586-023-06867-y

