Rapid parallel flow cytometry assays of active GTPases on effector beads.

Tione Buranda*, Soumik BasuRay, Scarlett Swanson, Jacob Agola, Virginie Bondu, and Angela
Wandinger-Ness

Department of 'Pathology and ?Cancer Center; *Center for Infectious Diseases and Immunity;
University of New Mexico School of Medicine, Albuquerque, New Mexico, 87131

Supplemental Note 1.

Sin Nombre virus (SNV, Bunyaviridae, Hantavirus) is an enveloped virus first isolated in the
Southwestern region of the U.S. and carried by the deer mouse Peromyscus maniculatus. Its
genome is comprised of three negative-sense RNA segments, and belongs to the Hantavirus
genus of the family Bunyaviridae of the New World. It is the primary causative agent of
hantavirus cardiopulmonary syndrome (HCPS) in North America ™, where it is transmitted to
humans by inhalation of virus-contaminated excreta '™*. HCPS is characterized by pulmonary
edema due to capillary leak, followed by cardiogenic shock. The case fatality rate of HCPS is
approximately 40%. No vaccine or specific therapy is widely available at present, except in
specialized facilities where successful treatment of HCPS in the US relies on the use of
extracorporeal membrane oxygenation (ECMO)°. Thus, SNV-induced HCPS is a highly fatal,
relatively untreatable disease.

Because of BSL-3 limitations, little is known about the mechanism of hantavirus entry and
disease pathogenesis. UV-killed, purified and well-characterized fluorescently labeled
hantaviruses constitute an excellent model system to study a BSL-3 pathogen using the
equipment and resources available to a BSL-2 laboratory.®®

Epithelial cells present formidable barriers against pathogens, where the outward facing apical
membrane of polarized epithelial cells lacks cognate receptors that are necessary for entry. The
cognate cell entry receptor of pathogenic hantaviruses is ao,f3; integrin commonly expressed at
basolateral domains of permissive cells.”® Until recently it was not clear how blood-borne
hantaviruses could access a.fsintegrin in polarized microvascular endothelial cells when lateral
junctions are still intact. It was recently reported that apically expressed complement-interacting
proteins'', decay-accelerating factor (DAF/CD55) and gC1qR/p32 are co-receptors for
hantavirus entry. When localized in lipid rafts,’ DAF forms complexes with Src family tyrosine
kinases' that signal upstream of Rap, Rho and Rab GTPases and consequently regulate
cytoskeletal alterations, and trafficking as needed for supporting the lifecycle of the virus.
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Fig S1. G-trap validation assay in Vero E6 cells. Serum starved Vero E6 cells were
stimulated with: Calpeptin (clpptn) to activate RhoA, EGF to activate Rac1 and RhoA,
NSC23766 to suppress Rac1 activity. The results mirror the results obtained using Hela cells
described in the main text. Calpeptin-activated samples were subsequently exposed to 2ug/ul
P50RhoGAP, which was used to catalyze the hydrolysis of GTP by RhoA. As shown, the level
of RhoAGTP in p50RhoGAP treated samples decreased to near baseline levels after compared
to the control untreated samples. Control samples (rest and non-cognate effector beads) were
mock-treated with 0.1% DMSO to account for compound solvent. The errors represent standard
deviation of 3 independent experiments measured in duplicate each time.



Supplemental Note 2. Integrins are allosterically flexible adhesion molecules that operate by
means of conformational changes.* Conformational changes are associated with the response
to cell stimulation through cellular receptors (inside-out signal) or from direct engagement of
ligands or cations such as Mn?* (outside in). Activated integrins undergo affinity related
conformational changes, which expose neo-epitopes known as ligand-induced binding-sites
(LIBS)."™ ' Certain antibodies preferentially bind to the neo-epitopes. Here we have used AP-5
antibodies, which recognize the epitopes presented in extended conformation a.f5 integrins."

Fig. S2. To establish quantitative limits on our
observations on integrin activation we used a plate
reader to obtain average intensity readings of 20,000
cells exposed to virus. We used a selective Src-family
kinase inhibitor (p56'* and p59”"") PP1 to connect Src
kinase activity upstream of integrin activation” '8, and
Mn®* as a positive control for integrin activation. Virus
exposure resulted in integrin activation 3-fold above that
seen in resting cells, which was abolished by PP-1
treatment, demonstrating the specificity of the response.
At the dose of virus used, integrin activation was 2-fold
less than maximal activation induced by manganese
treatment. The inhibition of integrin activation by PP1
suggests that integrin activation is mediated by a Src family kinase downstream of DAF ligation.
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Supplemental Note 3. To visualize Rab7 dependant endocytic traffic of virus particles by
microscopy, low temperature incubation (15°C for 30 min) was used to arrest the virus in early
endosomes. Synchronized trafficking of SNV®'® was then initiated by rapidly raising the
temperature of the cells to 37°C and the progress of itinerant SNVR'® was monitored by fixing
and staining cell monolayers with anti Rab 7 antibodies at selected time intervals.
Colocalization of SNV®'® with immunostained endogenous Rab7 GTPase was qualitatively
analyzed at each time point. At 15°C, (0’ in Figure S3) a significant fraction of the Rab7 proteins
was notably distributed at the perinuclear region. After 3 min at 37°C the Rab7 positive
endosomes redistribute from perinuclear space and move towards the cell periphery and begin
to colocalize with cargo.
Increased colocalization
was accompanied by the
onset of fusion of viral

envelope membranes
with  endosomes  as
evident from the
dequenching of R18 in
maturing early  Fig. 3. Endocytosed SNVR'® (orange) partially colocalizes with Rab7 (green).
endosomes. %% After 10 The progress of itinerant SNVX'® (SNVR18 becomes brighter after membrane
min increasing  fusion) was monitored by fixing and staining cell monolayers with anti-Rab 7

fluorescence intensity co-  antibodies at selected time intervals and confocal imaging. After 3 min the Rab7
localized with Rab7- redistributed from random distribution around perinuclear space (0’) to polarized
positive endosomes. morphology. We used Slidebook software to quantify colocalization.
After 30 min at 30°C Colocalization of SNV?'® and Rab7 positive endosomes peaked at 10min and
Rab7 appeared to  declined thereafter. After 10 min SNVR'® was in bright punctate structures that
disengage from R18 co-localized with the distinctly perinuclear Rab7. After 30 min at 30°C, the R18
stained organelles, as stained organelles were largely negative for Rab7. Suggesting the maturing of
Rab7 positive late endosomes into some other unlabelled organelle (e.g.

shown by the change in
lysosomes).

color from yellow to red.



References.

10

11

12

13

14

15

16

17

18

Hjelle B, Anderson B, Torrez-Martinez N, Song W, Gannon WL, Yates TL. Prevalence and
geographic genetic variation of hantaviruses of New World harvest mice (Reithrodontomys):
identification of a divergent genotype from a Costa Rican Reithrodontomys mexicanus. Virology.
1995; 207: 452-59.

Hjelle B, Chavez-Giles F, Torrez-Martinez N, et al. Genetic identification of a novel hantavirus of
the harvest mouse Reithrodontomys megalotis. J.Virol. 1994; 68: 6751-54.

Hjelle B, Jenison SA, Goade DE, Green WB, Feddersen RM, Scott AA. Hantaviruses: clinical,
microbiologic, and epidemiologic aspects. Crit Rev.Clin.Lab Sci. 1995; 32: 469-508.

Jonsson CB, Schmaljohn CS. Replication of hantaviruses. Curr.Top.Microbiol.Immunol. 2001; 256:
15-32.

Crowley MR, Katz RW, Kessler R, et al. Successful treatment of adults with severe Hantavirus
pulmonary syndrome with extracorporeal membrane oxygenation [see comments] [published
erratum appears in Crit Care Med 1998 Apr;26(4):806]. Crit Care Med. 1998; 26: 409-14.

Buranda T, Wu Y, Perez D, et al. Recognition of DAF and avb3 by inactivated Hantaviruses,
towards the development of HTS flow cytometry assays. Anal. Biochem. 2010; 402: 151-60.
Buranda T, Perez D, Wu Y, et al. UV-killed Sin Nombre Virus binds to decay accelerating factor
(DAF/CD55) to induce cytoskeletal remodeling of Vero E6 cells and access to avfB3 integrin for
cellular entry. Virology. 2010; submitted.

Greber UF, Way M. A superhighway to virus infection. Cell. 2006; 124: 741-54.

Brandenburg B, Zhuang X. Virus trafficking - learning from single-virus tracking. Nat Rev
Microbiol. 2007; 5: 197-208.

Raymond T, Gorbunova E, Gavrilovskaya IN, Mackow ER. Pathogenic hantaviruses bind plexin-
semaphorin-integrin domains present at the apex of inactive, bent alphavbeta3 integrin
conformers. Proc.Natl.Acad.Sci.U.S.A. 2005; 102: 1163-68.

Brodbeck WG, Kuttner-Kondo L, Mold C, Medof ME. Structure/function studies of human decay-
accelerating factor. Immunology. 2000; 101: 104-11.

Coyne CB, Bergelson JM. Virus-induced Abl and Fyn kinase signals permit coxsackievirus entry
through epithelial tight junctions. Cell. 2006; 124: 119-31.

Diaz F, Rodriguez-Boulan E. Open sesame! Coxsackieviruses conspire to trespass the tight
junctional gate. Developmental cell. 2006; 10: 151-2.

Takagi J, Petre BM, Walz T, Springer TA. Global conformational rearrangements in integrin
extracellular domains in outside-in and inside-out signaling. Cell. 2002; 110: 599-11.

Smagghe BJ, Huang PS, Ban YE, Baker D, Springer TA. Modulation of integrin activation by an
entropic spring in the {beta}-knee. The Journal of biological chemistry. 2010; 285: 32954-66.
Honda S, Tomiyama Y, Pelletier AJ, et al. Topography of ligand-induced binding sites, including a
novel cation-sensitive epitope (AP5) at the amino terminus, of the human integrin beta 3 subunit.
The Journal of biological chemistry. 1995; 270: 11947-54.

Alghisi GC, Ponsonnet L, Ruegg C. The integrin antagonist cilengitide activates alphaVbeta3,
disrupts VE-cadherin localization at cell junctions and enhances permeability in endothelial cells.
PloS one. 2009; 4: e4449.

Wang Y, Jin G, Miao H, Li JY, Usami S, Chien S. Integrins regulate VE-cadherin and catenins:
dependence of this regulation on Src, but not on Ras. Proceedings of the National Academy of
Sciences of the United States of America. 2006; 103: 1774-9.



19

20

21

22

23

24

Krautkramer E, Zeier M. Hantavirus causing hemorrhagic fever with renal syndrome enters from
the apical surface and requires decay-accelerating factor (DAF/CD55). Journal of virology. 2008;
82:4257-64.

del Pozo MA, Alderson NB, Kiosses WB, Chiang HH, Anderson RG, Schwartz MA. Integrins
regulate Rac targeting by internalization of membrane domains. Science (New York, N.Y. 2004;
303: 839-42.

Parsons JT, Horwitz AR, Schwartz MA. Cell adhesion: integrating cytoskeletal dynamics and
cellular tension. Nat Rev Mol Cell Biol. 2010; 11: 633-43.

Rink J, Ghigo E, Kalaidzidis Y, Zerial M. Rab conversion as a mechanism of progression from early
to late endosomes. Cell. 2005; 122: 735-49.

Parton RG, Schrotz P, Bucci C, Gruenberg J. Plasticity of early endosomes. Journal of cell science.
1992; 103 ( Pt 2): 335-48.

Vonderheit A, Helenius A. Rab7 associates with early endosomes to mediate sorting and
transport of Semliki forest virus to late endosomes. PLoS biology. 2005; 3: e233.



