UMass Chan Medical School
eScholarship@UMassChan

University of Massachusetts Medical School Faculty Publications

2019-10-30

TRIM34 acts with TRIMS5 to restrict HIV and SIV capsids [preprint]

Molly Ohainle
Fred Hutchinson Cancer Research Center

Et al.

Let us know how access to this document benefits you.

Follow this and additional works at: https://escholarship.umassmed.edu/faculty_pubs

b Part of the Amino Acids, Peptides, and Proteins Commons, Microbiology Commons, Virus Diseases

Commons, and the Viruses Commons

Repository Citation

Ohainle M, Kim K, Keceli S, Felton A, Campbell E, Luban J, Emerman M. (2019). TRIM34 acts with TRIM5
to restrict HIV and SIV capsids [preprint]. University of Massachusetts Medical School Faculty
Publications. https://doi.org/10.1101/820886. Retrieved from https://escholarship.umassmed.edu/
faculty_pubs/1650

Creative Commons License

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 License.
This material is brought to you by eScholarship@UMassChan. It has been accepted for inclusion in University of
Massachusetts Medical School Faculty Publications by an authorized administrator of eScholarship@UMassChan.
For more information, please contact Lisa.Palmer@umassmed.edu.


https://escholarship.umassmed.edu/
https://escholarship.umassmed.edu/faculty_pubs
https://arcsapps.umassmed.edu/redcap/surveys/?s=XWRHNF9EJE
https://escholarship.umassmed.edu/faculty_pubs?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/954?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/48?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/998?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/998?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/987?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1101/820886
https://escholarship.umassmed.edu/faculty_pubs/1650?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
https://escholarship.umassmed.edu/faculty_pubs/1650?utm_source=escholarship.umassmed.edu%2Ffaculty_pubs%2F1650&utm_medium=PDF&utm_campaign=PDFCoverPages
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Lisa.Palmer@umassmed.edu

O 00 N o 1 B W N -

= T =
M W N R O

bioRxiv preprint first posted online Oct. 30, 2019; doi: http://dx.doi.org/10.1101/820886. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license.

TRIM34 acts with TRIM5 to restrict HIV and SIV capsids

Molly Ohainle™, Kyusik Kim?*™ Sevnur Keceli®*”, Abby Felton', Ed Campbell®, Jeremy Luban?,

Michael Emerman™

'Fred Hutch, Divisions of Human Biology and Basic Sciences, Seattle, WA 98109, USA
2Program in Molecular Medicine, University of Massachusetts Medical School, Worcester, MA,
USA

3Department of Microbiology and Immunology, Stritch School of Medicine, Loyola University,
Chicago, Maywood, IL, USA

*co-corresponding authors

**equal co-authors

Correspondence: mohainle@fredhutch.org (M.O.) and memerman@fredhutch.org (M.E.)


http://dx.doi.org/10.1101/820886
http://creativecommons.org/licenses/by-nc-nd/4.0/

O 00 N o 1 B W N -

W W W W W NN NMNNNNNNNNRRPRRRL PR R P R p
B W N P O OOONO U BAMWNDNIERLRO LOOODNO®OGD WNPRPL O

bioRxiv preprint first posted online Oct. 30, 2019; doi: http://dx.doi.org/10.1101/820886. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC-ND 4.0 International license.

Abstract

The HIV-1 capsid protein makes up the core of the virion and plays a critical role in early
steps of HIV replication. Due to its exposure in the cytoplasm after entry, HIV capsid is a
target for host cell factors that act directly to block infection such as TRIM5 and MxB.
Several host proteins also play a role in facilitating infection, including in the protection
of HIV-1 capsid from recognition by host cell restriction factors. Through an unbiased
screening approach, called HIV-CRISPR, we show that the Cyclophilin A-binding
deficient P90A HIV-1 capsid mutant becomes highly-sensitized to TRIM5alpha restriction
in IFN-treated cells. Further, the CPSF6-binding deficient, N74D HIV-1 capsid mutant is
sensitive to restriction mediated by human TRIM34, a close paralog of the well-
characterized HIV restriction factor TRIMS. This restriction occurs at the step of reverse
transcription, is independent of interferon stimulation and limits HIV-1 infection in key
target cells of HIV infection including CD4+ T cells and monocyte-derived dendritic cells.
TRIM34 restriction requires TRIM5alpha as knockout or knockdown of TRIM5alpha
results in a loss of antiviral activity. TRIM34 can also restrict some SIV capsids. Through
immunofluorescence studies, we show that TRIM34 and TRIM5alpha colocalize to
cytoplasmic bodies and are more frequently observed to be associated with infecting
N74D capsids than with WT capsids. Our results identify TRIM34 as an HIV-1 CA-
targeting restriction factor and highlight the potential role for heteromultimeric TRIM

interactions in contributing restriction of HIV-1 infection in human cells.

Introduction

The HIV-1 capsid protein (CA or p24gag) forms the core of the virion and is key to
effective delivery of the HIV-1 genome inside a host cell and into the nucleus where integration
into the host chromosome occurs (Campbell and Hope, 2015; Yamashita and Engelman, 2017).
HIV-1 CA is involved in the early steps of HIV-1 replication including uncoating, nuclear entry,
and integration site selection (Ambrose and Aiken, 2014; Campbell and Hope, 2015; Hilditch
and Towers, 2014; Yamashita and Engelman, 2017). HIV-1 CA is also an important target for
host restriction factors such as rhesus TRIM5alpha and MxB (Malim and Bieniasz, 2012;
Yamashita and Engelman, 2017).

Many restriction factors are induced by type | Interferon (IFN). Recently, human
TRIM5alpha, previously thought to lack activity against primate lentiviruses, has been shown to
restrict wild type HIV-1 capsids in IFN-treated cells (Jimenez-Guardeno et al., 2019; OhAinle et

al., 2018). TRIM5alpha restriction of retroviral capsids is driven by interactions between the C-
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terminal SPRY domain of TRIM5alpha and determinants present in assembled CA structures
(Ganser-Pornillos and Pornillos, 2019). Although the affinity of the SPRY domain for CA is low,
this low affinity is overcome by TRIM5alpha dimerization and its ability to form higher-order
assemblies around the viral core, enhancing avidity of the TRIM5alpha-CA interaction (Ganser-
Pornillos and Pornillos, 2019). TRIMSalpha is also able to oligomerize with other TRIM-family
members (Li et al., 2011; Zhang et al., 2006). One key aspect of TRIM biology that remains
relatively unexplored includes the potential for hetero-oligomerization of TRIM proteins that
could have important functional consequences.

Through the study of HIV-1 CA mutants that lack binding to host cell factors or possess
other key phenotypes, such as altered stability, much has been revealed about how CA
determines the fate of HIV-1 cores inside cells. The host proteins CPSF6 and Cyclophilin A
(CypA) have a complex but important role in HIV-1 CA interactions and infection (Yamashita
and Engelman, 2017). HIV-1 CA binds CypA which provides protection against the action of
TRIMS (Kim et al., 2019; Luban et al., 1993). CPSF6 interacts with HIV-1 capsid on entry into
target cells (Lee et al., 2010; Price et al., 2012) and facilitates interaction with nuclear import
pathways that enhances targeting of HIV-1 integration into gene-rich regions (Rasheedi et al.,
2016; Sowd et al., 2016). Single amino acid mutations in the HIV-1 capsid protein, for example
N74D for CPSF6 and P90A for CypA, abrogate binding to these host factors (Lee et al., 2010;
Schaller et al., 2011). Both capsid mutants have been demonstrated to infect cells less
efficiently than wild type in some cell types, including primary cell such as CD4+ T cells and
monocyte-derived macrophages (MDMs) (Ambrose et al., 2012; Bulli et al., 2016; Kim et al.,
2019; Schaller et al., 2011). Further, both the POOA and N74D capsid mutants have been shown
to be hypersensitive to the effects of IFN (Bulli et al., 2016), suggesting that one or more
interferon-induced restriction factors block infection of these capsid mutant viruses. Restriction
of these mutants has been shown to be independent of the IFN-induced capsid-targeting
restriction factor MxB (Bulli et al., 2016) but identification of other capsid-targeting restriction
factors underlying the increased IFN sensitivity of these CA mutants has been elusive.

Previously, we demonstrated that human genes that mediate the antiviral effects of IFN
can be identified through an unbiased CRISPR screening approach called HIV-CRISPR
(OhAinle et al., 2018). Here we use this approach to identify capsid-targeting restrictions that
target the P9OA and N74D HIV-1 capsid mutants. While the CypA-binding deficient P90A
mutant becomes more sensitive to TRIM5alpha restriction, the CPSF6-binding deficient N74D
mutant becomes sensitive to a novel restriction by the TRIMb5alpha paralog, TRIM34. This

restriction is independent of IFN induction as well as CPSF6 binding and results in a block
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during HIV reverse transcription. TRIM34 restriction occurs in primary cells in addition to the
THP-1 monocytic cell line used in our screens. Further, we find that TRIM34 requires

TRIM5alpha to inhibit the N74D while TRIM5alpha of the P90A virus occurs independent of
TRIM34. Thus, we find that TRIM34 is a novel inhibitor of HIV-1 and SIV capsids that acts in

conjunction with TRIMS5 to limit infection of primary T cells.

Materials and Methods

Cells and Cell culture. All cells were incubated in humidified, 5% CO: incubators at 37 °C. The
THP-1 monocytic cell line (ATCC) was cultured in RPMI (Invitrogen) with 10% FBS, Pen/Strep,
10 mM HEPES, 0.11 g/L sodium pyruvate, 4.5 g/L D-Glucose and Glutamax. 293T (ATCC CRL-
3216) and TZM-bl cells (ATCC 8129) were cultured in DMEM (Invitrogen) with 10% FBS and
Pen/Strep. Puromycin selections in THP-1 cells were done at 0.5-1 ug/mL. The identity of THP-

1 cells was confirmed by STR profiling (Fred Hutch Research Cell Bank). For the MoDC-related
work, HEK293 cells (American Type Culture Collection) were cultured in DMEM supplemented
with 10% heat-inactivated FBS, 20 mM GlutaMAX-Il, 1 mM sodium pyruvate, 1x MEM non-
essential amino acids and 25 mM HEPES, pH 7.2. HeLa and 293T cell lines utilized in the
immunofluorescence assays were obtained from the American Type Culture Collection and
were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) (Atlanta Biologicals), 100 U/ml penicillin, 100 pg/ml streptomycin, and 10
pg/ml ciprofloxacin. To generate MoDCs, Peripheral Blood Mononuclear Cells (PBMCs) were
isolated from leukopaks by gradient centrifugation on Lymphoprep (Axis-Shield Poc AS #AXS-
1114546). CD14" PBMCs were enriched using anti-CD14 antibody microbeads (Miltenyi Biotec
#130-050-201), according to manufacturer’s protocol. The enriched CD14" cells were cultured
at a density of 2 x 10° cells/mL, in RPMI-1640, supplemented with 5% heat-inactivated human
AB” serum (Omega Scientific), 20 mM GlutaMAX-I, 1 mM sodium pyruvate, 1x MEM non-
essential amino acids and 25 mM HEPES pH 7.2. The addition of 1:100 cytokine-conditioned
media containing hGM-CSF and hlIL-4 to the culture promoted the differentiation of CD14+ cells
into MoDCs. These cytokine-conditioned media were produced from HEK293 cells stably
transduced with pAIP-hGMCSFco (Addgene no. 74168) or pAlP-hlL4-co (Addgene no. 74169),
as previously described (McCauley et al., 2018; Pertel et al., 2011). For CD4+ T cell
experiments, whole blood was obtained from BloodWorks Northwest, total PBMCs were isolated
using the density gradient centrifugation method with Histopaque-1077 (Sigma-Aldrich #10771)
and CD4+ T cells were isolated using EasySep Human CD4+ T cell isolation kit (StemCell

Technologies #17952). Cells were resuspended to 2.5 x 10° cells/mL in RPMI complete media
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supplemented with 10% FBS, Glutamax and Pen/Strep and with 100 U/mL recombinant human
IL-2 (Roche; Sigma # 10799068001). For the analysis of reverse transcription products, a clonal
TRIM34-KO THP-1 cell line was created through single-cell sorting of Cas9/RNP electroporated
pools into 96-well plates to create individual clonal lines (BD FACS Aria Il — Fred Hutch Flow
Cytometry Core). A clonal KO line was identified through ICE Editing Analysis (Synthego).
Universal Type | Interferon Alpha was obtained from PBL Assay Science (Catalog No. 11200
2), diluted to 10° Units/mL in sterile-filtered PBS/1% BSA according to the activity reported by

manufacturer and frozen in aliquots at -80°C.

Human blood. For monocyte-derived dendritic cell (MoDC) and activated CD4+ T cell
preparations, leukopaks were acquired from anonymous, healthy blood donors (New York
Biologics or BloodWorks Northwest). These experiments were declared to be non-human
subjects research by the University of Massachusetts Medical School or Fred Hutchinson
Cancer Research Center Institutional Review Boards, according to National Institutes of Health

(NIH) guidelines (http://grants.nih.gov/grants/policy/hs/fags_aps_definitions.htm).

Plasmids. HIV infectious clones based on the LAI strain of HIV-1 (pBru3ori) were used in this
study. The pBru3ori GFP3 backbone encodes the green fluorescent protein (GFP) gene in place
of the nef gene (Yamashita and Emerman, 2004). The Bru3ori GFP3* WT, Bru3ori GFP3* N74D
and Bru3ori GFP3* A77V proviruses were provided by Masahiro Yamashita and are described
in (Saito et al., 2016). The P9OA CA mutation was introduced into pBru3ori GFP3 using
standard cloning procedures as described previously (Henning et al., 2014). The luciferase
envelope-defective reporter proviral N74D plasmid was cloned from Bru3ori GFP3* N74D by
BssHI and Sall digest and cloned into BruLuc2deltaEnv (Yamashita and Emerman, 2004). The
SIVmacLUC E-R- and SIVagmLUC E-R- plasmids were a gift from Ned Landau (Mariani et al.,
2003). The lentiCRISPRV2 plasmid was a gift from Feng Zhang (Addgene #52961). pMD2.G
and psPAX2 were gifts from Didier Trono (Addgene #12259/12260). lentiCRISPRv2 constructs
targeting genes of interest were cloned into BsmBI-digested lentiCRISPRv2 by annealing
complementary oligos with overhangs that allow directional cloning into lentiCRISPRv2. TRIM34
oligos used were: TRIM34KO_1: TRIM34_1 Sense CACCGGTCAAGTTGAGCCCAGACAA and
TRIM34_1 Antisense AAACTTGTCTGGGCTCAACTTGACC; TRIM34KO_2: TRIM34_2 Sense
CACCGGAGTAACTGATACCACACAC and TRIM34_2 Antisense
AAACGTGTGTGGTATCAGTTACTCC). TRIMS oligos used were: TRIM5KO: TRIMS Sense
CACCGGTTGATCATTGTGCACGCCA and TRIM5 Antisense
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AAACTGGCGTGCACAATGATCAACC). The lentiviral pHIV-dTomato (Addgene #21374)
expression vector was a gift from Bryan Welm (Addgene plasmid #21374;
http://n2t.net/addgene:21374; RRID:Addgene_21374). The human TRIM34 cDNA was
purchased from Genscript (NM_001003827.1). Human TRIM34 was cloned into pHIV/dTomato

using Notl and Xmal sites with an HA tag encoded at the N-terminus. For HelLa

immunofluorescence assays, YFP-TRIMb5alpha and HA-TRIM34 were cloned in frame, into

retroviral vectors EXN and YXN as described previously (Finzi et al., 1999).

Virus and Lentivirus Production. Replication-competent HIV-1 viruses were produced as
previously described (OhAinle et al., 2018). Briefly, 293T cells (ATCC) were plated at 2 x

10° cells/mL in 2 mL in 6-well plates one day prior to transfection using TransIT-LT1 reagent
(Mirus Bio LLC) with 3 pL of transfection reagent per ug of DNA. For HIV-1 production, 293Ts
were transfected with 1 ug/well proviral DNA. One day post-transfection media was replaced.
Two- or three- days post-transfection viral supernatants were clarified by centrifugation (1000 g)
and filtered through a 20 um filter. For Benzonase-treated viral preps, viral supernatants were
incubated with 1 uL Benzonase (Sigma Aldrich #£1014) per 1mL of viral supernatant for 30
minutes at 37°C after dilution in 10X Benzonase Buffer (500mM Tris-HCI pH 8.0, 10mM MgCly,
1 mg/mL Bovine Serum Albumin). For HIV-1 vectors used in Figure 4D-F, HEK293 cells were
seeded at 75% confluency in 6-well plates. Transfections were performed with 6.25 pL TransIT
LT1 transfection reagent (Mirus) in 250 pL Opti-MEM (Gibco) with 2.49 g total plasmid DNA.
2.18 ug of env-defective HIV-1 provirus containing GFP reporter was cotransfected with 0.31 ug
pMD2.G VSV G plasmid (Addgene #12259). Simian immunodeficiency virus (SIV)-VLPs
containing Vpx were produced by the transfection of 2.18 ug pSIV-Apsi/Aenv/AVif/AVpr
(Addgene #132928) and 0.31 ug pMD2.G plasmid. 16 hours post transfection, the culture media
was changed to the media for MoDC culture. Viral supernatant was harvested 2 days later,
filtered through a 0.45 um filter and stored at —-80 °C. For lentiviral preps (lentiCRISPRv2 and
pHIV), 293Ts were transfected with 667 ng lentiviral plasmid, 500 ng psPAX2 and 333 ng
MD2G. For PIKAwnwv library preps, supernatants from 20 x 6 well plates were combined and
concentrated by ultracentrifugation. 30 mL of supernatant per SW-28 tube were underlaid with
sterile-filtered 20% sucrose (1 mM EDTA, 20 mM HEPES, 100 mM NaCl, 20% sucrose) and
spun in an SW28 rotor at 23,000 rpm for 1 hr at 4°C in a Beckman Coulter Optima L-90K
Ultracentrifuge. Supernatants were decanted, pellets resuspended in DMEM over several hours

at 4°C and aliquots frozen at —80°C. All viral and lentiviral infections and transductions, except
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those in Figure 4D-F or Figure 5, were done in the presence of 20 ug/mL DEAE-Dextran (Sigma
#D9885).

HIV-CRISPR Screening & Screen Analysis. HIV-CRISPR Screening and Analysis was
performed as described (OhAinle et al., 2018) with the ISG-specific PIKAn library with the
exception that the viral dose used in each screen allowed for infection of only ~10-30% of cells
for each capsid mutant virus. All screens were performed in a clonal THP-1 ZAP-KO cell
line(OhAinle et al., 2018). Analysis of screen data was performed as previously described
(OhAinle et al., 2018) with the exception that single mismatches were allowed when assigning

reads to each sample during multiplexing.

Transduction with lentiviral knockdown, knockout and overexpression vectors. For stable
overexpression of TRIM34, THP-1 cells were transduced with pHIV/dTomato-TRIM34 or
pHIV/dTomato empty vector lentiviral preps. 2 — 5 days post-transduction cells were sorted for
high dTomato expression to select for high-expressing populations. Transduced cells were
resorted as needed. For shRNA knockdown in MoDCs, 2 x 10° CD14* monocytes/mL were
transduced with a 1:4 volume of SIV-VLPs and a 1:4 volume of knockdown lentivectors, as
indicated. The SIV-VLPs were added to transfer Vpx to the cells in order to overcome
restriction by SAMHD1 against lentiviral transduction (Hrecka et al., 2011; Laguette et al.,
2011). Transduced cells were then selected with both 3 pg/mL puromycin (InvivoGen #ant-pr-1)
and 10 pug/mL blasticidin (InvivoGen #ant-bl-1) for 3 days, starting at day 3 post-transduction. To
generate stable HeLa cell lines used in immunofluorescence assays, a retrovirus was prepared
by transfecting equal amounts of VSV-G, pCigB packaging plasmid, EXN HA-TRIM34 or YXN
YFP-TRIMS into HEK293T cells. Viral supernatant was harvested and filtered through 0.45 pm
filters (Milipore) and applied to HeLa cells. 48 hrs after transduction, G418 was added to the
cells, and following selection, cells were collected to check protein expression by Western
blotting. To generate KO pools, THP-1 cells were transduced with lentiCRISPRv2 vectors and
selection in Puromycin. KO cell pools were validated using genomic editing analysis as

described below (Editing Analysis).

Cas9/RNP Electroporation. Multiplexed Gene Knockout Kits targeting TRIM34 and TRIM5
were purchased from Synthego. The TRIMS Kit includes the following sgRNA target sequences:
AAUCUUGCUUAACGUACAAG, UGGCCACAGUCUAGACUCAA and
GAGGCAGUGACCAGCAUGGG. Primers used to amplify the genomic locus and sequencing
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for TRIMS were: GAAAAGCCCTTATTACCAGG (For) and GAGAATCCATGACTTGGAAG
(Rev). The TRIM34 Kit includes the following sgRNA target sequences:
AGGUCUUGUGGUUUGCAGUG, AGGGGUUAAUGUAAAGGAGG and
GGGAACUGAUCCGGCACACA. TRIM34 amplification and sequencing primers were provided
with the kit. CD4+ T cells were activated for 3 days with 10 ug/mL of plate-bound anti-CD3
(Tonbo Biosciences, clone UCHT1; #70-0038-U100) and 5 ug/mL of diffused anti-CD28 (Tonbo
Biosciences, clone CD28.2; #70-0289-U100). For each electroporation 1 x 10° CD4+ T cells
were pelleted by centrifugation at 100 x g for 10 mins and washed once in PBS. Cells were
resuspended in 25 uL of CRISPR/Cas9 crRNP complexes that were pre-assembled in P3
Primary Cell Nucleofector Solution (Lonza #V4SP-3096) before electroporation in a single well
of a 96-well Nucleocuvette Plate using program EH-115. Each electroporation was diluted with
80 uL of RPMI complete + 125 U/mL IL-2 and allowed to recover for 1-2 hours at 37°C. Cells
resuspended at 2.5 x 10° cells/mL were transferred to a 96-well plate in RPMI complete + 100
U/mL IL-2 and re-activated with anti-CD2/CD3/CD28 beads at a 1:1 ratio (T Cell
Activation/Expansion Kit, Milltenyi Biotec #130-091-441). Two days post-electroporation, each
well was supplemented with 100 uL of RPMI complete + 100 U/mL IL-2. Beginning from 4 days
post-electroporation, cells were maintained and propagated at 1 x 10° cells/mL with fresh RPMI

complete + 100 U/mL IL-2 being added every 2-3 days until infection and editing analysis.

Editing Analysis. Cell populations were analyzed for allele editing frequency as previously
described (OhAinle et al., 2018). Briefly, genomic DNA was isolated with a QlAamp DNA Mini
Kit (Qiagen #51185), amplified by primers surrounding the editing site and sanger sequenced.

Editing levels analyzed by ICE Analysis (Synthego) to obtain an ICE Editing Score.

Exogenous reverse transcriptase assay. A 5 L transfection supernatant containing virions
was lysed in 5 yL 0.25% Triton X-100, 50 mM KCI, 100 mM Tris—HCI pH 7.4 and 0.4 U/uL
RiboLock RNase inhibitor. This viral lysate was then diluted 1:100 in 5 mM (NH4)2S0O4, 20 mM
KCl and 20 mM Tris—HCI pH 8.3. 10 pL of this was then added to a single step, RT-PCR assay
with 35 nM bacteriophage MS2 RNA (Integrated DNA Technologies) as a template, 500 nM of
each primer (5-TCCTGCTCAACTTCCTGTCGAG-3’ and 5'-
CACAGGTCAAACCTCCTAGGAATG-3’) and 0.1 uL hot-start Tag DNA polymerase (Promega)
in 20 mM Tris—HCI pH 8.3, 5 mM (NH4)2SO4, 20 mM KCI, 5 mM MgCl,, 0.1 mg/mL BSA,
1/20,000 SYBR Green | (Invitrogen) and 200 uM dNTPs in a total reaction volume of 20 uL. The

RT-PCR reaction was carried out in a Bio-Rad CFX96 cycler with the following parameters: 42
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Figure 5. TRIM34 colocalizes more frequently with the restricted HIV-1 N74D capsid.
HeLa cells were transduced to express YFP-TRIMbalpha (green) and HA-TRIM34 stably. They
were plated on coverslips and synchronously infected with VSV-G pseudotyped HIV-1 with WT
or N74D capsids as indicated. At 2 hpi, cells were fixed and stained for viral capsid protein p24
(blue) and HA-TRIM34 tag (red). 15 images were collected per condition in three independent
biological replicates.

A: Representative images for mock-infected cells (top row), WT-infected cells (middle row), and
N74D-infected cells (bottom row). Areas of colocalization between TRIM34 and TRIM5 are
indicated by triangles, and triple colocalization between TRIM24, TRIM5 and p24 are indicated
by arrows in the zoomed in images for each channel.

B: Quantification of percent p24 colocalizing with TRIM34 for the WT and N74D virus. P value
was determined by an unpaired t test. Error bars represent SEM of all images collected across
three biological replicates for each condition.

C: Quantification of percent p24 colocalizing with both TRIM34 and TRIM5alpha for the WT and
N74D virus. p value was determined by an unpaired t test. Error bars represent of all images
collected across three biological replicates for each condition.
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