
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Antiviral Research 182 (2020) 104874

Available online 28 July 2020
0166-3542/© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Short Communication 

Topoisomerase III-β is required for efficient replication of positive-sense 
RNA viruses 

K. Reddisiva Prasanth a, Minato Hirano a, W. Samuel Fagg a,b, Eileen T. McAnarney c, 
Chao Shan a, Xuping Xie a, Adam Hage c, Colette A. Pietzsch d,e, Alexander Bukreyev d,e, 
Ricardo Rajsbaum c,f, Pei-Yong Shi a,f, Mark T. Bedford g, Shelton S. Bradrick a,f,1, 
Vineet Menachery c, Mariano A. Garcia-Blanco a,f,h,* 

a Department of Biochemistry and Molecular Biology, University of Texas Medical Branch, Galveston, TX, USA 
b Transplant Division, Department of Surgery, University of Texas Medical Branch, Galveston, TX, USA 
c Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, TX, USA 
d Department of Pathology, University of Texas Medical Branch, Galveston, TX, USA 
e Galveston National Laboratory, University of Texas Medical Branch, Galveston, TX, USA 
f Institute of Human Infections and Immunity, University of Texas Medical Branch, Galveston, TX, USA 
g Department of Epigenetics and Molecular Carcinogenesis, MD Anderson Cancer Center, Smithville, TX, USA 
h Programme in Emerging Infectious Diseases, Duke-NUS Medical School, Singapore   

A R T I C L E  I N F O   

Keywords: 
Topoisomerase III-ß (TOP3B) 
Positive stranded RNA viruses 
Host factor 
Dengue 
SARS-CoV-2 

A B S T R A C T   

Based on genome-scale loss-of-function screens we discovered that Topoisomerase III-β (TOP3B), a human 
topoisomerase that acts on DNA and RNA, is required for yellow fever virus and dengue virus-2 replication. 
Remarkably, we found that TOP3B is required for efficient replication of all positive-sense-single stranded RNA 
viruses tested, including SARS-CoV-2. While there are no drugs that specifically inhibit this topoisomerase, we 
posit that TOP3B is an attractive anti-viral target.   

Acute viral infections, particularly those caused by RNA viruses, are 
dangerous threats to public health. This has been made evident by the 
ongoing pandemic of severe acute respiratory syndrome (SARS), offi-
cially named COVID-19, caused by the betacoronavirus SARS-CoV-2. 
When confronted with emerging viruses we are left with few counter-
measures that can be deployed to specifically prevent or treat the dis-
eases they cause. Understanding the molecular mechanisms required for 
viral replication for known viruses can reveal potential vulnerabilities 
for related novel viruses. These vulnerabilities could be based on viral 
targets, such as the RNA-dependent RNA polymerases, or dependency on 
host encoded pro-viral activities. To identify such host pro-viral factors 
we embarked on genome-scale screens for diverse families of viruses and 
identified scores of required host factors (Barrows et al., 2019; Le 
Sommer et al., 2012; Sessions et al., 2009; Anderson et al., 2019). Some 
of these host factors are attractive drug targets. 

A meta-analysis of RNAi-based loss-of-function screens for yellow 
fever virus-17D (YFV) and dengue virus-2 (DENV-2) host factors 

revealed 274 common candidates (Barrows et al., 2019). TDRD3, a 
Tudor domain containing protein that interacts with methylated argi-
nine motifs (Cote and Richard, 2005), was identified as a candidate host 
factor required for both DENV-2 and YFV. In YFV screens TDRD3 ranked 
66th of over 21,500 gene products in terms of how well its knockdown 
decreased YFV (adjusted p value = 0.0006). CRISPR-Cas9 mediated 
knockout of TDRD3 in HuH-7 cells confirmed that this protein was 
required for efficient DENV-2 replication (Supplementary Fig. 1, Fig. 1A 
and B). 

A well-known function of TDRD3 is to bind and stabilize Topo-
isomerase III-β (TOP3B) (Xu et al., 2013; Stoll et al., 2013; Yang et al., 
2014), a type IA topoisomerase and the only human topoisomerase 
known to act on both DNA and RNA (Xu et al., 2013; Siaw et al., 2016). 
We confirmed that in HuH-7 cells TDRD3 interacted with TOP3B 
(Supplementary Fig. 2) and stabilized it, since knockout of TDRD3 led to 
very low levels of TOP3B (Fig. 1C). Knockout of TOP3B, which does not 
alter TDRD3 levels, resulted in the same dramatic decrease in DENV-2 as 
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Fig. 1. TOP3B is required for effi-
cient replication of DENV-2. (A) 
TDRD3 levels assessed by western 
blotting with TDRD3 specific antibody 
from lysates of WT and TDRD3 KO 
HuH-7 cells (B) TDRD3 KO inhibits 
DENV-2 propagation; percentage of 
DENV-2 infected HuH-7 cells was 
determined by immunofluorescence 
microscopy using an antibody to the 
envelope protein (left); comparison of 
viral titers in the media of WT and 
TDRD3 KO cell cultures infected with 
DENV-2 (right). (C) TOP3B and TDRD3 
levels assessed by western blotting with 
TOP3B and TDRD3 specific antibodies 
respectively from lysates of WT, TOP3B 
KO and TDRD3 KO HuH-7 cells. (D) 
Comparison of viral titers in the su-
pernatants of WT HuH-7, TDRD3 KO 
and TOP3B KO cells infected with 
DENV-2. (E) TOP3B overexpression 
rescues DENV-2 infection in TDRD3 KO 
cells. WT and TDRD3 KO HuH-7 cells 
transfected with plasmids expressing 
GFP-TDRD3, GFP-TOP3B or a control 
plasmid (GFP) were infected with 
DENV-2. The supernatants were har-
vested 72 hpi and the viral titers were 
determined by plaque assay. (F) TDRD3 
overexpression does not rescue DENV-2 
infection in TOP3B KO cells. WT and 
TOP3B KO HuH-7 cells transfected with 
plasmids expressing GFP-TOP3B, GFP- 
TDRD3, or a control plasmid (GFP) 
were infected with DENV. The super-
natants were harvested 72 hpi and the 
viral titers were determined by plaque 
assay. In the western blots shown in E 
and F in the panels probed for both 
TOP3B and TDRD3 we could not 
distinguish the endogenous TOP3B 
band. (H) Crosslinking and immuno-
precipitation (CLIP) indicates binding 
of FLAG-TOP3B in HEK-293 cells to 
cellular and DENV-2 RNAs. (G) Cross-
linking of FLAG-TOP3B to DENV-2 
RNA depended on UV irradiation and 
induction of FLAG-TOP3B expression. 
*: p < 0.05, **: p < 0.01, ***: p <
0.001 and ****: p < 0.0001.   
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Fig. 2. TOP3B is required for efficient replication of a diverse group 
of (þ) ss RNA viruses. (A) Influenza A virus (IAV) and Ebola virus 
(EBOV) replicate efficiently in TOP3B KO cells. A time course of viral 
titers in the media of WT and TDRD3 KO cultures infected with IAV 
(left); HPI, hours post infection. Viral titers in the media of WT and 
TDRD3 KO cultures infected with EBOV (right). (B) TDRD3 KO inhibits 
luciferase expression by a reporter chikungunya virus (left); TOP3B KO 
inhibits percentage of CVB3 infected HuH-7 cells (right). (C) TOP3B KO 
inhibits viral titers in the media of SARS-CoV, SARS-CoV-2, MERS-CoV, 
and SCH 1 014-CoV infected cell cultures. *: p < 0.05, **: p < 0.01, ***: 
p < 0.001 and ****: p < 0.0001.   
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knockout of TDRD3 (Supplementary Fig. 1A and 1C & D), which sug-
gested that a major, or perhaps the only role of TDRD3 in viral repli-
cation was to stabilize TOP3B. Indeed, TOP3B overexpression rescued 
DENV-2 infection in TDRD3 KO cells (Fig. 1E), while the reverse was 
not true (Fig. 1F). Therefore, we conclude that TOP3B is a proviral host 
factor for DENV-2. Not surprisingly, TOP3B was also required for effi-
cient replication of YFV and Zika virus (Cambodian strain) (Supple-
mentary Fig. 3), leading us to suggest that TOP3B is required for diverse 
flaviviruses. 

The genetic approaches we utilized above do not distinguish between 
direct and indirect modes of action. To address whether or not TOP3B 
directly interacted with DENV-2 genomes we used UV crosslinking fol-
lowed by RNA immunoprecipitation (CLIP). We carried out CLIP assays 
using a HEK-293T cell line that expressed a FLAG-tagged TOP3B upon 
doxycycline treatment and anti-FLAG antibodies to carry out the 
immunoprecipitation. FLAG-TOP3B preferentially crosslinked to 
CELSR2 RNA, which is known to bind this topoisomerase (Xu et al., 
2013), relative to EEF1A1 RNA, which we use as a negative control 
(Fig. 1G). Importantly, TOP3B crosslinked DENV-2 RNA (Fig. 1G and H), 
strongly suggesting that TOP3B acts directly on the viral genome. 

Since TOP3B was required for DENV-2, YFV and ZIKV replication, we 
asked whether or not this topoisomerase was required for replication of 
other viruses. Influenza A virus, which has a negative-sense segmented 
RNA genome, replicated significantly better in TOP3B KO cells than in 
the parental HuH-7 cells (Fig. 2A, left panel), suggesting that TOP3B 
plays an anti-viral role for influenza A virus. We also tested Ebola virus, 
which has a negative sense RNA genome and again noted that Ebola 
virus replicated slightly better in TOP3B KO cells than in the parental 
HuH-7 cells (Fig. 2A, right panel). We thus suggest that TOP3B is not 
required for influenza A virus or Ebola virus replication. 

We tested a series of positive-sense single-stranded RNA viruses ((+) 
ss RNA viruses). A recombinant chikungunya virus (CHIKV), an alpha-
virus, was sensitive to TDRD3 knockout (Fig. 2B, left panel), and cox-
sackievirus B3 (CVB3), an enterovirus, was dependent on TOP3B or 
TDRD3 for efficient replication (Fig. 2B, right panel, & Supplementary 
Fig. 4). Most important in the context of the COVID-19 pandemic, four 
betacoronaviruses, SARS-CoV, SARS-CoV-2, MERS-CoV, and SCH 1 014- 
CoV, a bat coronavirus, were significantly crippled by TOP3B KO 
(Fig. 2C). These results indicated that TOP3B is required for efficient 
replication of a diverse group of (+) ss RNA viruses. 

Among host factors required for diverse groups of RNA viruses are 
components of the translation machinery and the proteasome, in addi-
tion to factors that mediate membrane transactions required for entry 
and exit of viruses. The understanding of the broad requirement for 
TOP3B among (+) ss RNA viruses will likely provide important insights 
into heretofore understudied steps in their lifecycles. While the human 
topoisomerase TOP1, a type IB topoisomerase, has been shown to 
exacerbate inflammation induced by RNA virus infection (Rialdi et al., 
2016), the direct action of an RNA topoisomerase in viral replication is 
unprecedented. A requirement for a RNA topoisomerase as a critical 
cofactor for (+) ss RNA viruses is reasonable since viral genomes, 
because of their complex structures and size, especially the large coro-
naviruses, may lend themselves to topological problems (Ahmad et al., 
2016; Pommier et al., 2016). 

Could TOP3B be considered an antiviral drug target? It must be clear 
that we ask this suggestion responsibly with full understanding that our 
work is an early step in what must be a rigorous process to identify 
effective antivirals. We also note that the level of reduction in viral 
propagation caused by TOP3B KO varied depending on the virus studied 
between 10-fold (e.g., DENV-2) to approximately 100-fold (e.g., for 
MERS-CoV), and this may not be enough to alter infection in vivo. 
Nonetheless, several facts support an exploration of TOP3B as an anti-
viral drug target. TOP3B− /- mice are viable (Kwan and Wang, 2001) and 
humans with a homozygous 240-kb deletion of chromosome 22q11.22 
spanning the TOP3B gene are also viable (Stoll et al., 2013). Although 
both homozygous null mice and humans have abnormal phenotypes, the 

enzyme is not essential. Topoisomerase inhibitors are well known drugs 
used to treat cancer (e.g. doxorubicin) (Tacar et al., 2013) and bacterial 
infections (e.g., ciproflaxin) (Zhanel et al., 2006). Unfortunately, we are 
not aware of any approved TOP3B drugs and prior to this report there 
was no evidence that inhibiting TOP3B could be a useful in treating 
acute viral infections. In fact other than the ACE-2 receptor, and perhaps 
furin, required for SARS-CoV-2 attachment and entry (Walls, 2020), 
TOP3B is the only other known required host factor. We hope this brief 
communication will spur interactions between individuals studying 
TOP3B and those working on positive-sense RNA viruses, including 
SARS-CoV-2. 
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