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T7 expression plasmids for producing a recombinant human
G1P[8] rotavirus comprising RIX4414 sequences of the RV1

(Rotarix , GSK) vaccine strain
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ABSTRACT The live oral rotavirus RV1 (Rotarix) vaccine is formulated from the human
G1P[8] RIX4414 virus. Based on RIX4414 sequences, T7 expression plasmids were
constructed that supported recovery of recombinant RIX4414-like viruses by reverse
genetics. These plasmids will advance the study of the RV1 vaccine, possibly allowing
improvements to its efficacy.
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V1 (Rotarix , GSK), the most widely used rotavirus vaccine, is formulated from

the human G1P[8] virus RIX4414 (1, 2). To protect against rotavirus gastroenteri-
tis, >24 million children received the RV1 vaccine in 2021 (2). A challenge to rotavirus
immunization efforts is that RV1 and other rotavirus vaccines have vaccine efficacies
in low-income countries (50%-64%) that can be significantly lower than in high- and
moderate-income countries (85%-98%) (3, 4). We report here the construction of T7
plasmids that allow for the recovery of a recombinant (r) RIX4414-like virus by reverse
genetics. By this method, it may be possible to generate modified forms of the RV1
vaccine with improved performance in low-income countries.

The rotavirus genome consists of 11 segments of double-stranded RNA (5). The
rotavirus strain RIX4414 (originally named 89-12) was isolated from a child with acute
gastroenteritis in 1989 and serially passaged in cell culture to promote the introduction
of attenuating mutations (6). In this study, we designed 11 pT7 expression plasmids, each
containing a cDNA sequence corresponding to one of the RIX4414 genome segments,
using sequencing information for RIX4414 available in GenBank (Table 1). In cases where
RIX4414 sequence information was missing, vis-a-vis, portions of the 5' and 3'-untransla-
ted regions, sequence information for the prototypic human G1P[8] Wa virus was used
instead (Table 1). Because the original pT7/RIX4414 VP2 plasmid was not functional in the
reverse genetics system, the VP2 coding region was slightly modified to include residues
common to other human G1/4P[8] virus strains [e.g., Wa, KU (7), Odelia (8)] (Table 1). To
generate pT7/RIX4414 plasmids, RIX4414 cDNA sequences were made with an upstream
T7 promoter and downstream hepatitis D virus ribozyme and T7 terminator, by Gibson
assembly of oligonucleotide fragments (9, 10). These cDNAs were inserted into the EcoRV
site of pUC-GW-Amp plasmids (Azenta).

The pT7/RIX4414 plasmids supported recovery of rRIX4414-like virus using a modified
reverse genetics procedure (11, 12). Briefly, BHK-T7 monolayers in 12-well plates were
transfected with plasmid mixtures containing 0.8 pg of each pT7/RIX4414 plasmid
(except the NSP2 and NSP5 plasmids, which were 4.8 ug each), 1.6 ug of pCMV/NP868R
capping plasmid, and 1.6 pg of pcDNA/T7 RNA polymerase plasmid. Two days later,
the transfected cells were overseeded with 10° MA104 cells. Three days later, the BHK-T7/
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FIG 1 Recovery of recombinant RIX4414-like virus by reverse genetics. rRIX4414L and RIX4414 derived
from RV1 vaccine (VRIX4414) were resolved by electrophoresis on a 10% polyacrylamide gel and stained
with ethidium bromide. Genome segments 1-11 of rRIX4414L are indicated.

MA104 cells was overseeded with 10° Vero cells. Eight days later, viruses in the cell lysates
were amplified on Vero cells and plaque isolated on MA104 cells (13). The RNA genome
of the rRIX4414-like isolate is shown in Fig. 1, and the genome sequence of the rRIX4414-
like isolate was confirmed by Nanopore sequencing (14). Based on sequence analysis, the
rRIX4414-like virus has nucleotide and amino acid sequence identities of >99% with the
vaccine RIX4414 (lab-strain) virus (accession numbers for the lab strain provided in Table
1), making the rRIX4414 reverse genetics system a possible tool for investigating genetic
changes that may improve RV1 performance.

ACKNOWLEDGMENTS

Our appreciation goes out to all the members of the rotavirus research group for their
support and encouragement on the project.

This work was supported by funds provided by GIVAX, Inc.,, National Institute of
Allergy and Infectious Disease, NIH (R21A1144881), and the Lawrence M. Blatt Endow-
ment.

JTP has an interest in biotechnology companies developing vaccines using
recombinant rotaviruses.

AUTHOR AFFILIATIONS

'Department of Biology, Indiana University Bloomington, Bloomington, Indiana, USA
’Department of Electron Microscopy and Histopathology, Noguchi Memorial Institute for
Medical Research, College of Health Sciences, University of Ghana, Accra, Ghana

PRESENT ADDRESS

Asha A. Philip, CSL Seqirus, Waltham, Massachusetts, USA
Guanghui Yi, Janssen Research and Development, Brisbane, California, USA

November 2023 Volume 12 Issue 11

Microbiology Resource Announcements

10.1128/MRA.00603-23 3

Downloaded from https://journals.asm.org/journal/mra on 04 December 2023 by 197.255.68.86.


https://doi.org/10.1128/MRA.00603-23

Announcement

AUTHOR ORCIDs

Chantal A. Agbemabiese (2 http://orcid.org/0000-0003-1862-9408

John T. Patton & http://orcid.org/0000-0003-1572-0732

Microbiology Resource Announcements

FUNDING
Funder Grant(s) Author(s)
HHS | National Institutes of Health (NIH) R21A144881 John T. Patton

GIVAX, INC

John T. Patton

Lawrence M. Blatt Endowment

John T. Patton

AUTHOR CONTRIBUTIONS

Asha A. Philip, Conceptualization, Investigation, Methodology, Writing - review and
editing | Chantal A. Agbemabiese, Conceptualization, Data curation, Investigation,
Methodology, Visualization, Writing - review and editing | Guanghui Yi, Conceptualiza-
tion, Investigation, Methodology, Writing — review and editing | John T. Patton, Concep-
tualization, Funding acquisition, Project administration, Supervision, Writing - original
draft, Writing - review and editing

DATA AVAILABILITY

The pT7/RIX4414 plasmids will be provided upon request to the corresponding author.
GenBank accession numbers for the pT7 plasmids are given in Table 1.

REFERENCES

1.

November 2023 Volume 12

Ward RL, Bernstein DI. 2009. Rotarix: a rotavirus vaccine for the world.
Clin Infect Dis 48:222-228. https://doi.org/10.1086/595702

UNICEF. 2022. Rotavirus vaccine: Supply and demand update. UNICEF
Supply Division

Jonesteller CL, Burnett E, Yen C, Tate JE, Parashar UD. 2017. Effectiveness
of rotavirus vaccination: a systematic review of the first decade of global
postlicensure data, 2006-2016. Clin Infect Dis 65:840-850. https://doi.
org/10.1093/cid/cix369

Bergman H, Henschke N, Hungerford D, Pitan F, Ndwandwe D, Cunliffe
N, Soares-Weiser K. 2021. Vaccines for preventing rotavirus diarrhoea:
vaccines in use. Cochrane Database Syst Rev 11:CD008521. https://doi.
org/10.1002/14651858.CD008521.pub6

Trask SD, McDonald SM, Patton JT. 2012. Structural insights into the
coupling of virion assembly and rotavirus replication. Nat Rev Microbiol
10:165-177. https://doi.org/10.1038/nrmicro2673

Bernstein DI, Smith VE, Sherwood JR, Schiff GM, Sander DS, DeFeudis D,
Spriggs DR, Ward RL. 1998. Safety and immunogenicity of live,
attenuated human rotavirus vaccine 89-12. Vaccine 16:381-387. https://
doi.org/10.1016/50264-410x(97)00210-7

Komoto S, Fukuda S, Kugita M, Hatazawa R, Koyama C, Katayama K,
Murata T, Taniguchi K. 2019. Generation of infectious recombinant
human rotaviruses from just 11 cloned cDNAs encoding the rotavirus
genome. J Virol 93:02207-18. https://doi.org/10.1128/JV1.02207-18
Kawagishi T, Nurdin JA, Onishi M, Nouda R, Kanai Y, Tajima T, Ushijima H,
Kobayashi T. 2020. Reverse genetics system for a human group a
rotavirus. J Virol 94:e00963-19. https://doi.org/10.1128/JVI.00963-19

Issue 11

9.

10.

1.

12.

13.

14.

Kanai Y, Komoto S, Kawagishi T, Nouda R, Nagasawa N, Onishi M,
Matsuura Y, Taniguchi K, Kobayashi T. 2017. Entirely plasmid-based
reverse genetics system for rotaviruses. Proc Natl Acad Sci U S A
114:2349-2354. https://doi.org/10.1073/pnas.1618424114

Philip AA, Perry JL, Eaton HE, Shmulevitz M, Hyser JM, Patton JT. 2019.
Generation of recombinant rotavirus expressing Nsp3-UnaG fusion
protein by a simplified reverse genetics system. J Virol 93:e01616-19.
https://doi.org/10.1128/JV1.01616-19

Philip AA, Dai J, Katen SP, Patton JT. 2020. Simplified reverse genetics
method to recover recombinant rotaviruses expressing reporter
proteins. J Vis Exp, no. 158 (April). https://doi.org/10.3791/61039

Philip AA, Patton JT. 2022. Generation of recombinant rotaviruses
expressing human norovirus capsid proteins. J Virol 96:0126222. https:/
/doi.org/10.1128/jvi.01262-22

Arnold M, Patton JT, McDonald SM. 2009. Culturing, storage, and
quantification of rotaviruses. Curr Protoc Microbiol Chapter 15:Unit
15C.3. https://doi.org/10.1002/9780471729259.mc15c03s515

Faizuloev E, Mintaev R, Petrusha O, Marova A, Smirnova D, Ammour Y,
Meskina E, Sergeev O, Zhavoronok S, Karaulov A, Svitich O, Zverev V.
2021. New approach of genetic characterization of group a rotaviruses
by the nanopore sequencing method. J Virol Methods 292:114114.
https://doi.org/10.1016/j.jviromet.2021.114114

10.1128/MRA.00603-23 4

Downloaded from https://journals.asm.org/journal/mra on 04 December 2023 by 197.255.68.86.


https://doi.org/10.1086/595702
https://doi.org/10.1093/cid/cix369
https://doi.org/10.1002/14651858.CD008521.pub6
https://doi.org/10.1038/nrmicro2673
https://doi.org/10.1016/s0264-410x(97)00210-7
https://doi.org/10.1128/JVI.02207-18
https://doi.org/10.1128/JVI.00963-19
https://doi.org/10.1073/pnas.1618424114
https://doi.org/10.1128/JVI.01616-19
https://doi.org/10.3791/61039
https://doi.org/10.1128/jvi.01262-22
https://doi.org/10.1002/9780471729259.mc15c03s15
https://doi.org/10.1016/j.jviromet.2021.114114
https://doi.org/10.1128/MRA.00603-23

	T7 expression plasmids for producing a recombinant human G1P[8] rotavirus comprising RIX4414 sequences of the RV1 (Rotarix , GSK) vaccine strain

