A 22, | gename nnouncements

MICROBIOLOGY

Complete Genome Sequences of Human
Immunodeficiency Type 1 Viruses
Genetically Engineered To Be Tropic for
Rhesus Macaques
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ABSTRACT We have constructed two human immunodeficiency type 1 (HIV-1) de-
rivatives, CXCR4 tropic and CCR5 tropic, that replicate in rhesus macaques. They are
genetically engineered to be resistant to macaque restriction factors against HIV-1,
including TRIM5«, APOBEC3, and tetherin proteins. The two HIV-1 variants described
here are fundamental clones aiming for rhesus infection studies of HIV-1.

uman immunodeficiency type 1 (HIV-1) is not infectious at all for a variety of small

animal species widely used for experimental virus infections. Moreover, significant
portions of basic and applied studies on HIV-1 have been hampered due to the lack of
appropriate primates susceptible to this virus (1-3). Thus, in vivo model studies using
HIV-1 itself and its susceptible hosts are currently thought to be implausible or
extremely difficult. However, regardless of the above striking property of HIV-1, re-
searchers, including us, have made efforts to establish primate models for HIV-1
infection by exquisitely modifying the HIV-1 genome, not by changing or genetically
manipulating host animals. A common theme is the generation of macaque-tropic
HIV-1s that are able to infect various species of macaques (4-9).

HIV-1 is tropic for chimpanzees and humans and causes AIDS almost only in
humans. Macaques, frequently used for primate studies of experimental virus infec-
tions, are not susceptible to HIV-1 at all. Although not completely elucidated yet, the
remarkably narrow species tropism of HIV-1 has resulted mainly from cellular restriction
factors against the virus (10-12), especially from TRIM5a and APOBEC3 proteins. Viral
proteins that interact with and inactivate the TRIM5a and APOBEC3 proteins have been
demonstrated to be Gag capsid and Vif, respectively. We and others have pioneered the
genetic construction of HIV-1 with macaque tropism and successfully generated HIV-1
derivatives tropic for macaque cells by replacing the gag capsid and vif sequences with
those of SIVmac239, a standard clone that replicates well in rhesus macaques and
induces AIDS in infected animals (4, 5). These prototype macaque-tropic HIV-1 clones
encode a complete Vif protein derived from SIVmac239 that is capable of degrading
macaque APOBEC3 proteins, thus fully inactivating their antiviral activities (4, 5).
However, macaque-tropic HIV-1 clones at that stage replicated much more poorly than
the SIVmac239 clone, probably due to the insufficient modifications of the Gag capsid
region. As surrogate animal models for studies on HIV-1 replication, HIV-1 pathogen-
esis, drug evaluation, and/or vaccine development, the rhesus macaque/SIVmac system
has been frequently and successfully used. Taken together, we and others have recently
generated novel versions of rhesus macaque-tropic HIV-1 (HIV-1rmt) clones through
further alterations of the gag capsid region by various genetic methods (13, 14) and
have obtained viruses that replicate in rhesus cells at a level comparable to that of
SIVmac239 (13-15). We have also modified the viral vpu gene (14) to inactivate another
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cellular restriction factor tetherin that can contribute to the species tropism of HIV-1
(10-12). Indeed, our two new HIV-1rmt clones thus generated (14, 16) replicated
considerably in rhesus macaques (our unpublished data).
We sequenced full genomes of the two plasmid DNA clones, designated pMN4/
LSDQgtu and pMN5/LSDQgtu, using an ABI Genetic Analyzer 3130x| (Thermo Fisher
Scientific, USA) with a series of primers. Viruses derived from pMN4/LSDQgtu and
PMN5/LSDQgtu are CXCR4 and CCRS5 tropic, respectively, and are thus useful for various
experimental analyses. These two macaque-tropic proviral clones lay valuable founda-
tions for future HIV-1 model studies in primates.

Accession number(s). The complete genome sequences of HIV-1rmt clones pMN4/

LSDQgtu and pMN5/LSDQgtu have been deposited in DDBJ/EMBL/GenBank under
accession numbers LC315178 and LC315179, respectively.

ACKNOWLEDGMENTS

ence) for editorial assistance.

We thank Kazuko Yoshida (Tokushima University Graduate School of Medical Sci-

This work is supported in part by JSPS KAKENHI grant number JP26293104 from the

Japan Society for the Promotion of Science (JSPS) and by the Research Program on
HIV/AIDS grant number 15545611 from the Japan Agency for Medical Research and
Development (AMED).

REFERENCES

1.

Volume 5

Nomaguchi M, Doi N, Kamada K, Adachi A. 2008. Species barrier of HIV-1
and its jumping by virus engineering. Rev Med Virol 18:261-275. https://
doi.org/10.1002/rmv.576.

. Nomaguchi M, Doi N, Fujiwara S, Adachi A. 2011. Macaque-tropic HIV-1

derivatives: a novel experimental approach to understand viral replication
and evolution in vivo, p 325-348. In Chang TY-L (ed), HIV-host interactions.
InTech, Rijeka, Croatia. http://www.intechopen.com/books/hiv-host
-interactions/macaque-tropic-hiv-1-derivatives-a-novel-experimental
-approach-to-understand-viral-replication-and-e.

. Hatziioannou T, Evans DT. 2012. Animal models for HIV/AIDS research.

Nat Rev Microbiol 10:852-867. https://doi.org/10.1038/nrmicro2911.

. Hatziioannou T, Princiotta M, Piatak M, Jr, Yuan F, Zhang F, Lifson JD,

Bieniasz PD. 2006. Generation of simian-tropic HIV-1 by restriction factor
evasion. Science 314:95. https://doi.org/10.1126/science.1130994.

. Kamada K, Igarashi T, Martin MA, Khamsri B, Hatcho K, Yamashita T,

Fujita M, Uchiyama T, Adachi A. 2006. Generation of HIV-1 derivatives
that productively infect macaque monkey lymphoid cells. Proc Natl Acad
Sci U S A 103:16959-16964. https://doi.org/10.1073/pnas.0608289103.

. lgarashi T, lyengar R, Byrum RA, Buckler-White A, Dewar RL, Buckler CE,

Lane HC, Kamada K, Adachi A, Martin MA. 2007. Human immunodefi-
ciency virus type 1 derivative with 7% simian immunodeficiency virus
genetic content is able to establish infections in pig-tailed macaques. J
Virol 81:11549-11552. https://doi.org/10.1128/JVI.00960-07.

. Hatziioannou T, Ambrose Z, Chung NP, Piatak M, Jr, Yuan F, Trubey CM,

Coalter V, Kiser R, Schneider D, Smedley J, Pung R, Gathuka M, Estes JD,
Veazey RS, KewalRamani VN, Lifson JD, Bieniasz PD. 2009. A macaque
model of HIV-1 infection. Proc Natl Acad Sci U S A 106:4425-4429.
https://doi.org/10.1073/pnas.0812587106.

. Saito A, Nomaguchi M, lijima S, Kuroishi A, Yoshida T, Lee YJ, Hayakawa

T, Kono K, Nakayama EE, Shioda T, Yasutomi Y, Adachi A, Matano T, Akari
H. 2011. Improved capacity of a monkey-tropic HIV-1 derivative to
replicate in cynomolgus monkeys with minimal modifications. Microbes
Infect 13:58-64. https://doi.org/10.1016/j.micinf.2010.10.001.

Issue 39 e01063-17

9.

Thippeshappa R, Polacino P, Yu Kimata MT, Siwak EB, Anderson D, Wang
W, Sherwood L, Arora R, Wen M, Zhou P, Hu SL, Kimata JT. 2011. Vif
substitution enables persistent infection of pig-tailed macaques by hu-
man immunodeficiency virus type 1. J Virol 85:3767-3779. https://doi
.org/10.1128/JVI1.02438-10.

. Blanco-Melo D, Venkatesh S, Bieniasz PD. 2012. Intrinsic cellular defenses

against human immunodeficiency viruses. Immunity 37:399-411.
https://doi.org/10.1016/j.immuni.2012.08.013.

. Harris RS, Hultquist JF, Evans DT. 2012. The restriction factors of human

immunodeficiency virus. J Biol Chem 287:40875-40883. https://doi.org/
10.1074/jbc.R112.416925.

. Malim MH, Bieniasz PD. 2012. HIV restriction factors and mechanisms of

evasion. Cold Spring Harb Perspect Med 2:a006940. https://doi.org/10
.1101/cshperspect.a006940.

. Soll SJ, Wilson SJ, Kutluay SB, Hatziioannou T, Bieniasz PD. 2013. Assisted

evolution enables HIV-1 overcome a high TRIM5a-imposed genetic
barrier to rhesus macaque tropism. PLoS Pathog 9:e1003667. https://doi
.org/10.1371/journal.ppat.1003667.

. Nomaguchi M, Yokoyama M, Kono K, Nakayama EE, Shioda T, Doi N,

Fujiwara S, Saito A, Akari H, Miyakawa K, Ryo A, Ode H, lwatani Y, Miura
T, lgarashi T, Sato H, Adachi A. 2013. Generation of rhesus macaque-
tropic HIV-1 clones that are resistant to major anti-HIV-1 restriction
factors. J Virol 87:11447-11461. https://doi.org/10.1128/JV1.01549-13.

. Nomaguchi M, Nakayama EE, Yokoyama M, Doi N, Igarashi T, Shioda T,

Sato H, Adachi A. 2014. Distinct combinations of amino acid substitu-
tions in N-terminal domain of Gag-capsid afford HIV-1 resistance to
rhesus TRIM5a. Microbes Infect 16:936-944. https://doi.org/10.1016/j
.micinf.2014.08.017.

. Doi N, Okubo A, Yamane M, Sakai Y, Adachi A, Nomaguchi M. 2013.

Growth potentials of CCR5-tropic/CXCR4-tropic HIV-Tmt clones in ma-
caque cells. Front Microbiol 4:218. https://doi.org/10.3389/fmicb.2013
.00218.

genomea.asm.org 2


http://www.ncbi.nlm.nih.gov/nuccore/LC315178
http://www.ncbi.nlm.nih.gov/nuccore/LC315179
https://doi.org/10.1002/rmv.576
https://doi.org/10.1002/rmv.576
http://www.intechopen.com/books/hiv-host-interactions/macaque-tropic-hiv-1-derivatives-a-novel-experimental-approach-to-understand-viral-replication-and-e
http://www.intechopen.com/books/hiv-host-interactions/macaque-tropic-hiv-1-derivatives-a-novel-experimental-approach-to-understand-viral-replication-and-e
http://www.intechopen.com/books/hiv-host-interactions/macaque-tropic-hiv-1-derivatives-a-novel-experimental-approach-to-understand-viral-replication-and-e
https://doi.org/10.1038/nrmicro2911
https://doi.org/10.1126/science.1130994
https://doi.org/10.1073/pnas.0608289103
https://doi.org/10.1128/JVI.00960-07
https://doi.org/10.1073/pnas.0812587106
https://doi.org/10.1016/j.micinf.2010.10.001
https://doi.org/10.1128/JVI.02438-10
https://doi.org/10.1128/JVI.02438-10
https://doi.org/10.1016/j.immuni.2012.08.013
https://doi.org/10.1074/jbc.R112.416925
https://doi.org/10.1074/jbc.R112.416925
https://doi.org/10.1101/cshperspect.a006940
https://doi.org/10.1101/cshperspect.a006940
https://doi.org/10.1371/journal.ppat.1003667
https://doi.org/10.1371/journal.ppat.1003667
https://doi.org/10.1128/JVI.01549-13
https://doi.org/10.1016/j.micinf.2014.08.017
https://doi.org/10.1016/j.micinf.2014.08.017
https://doi.org/10.3389/fmicb.2013.00218
https://doi.org/10.3389/fmicb.2013.00218
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

