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Molecular basis underlying different antiviral functions in the APOBEC3 family
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Cellular enzymes of the APOBEC3 family (7 members encoded in human) exhibit
potent antiviral activity against retroviruses including HIV. However, HIV expresses viral factor,
Vif protein, in its infected cells and abrogates the APOBEC3-mediated defense system. Structural
determinations of APOBEC3 family proteins are required to understand their antiviral functions and
Vif-mediated antagonisms. In this study, we determined high-resolution crystal structures of APOBEC3

family proteins (2 of them) and clarified their structural/biochemical features underlying their
molecular mechanisms. Especially, our determination of APOBEC3H crystal structure and unexpected
findings of its biochemical properties provide important insights into the APOBEC3-mediated
antiviral mechanisms as well as cancer and genetic mutations.
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1. APOBEC3-mediated RT elongation
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3. Vif-binding Regions in APOBEC3s
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4. APOBEC3H Structure & Stability

APOBEC3H dsRNA

APOBEC3H
APOBEC3H

APOBEC3H (20kDa)
DNA
dsRNA

ssDNA dsRNA

APOBEC3H

dsRNA

dsRNA

20

Furukawa S, Uota S, Yamana T,
Sahara R, Iihara K, Yokomaku Y,
Iwatani Y, and Sugiura W.
Distribution of Human
Papillomavirus Genotype in Anal
Condyloma  Acuminatum  Among
Japanese Men: The Higher Prevalence
of High Risk Human Papillomavirus
in Men Who Have Sex with Men with
HIV Infection. AIDS Res Hum
Retroviruses, ,34, 2018,
375-381, DOI: 10.1089/A1D.2017.0197
Nemoto M, Hattori H, Maeda N, Akita
N, Muramatsu H, Moritani S,
Kawasaki T, Maejima M, Ode H,
Hachiya A, Sugiura W, Yokomaku Y,
Horibe K, and Iwatani Y. Compound
heterozygous TYK2 mutations
underlie primary immunodeficiency
with T-cell lymphopenia. Scientific
Reports, ,8, 2018, 6956, DOI:
10.1038/s41598-018-25260-8

Baudi I, Iijima S, Chin'ombe N,
Mtapuri-Zinyowera S, Murakami S,
Isogawa M, Hachiya A, Iwatani Y, and
Tanaka Y. Molecular epidemiology of
co-infection with hepatitis B virus and
human immunodeficiency virus (HIV)
among adult patients in Harare,
Zimbabwe. J Med Virol, ,89,
2017, 257-266, DOI:
10.1002/jmv.24641



Hachiya A, Kirby KA, Ido Y, Shigemi
U, Matsuda M, Okazaki R, Imamura J,
Sarafianos SG, Yokomaku Y, and
Iwatani Y. Impact of HIV-1 Integrase
L74F and V751 Mutations in a Clinical
Isolate on Resistance to
Second-Generation Integrase Strand
Transfer Inhibitors. Antimicrob
Agents Chemother, ,61, 2017,
DOI: 10.1128/AAC.00315-17
Nakashima M, Tsuzuki S, Awazu H,
Hamano A, Okada A, Ode H, Maejima
M, Hachiya A, Yokomaku Y, Watanabe
N, Akari H, and Iwatani Y. Mapping
Region of Human Restriction Factor
APOBEC3H Critical for Interaction
with HIV-1 Vif. J Mol Biol, ,429,
2017, 1262-1276, DOLI:
10.1016/3.jmb.2017.03.019

Nomaguchi M, Doi N, Yoshida T,
Koma T, Adachi S, Ode H, Iwatani Y,
Yokoyama M, Sato H, and Adachi A.
Production of HIV-1 vif mRNA Is
Modulated by Natural Nucleotide
Variations and SLSA1 RNA Structure
in SA1D2prox Genomic Region. Front
Microbiol, ,8, 2017, 2542, DOI:
10.3389/fmich.2017.02542

Shigefuku R, Watanabe T, Kanno Y,
Ikeda H, Nakano H, Hattori N,
Matsunaga K, Matsumoto N, Kanno
SI, Nosho K, Hachiya A, Iwatani Y,
Matsumori T, Tsukikawa S, Makizumi
R, Otsubo T, Yamamoto H, and Itoh F.
Fusobacterium nucleatum detected
simultaneously in a pyogenic liver
abscess and advanced sigmoid colon
cancer. Anaerobe, ,48, 2017,
144-146, DOI:
10.1016/j.anaerobe.2017.08.010

Baudi I, Iijima S, Chin'ombe N,
Mtapuri-Zinyowera S, Murakami S,
Isogawa M, Hachiya A, Iwatani Y, and
Tanaka Y. Molecular epidemiology of
co-infection with hepatitis B virus and
human immunodeficiency virus (HIV)
among adult patients in Harare,
Zimbabwe. Journal of Medical
Virology, ,2016, DOI:
10.1002/jmv.24641

Hosaka M, Fujisaki S, Masakane A,
Hattori J, Shiino T, Gatanaga H,
Shigemi U, Okazaki R, Hachiya A,
Matsuda M, Ibe S, Iwatani Y,
Yokomaku Y, Sugiura W, and
Japanese Drug Resistance HIVSNT.
HIV-1 CRFO1_AE and Subtype B
Transmission Networks Crossover: A
New AE/B Recombinant Identified in
Japan. AIDS Research and Human

Retroviruses, ,32, 2016,
412-419, DOI: 10.1089/a1d.2015.0192
Nakamura N, Kobayashi S, Minagawa
H, Matsushita T, Sugiura W, and
Iwatani Y. Molecular epidemiology of
enteric viruses in patients with acute
gastroenteritis in Aichi prefecture,
Japan, 2008/09-2013/14. Journal of
Medical Virology, ,88, 2016,
1180-1186, DOI: 10.1002/jmv.24445
Nakashima M, Ode H, Suzuki K,
Fujino M, Maejima M, Kimura Y,
Masaoka T, Hattori J, Matsuda M,
Hachiya A, Yokomaku Y, Suzuki A,
Watanabe N, Sugiura W, and Iwatani
Y. Unique Flap Conformation in an
HIV-1 Protease with High-Level
Darunavir Resistance. Frontiers in
Microbiology, ,7, 2016, 61, DOI:
10.3389/fmicb.2016.00061
Nomaguchi M, Doi N, Sakai Y, Ode H,
Iwatani Y, Ueno T, Matsumoto Y,
Miyazaki Y, Masuda T, and Adachi A.
Natural Single-Nucleotide Variations
in the HIV-1 Genomic SAlprox Region
Can Alter Viral Replication Ability by
Regulating Vif Expression Levels.
Journal of Virology, ,90, 2016,
4563-4578, DOI:
10.1128/JVI.02939-15
Ogawa S, Hachiya A, Hosaka M,
Matsuda M, Ode H, Shigemi U,
Okazaki R, Sadamasu K, Nagashima
M, Toyokawa T, Tateyama M, Tanaka
Y, Sugiura W, Yokomaku Y, and
Iwatani Y. A Novel Drug-Resistant
HIV-1 Circulating Recombinant Form
CRF76_01B Identified by Near
Full-Length Genome Analysis. AIDS
Research and Human Retroviruses,
,32, 2016, 284-289, DOI:
10.1089/AID.2015.0304
Okada A, and Iwatani Y.
APOBEC3G-mediated G-to-A
hypermutation of the HIV-1 genome:
the missing link in antiviral molecular
mechanisms. Frontiers in
Microbiology, ,7, 2016, 2027,
DOI: 10.3389/fmicb.2016.02027
Tsuzuki Y, Watanabe T, Lio E, Fujisaki
S, Ibe S, Kani S, Hamada-Tsutsumi S,
Yokomaku Y, Iwatani Y, Sugiura W,
Okuse C, Okumura A, Sato Y, and
Tanaka Y. Virological characteristics
of hepatitis B genotype G/A2
recombination virus in Japan.
Hepatology Research, ,46, 2016,
775-783, DOI: 10.1111/hepr.12612
Hachiya A, Ode H, Matsuda M, Kito Y,
Shigemi U, Matsuoka K, Imamura J,



Yokomaku Y, Iwatani Y, and Sugiura
W. Natural polymorphism S119R of
HIV-1 integrase enhances primary
INSTI resistance. Antiviral Research,
, 119, 2015, 84-88, DOI:
10.1016/j.antiviral.2015.04.014
Matsunaga S, Masaoka T, Sawasaki T,
Morishita R, Iwatani Y, Tatsumi M,
Endo Y, Yamamoto N, Sugiura W, and
Ryo A. A cell-free enzymatic activity
assay for the evaluation of HIV-1 drug
resistance to protease inhibitors.
Frontiers in Microbiology, ,6,
2015, 1220, DOI:
10.3389/fmicb.2015.01220
Ode H, Matsuda M, Matsuoka K,
Hachiya A, Hattori J, Kito Y,
Yokomaku Y, Iwatani Y, and Sugiura
W. Quasispecies Analyses of the HIV-1
Near-full-length Genome With
Illumina  MiSeq. Frontiers in
Microbiology, ,6, 2015, 1258,
DOI: 10.3389/fmicb.2015.01258
Sakurai D, Iwatani Y, Ohtani H,
Naruse TK, Terunuma H, Sugiura W,
and Kimura A. APOBEC3H
polymorphisms associated with the
susceptibility to HIV-1 infection and
AIDS progression in dJapanese.
Immunogenetics, ,67, 2015,
253-257, DOI:
10.1007/s00251-015-0829-2
. APOBEC3 VIF

, .88, 2016, 88, DOL:
10.14952/SEIKAGAKU.2016.880563

20

Iwatani Y, Analysis of structural and
functional roles of the HIV-1 Vif PPLP
motif region, 65

2017 10
Hachiya A (Iwatani Y), Visualization
of wviral DNA dynamics during
INSTI-resistant HIV-1 replication,

31 2017
11

Hachiya A (Iwatani Y), Impact of
Clinically Observed Integrase
Mutations, L74f/V751, on

Second-Generation Integrase Strand
Transfer Inhibitor Resistance, Cold
Spring Harbor Laboratory 2017
Annual Meeting on Retroviruses, 2017
5 , New York, NY. USA

( ) APOBEC3H
HIV-1 Vif
30 2016
11

HIV-1 Vif PPLP
APOBEC3
30 2016
11
Hachiya A (Iwatani Y), Novel
mutation patterns in HIV-1 Integrase
conferring high-level resistance to the
first-generation  Integrase  strand
transfer inhibitors, 64
2016 10
Maejima M (Iwatani Y), A study on
false-positive serological cases for
HIV-2 in Japan, 64
2016 10
Ode H (Iwatani Y), Comparative
analysis of HIV-1 and HIV-2
integration sites, 64
2016 10
Iwatani Y, Structural characterization
of the APOBEC3H region important
for HIV-1 Vif interaction, 64
2016 10

Ode H (Iwatani Y), Comparative
analysis of intergration sites between
HIV-1 and HIV-2, Cold Spring Harbor
Laboratory 2016 Annual Meeting on
Retroviruses, 2016 5 , New York,
NY. USA

Nakashima M (Iwatani Y), Structural
features of the APOBEC3H region
critical for HIV-1 Vif interaction, Cold
Spring Harbor Laboratory 2016
Annual Meeting on Retroviruses, 2016

5 , New York, NY. USA

Iwatani Y, Nationwide surveillance of
drug-resistant HIV-1 in newly
diagnosed patients in Japan, 18th
International Conference on Emerging
Infectious Diseases (EID), AIDS panel,
2016 1 , North Bethesda, MD,
USA

HIV 6
2015 12
HIV-1 APOBEC3
56 2015 12
HIV-1 Vif APOBEC3
29
2015 11

Nakashima M (Iwatani Y),
Comparative analysis of the antiviral
APOBEC3C enzymes in primates:
implication for degeneration of their
catalytic activities, 63

2015 11
Iwatani Y, Structural insights into



6V
(

HIV-1 Vif interactions with APOBEC3

cytidine deaminases, 63
2015 11
Iwatani Y, HIV-1 Vif APOBECS3
, 17
2015 6

Nakashima M (Iwatani Y),
Structure-based analysis of HIV-1
Vif-APOBEC3F interaction, Cold
Spring Harbor Laboratory 2015
Annual Meeting on Retroviruses, 2015
5 , New York, NY. USA
Ode H (Iwatani Y), Quasispecies
evaluation across HIV-1
near-full-length genome via Illumina
MiSeq, Cold Spring Harbor
Laboratory 2015 Annual Meeting on
Retroviruses, 2015 5 , New York,
NY. USA

IWATANI YASUMASA
)

90303403



