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Review Article

Sensing DNA Viruses and Bacteria by Intracellular DNA Sensors

Na-Rae Lee, Han-Bo Shin, Hye-In Kim, Myung-Soo Choi and Kyung-Soo Inn"

Department of Pharmaceutical Science, College of Pharmacy, Kyung Hee University, Seoul, Korea

The innate immune system confers first-line defense against various pathogens including bacteria and viruses. Early

detection of invading pathogens by the host depends on a limited number of specific pattern recognition receptors (PRRs)

that detect pathogen associated molecular patterns (PAMPs) and activate signal transduction cascades that lead to

activation of defense mechanisms. Among those sensors, RIG-I-like receptors (RLRs) play crucial roles in the detection

of viruses by recognizing intracellular viral patterns such as viral RNAs to induce type-I interferon production. The

discovery of intracellular RNA sensing mechanism by RIG-I prompted the investigations to find out intracellular DNA
sensors. Recently, several proteins including DAL, AIM2, IFI16, and cGAS have been suggested as DNA sensing
molecules to detect DNA viruses and bacteria, suggesting there are multiple receptors for microbial DNA. In this review,

we discuss the current our understanding of sensing microbial DNA and subsequent induction of immune responses.
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Table 1. List of cytosolic DNA sensors.

DNA sensors Related pathogens Ligand
DAI' HSV1® dsDNA
RNA Pol III? HSV1, Adenovirus, EBV®, L. pneumophilia® dsDNA
. S DHX9/DHX36° HSV1 CpG DNA
Type-I interferon induction .
DDX41 HSV1, Adenovirus dsDNA
LRRFIP1’ VSVY, L. monocytogenes® dsDNA, dsRNA
cGAS* HSV1 dsDNA
o AIM2’ F. tulalensis®, L. monocytogenes, VV¥, mCMV?! dsDNA
Inflammasome activation < )
IF116 HSVI1, KSHV' dsDNA

1DNA dependent activator of 1nterfer0n-regulat0ry factors, "RNA polymerase 111, *(DExD/H) box helicase 9/36, “DEAD box protein 41,
Leucine rich repeat 1nteract1ng protein 1, Cychc GMP-AMP synthase, Absent in melanoma 2, ®gamma-interferon-inducible protem 16.
“Herpes simplex virus 1, Epstein-Barr virus, Legzonella pneumophilia, *Vesicular stomatitis virus, ¢ Listeria monocytogenes, ‘Francisella

tulalensis, €Vaccinia virus, "mouse cytomegalovirus, ‘Kaposi's sarcoma-associated herpesvirus.
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Figure 1. Induction of type-I interferon by intracellular
DNA sensors. It has been shown that intracellular DNA sensors
including DNA-dependent activator of interferon-regulatory factors
(DAI), RNA polymerase III (RNA Pol III), Leucine rich repeat
interacting protein 1 (LRRFIP1), Cyclic GMP-AMP synthase
(cGAS), (DExD/H)-box helicase 9/36 (DHX9/36) can induce
type-I interferon production upon recognition of pathogen-derived
DNA.
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Figure 2. Activation of inflammasome signaling by intra-
cellular DNA sensors. Absent in melanoma 2 (AIM2) and gamma-
interferon-inducible protein 16 (IFI16) activate inflammasome
signaling pathway leading to caspase-1 activation upon recognition
of pathogen-derived DNA.
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2134 ﬁﬁlg}oq TLRJ/]_ _n_/\],z;i‘ H /\1 o /‘]E% @%o}oﬂ
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519 prolL-1B2} prolL-18-S EJSA 1A ME 9= 4
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3k 5 e ARG AATE EA5] RIS 20091

= Al "ol oJs) AlEA &5 DNAE <1
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monocytogenes®t & A Ul 71AARre] 79 Al ASC
Tl S Z-3 inflammasome &/J S F- =31l caspase-
1S &A43}eith (29~33). AIM2E DNAOY 2]k Q1E |
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ele 98-S 4238k pyrin =HQ1o] ASCe} Z3ske]
ANoE At

2.6. IFI160] 2| DNAS| 2IA

HolE AIM29F 2 HIN =S 7HA|aL Qe
IFIl6 Al AEZd EAst= DNAE 1218t in-
flammasome A ZAGAAE FAHIAA F AS0] B
¥tk DNASH A3e = = s8o] d#A -
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