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Fig. 3: Particle polymorphism and self-assembly mechanisms of 
shrimp nodavirus. Cryo-EM, X-ray crystal and EM struc-
tures of the T = 3 and T = 1 PvNV-LPs, T = 1 ΔN-ARM-PvNV 
SVP and T = 1 ΔN-ARM-PvNVSd SVP. The T = 3 PvNV-LP 
surface and two T = 1 SVP surfaces are rainbow-col-
ored according to their distance from the spike to the 
shell. The diagram shows the putative self-assembly of 
the T = 3 and T = 1 shrimp nodavirus capsids. The basic 
unit of the capsid assembly is the dimeric capsomeres 
(diamond with black solid and dotted lines). The N-ARM 
deletion and the N-terminal fusion tag both might guide 
the assembly of the T = 1 capsid. [Reproduced from Ref. 4]

The obtained detailed crystal and cryo-EM struc-
tures of shrimp nodavirus capsids and their specific 
domains can provide an improved understanding 
of its capsid conformation and the mechanisms of 
the capsid assembly and viral infection, and can 
also be filed to provide new insight to develop an 
appropriate treatment with therapeutic vaccines to 
prevent shrimp nodavirus infection of shrimp in the 
shrimp-farming industry. (Reported by Nai-Chi Chen)

This report features the work of Chun-Jung Chen and 
his collaborators published in Commun. Biol. 2, 72 
(2019).
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Deinococcus Radiodurans Poly ADP-Ribose Glyco-
hydrolase Structure: Exploring Bacterial Poly ADP- 
Ribosylation 
Unlike in eukaryotes, poly ADP-ribosylation (PARylation) remains elusive in prokaryotic or-
ganisms. A combination of structural and biochemical analyses of poly ADP-ribose glycohy-
drolase from Deinococcus radiodurans (DrPARG) shows that DrPARG represents a previously 
unidentified bacterial-type PARG that equips endo-glycohydrolase activity and further deci-
phers the existence of PARylation in bacteria. 

P oly-ADP-ribosylation (PARylation) is a ubiquitous post-translational modification involved in various cellular 
processes. In eukaryotes, PARylation has been widely studied for its relation to DNA damage. In cells, the pro-

duction of PAR polymers is regulated mainly by the activity of abundant nuclear PARP1. Despite the abundance 
of PARP1, most PAR generated by DNA damage is rapidly degraded by poly ADP-ribose glycohydrolase (PARG). 

self-assembly of the PvNV capsid, resulting in particle 
polymorphism for T = 3 or T = 1 assemblies. 
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The first PARG crystal structure derived from Thermomonospora curvata (TcPARG) revealed that the catalytic do-
main belongs to a distant member of the macrodomain protein family; steric hindrance by the ribose cap struc-
ture confines bacterial-type PARG to exo-glycohydrolases.1 Unlike bacterial PARG, canonical PARG (possessed by 
eukaryotes) can function as both exo- and endo-glycohydrolases because they lack the ribose cap loop.2,3

Although some bacterial species are found to possess both PARP (closely related to PARP1) and PARG genes and 
some contain only PARG homologues, bacteria are historically thought to lack poly ADP-ribose metabolism. D. 
radiodurans and other members belonging to the same bacterial genus exhibit remarkable resistance to severe 
DNA damage caused by ionizing and ultraviolet (UV) radiation and many other agents that damage DNA. The 
mechanism of radio-resistance in D. radiodurans remains unclear. D. radiodurans is one of many bacterial species 
possessing PARG homologues in their genomes. As transcriptomic analysis showed upregulated expression of 
D. radiodurans PARG (DrPARG) following radiation damage, it might be involved in DNA damage responses.4 To 
determine the mechanistic basis of DrPARG-mediated ADP-ribose modification, a research team led by Chun-
Hua Hsu (National Taiwan University) solved the structures of apo and ADP-ribose-bound DrPARG. The diffrac-
tion data were collected at TPS 05A, TLS 13B1 and TLS13C1.5

Figures 1(a) and 1(b), show the overall structures and topology of apo and ADP-ribose bound DrPARG.  
Binding of ADP-ribose stabilizes the protein and causes conformational changes to the structure. Additional 
secondary structure such as the α4ʹ helix was induced upon ADP-ribose binding. As compared with DrPARG, 
previously reported bacterial (TcPARG) and canonical PARG (HsPARG and MmPARG) structures show corre-
sponding regions of the α4ʹ helix and the catalytic loop embedded between the conserved macrodomain and 
the N- or C-terminal extension structures (Fig. 1(c)). Binding-induced conformational changes are thus less 
probable in these PARGs. Adopting similar amino acids in coordinating ADP-ribose, compared with TcPARG 
and HsPARG, DrPARG might have a catalytic mechanism toward hydrolysis of poly ADP-ribose (PAR) the same 
as that of TcPARG and HsPARG. A 2’-hydorsyl group exposed to solvents was observed in the DrPARG structure 
whereas DrPARG possesses the ribose cap structure (Fig. 1(d)), indicating that DrPARG might exert an endo-gly-
cohydorlase function. Using molecular modeling, the authors found that Thr267 might play an important role 
in establishing an endo-glycohydrolase activity (Fig. 1(e)) because it does not generate steric hindrance to PAR 
by forming hydrogen bonding with neighboring residues, as does Arg268 of TcPARG (Fig. 1(f)). Investigation 
of the cleavage product of DrPARG shows the existence of short-chain PAR and ADP-ribose oligomers, further 
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confirming that DrPARG possesses 
endo-glycohydrolase activity. This 
result also indicates that Thr267 
was not solely accounted for 
the endo-glycohydrolase activ-
ity as substitution of Thr267 for 
arginine or lysine still generates 
oligomeric ADP-ribose but not 
short-chain PAR in the cleavage 
products (Figs. 1(g) and 1(h)). 
Notably, the authors could not 
define the first 28 residues of 
DrPARG in the map of electron 
density, indicating that the N-ter-
minal region is flexible. This flex-
ibility might also contribute to 
an endo-glycohydrolase activity 
because, without structural sup-
port to fix the catalytic loop by the 
N-terminus (as in TcPARG1) (Fig. 
1(c)), the enzyme can accommo-
date PAR in an endo-mode.

Little is known about bacterial 
PARylation. The structural and 
biochemical data indicate that 
DrPARG can process PAR, but PA-
Rylation in D. radiodurans remains 
unclear. To investigate the exis-
tence of PARylation, the authors 
detected endogenous PAR in D. 
radiodurans using a monoclonal 
antibody against PAR (Fig. 2(a)). 
In addition, the endogenous PAR 
signal increased when the bacteri-
al culture was supplemented with 
nicotinamide adenine dinuclotide 
(NAD), which is the substrate of 
generating PAR (Fig. 2(b)). When 
bacteria were treated with 3-am-
inobenzamide (3-AB), a known 
ADP-ribosyltransferase inhibitor, 
the endogenous PAR signal de-
creased (Fig. 2(c)). The results 
indicate the existence of endoge-
nous PAR in D. radiodurans. 

To understand whether DrPARG 
modulates the endogenous PAR 
level, they deleted the parg gene 
in D. radiodurans. The use of 
western blot showed that some 
protein bands have increased 
intensities in the deletion strain 
(Δparg) (Fig. 2(d)), indicating that 

Fig. 1: (a) Overall structure and topology of apo DrPARG. The disordered region is 
shown as a dotted line. N and C stand for N-terminus and C-terminus, respec-
tively. (b) Overall structure and topology of DrPARG in a complex with ADP-ri-
bose. (c) PARG structures in a complex with ADP-ribose from Deinococcus 
radiodurans (DrPARG; PDB code 5ZDB), Thermomonospora curvata (TcPARG; 
PDB code 3SIG), Homo sapiens (HsPARG; PDB code 4B1H), and Mus musculus 
(MmPARG; PDB code 4NA0) are shown as cartoon models. α4ʹ helix, the catalytic 
loop of DrPARG and their corresponding regions of other PARG are colored 
blue. The conserved macrodomain and the N- or C-terminal extension structures 
are colored grey and green, respectively. (d) Detailed view of interactions within 
the ADP-ribose binding pocket of the DrPARG structure. (e) Solvent accessibility 
of bound ADP-ribose in DrPARG. (f) Comparison of the interaction network 
for Arg268 of TcPARG and the corresponding residue of DrPARG. (g) Detection 
of short-chain PAR in the cleavage products of DrPARG with dot blotting. The 
reaction of automodified PARP1 treated with or without (time = 0) WT and 
mutant DrPARG was terminated at various times and filtered with a 30-kDa cut-
off column. (h) Detection of PAR in the cleavage products of DrPARG with HPLC. 
The peak indicated by an asterisk represents oligo ADP-ribose. [Reproduced 
from Ref. 5]
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PARylation is affected by the PARG status. They found also that the overall endogenous PAR level increased about 
two-fold in Δparg compared with the wild-type strain (Fig. 2(e)). A disruption of the parg gene not only affected 
PARylation but also altered the resistance of bacteria to radiation. When the genome recovery ability was as-
sayed with pulsed-field gel electrophoresis (PFGE) (Fig. 2(f)) and randomly amplified polymorphic DNA (RAPD), 
Δparg cells exhibited a delayed recovery of their genomes compared with wild-type cells. The data indicate that 
PARylation might be involved in the stress response of D. radiodurans. Using bioinformatic analysis, the authors 
demonstrated that there might be many bacterial endo-PARG because many bacterial PARG homologues possess 
threonine or valine at position 267 corresponding to DrPARG, which might not form hydrogen bonds with the 
conserved aspartate at position 260 (Fig 2(g)).

In summary, five conclusions were drawn from the structural and biochemical data. (1) DrPARG has a flexible 
N-terminal region, which is unique among previously reported PARG structures, and undergoes conformation-
al changes during ADP-ribose binding. (2) DrPARG is a bacterial endo-PARG due to lack of steric hindrance at 
Thr267. (3) Endogenous PAR can be detected in D. radiodurans. (4) Disruption of the parg gene alters PARyla-
tion in bacteria. (5) The association of PARylation with stress response might be more ancient than previously 
thought. Taken together, the existence and function of bacterial PARylation has been first described through the 
structural elucidation of DrPARG. (Reported by Chao-Cheng Cho, National Taiwan University)

Fig. 2: (a) Detection of endogenous poly-ADP-ribose (PAR) in cell lysates of D. radiodurans R1 (Dr) and Saccharomyces cerevisiae 
BY4741 (Sc) with dot blotting. The membrane was stained with Ponceau Red as a loading control. (b) PAR levels assayed with 
dot blotting in D. radiodurans R1 cultured with NAD+ supplement. (c) PAR levels were assayed with dot blotting in D. radiodurans 
R1 culture treated with 3-aminobenzamide (3-AB) in various amounts. (d) The cell lysates of D. radiodurans R1 and Δparg strains 
were resolved in acrylamide gel (12%) and blotted with PAR antibody and anti-pan-ADP-ribose binding reagent. The gels were 
stained with Coomassie Brilliant Blue (CBB) as a loading control. (e) PAR formation was assayed in wild-type D. radiodurans R1 
and Δparg strains cultured in the TGY medium at 30 °C with dot blotting. PAR levels were quantified using image and plotted 
as mean ± SEM (n = 3 independent experiments) relative to the R1 strain, with PAR levels set to 1. *P ≤ 0.05, determined with 
Student’s t-test. (f) Genome recovery of R1 and Δparg strains assayed with pulsed-field gel electrophoresis (PFGE). (g) Sequence 
conservation between positions 260 and 267 corresponding to DrPARG in aligned BLAST hits. [Reproduced from Ref. 5]
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This report features the work of Chun-Hua Hsu and 
his colleagues published in Nat. Commun. 10, 1491 
(2019).
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The HpSpo0J-HpSoj-DNA Complex: A Vital Partition-
ing System Involved in Chromosome Segregation
In general, chromosome segregation errors cause a detrimental effect on the cell and the 
organism. ParABS, a widely conserved partitioning (par) system, is required for precise chro-
mosome segregation. In this report, HpSoj and HpSpo0J (from Helicobacter pylori) are the 
homologues of the ParA and ParB proteins, respectively. From a combination of the complex 
structures and bioassay data, the DNA segregation mechanism is delineated.

T he segregation of chromosomes is essential to confirm and to activate their partition to each daughter cell 
before cell division. In bacteria, there is a highly conserved chromosome-partitioning system, ParABS, that 

encodes partition (par) loci and comprises three major components: ParA, ATP dependent dimeric ATPase; ParB, 
DNA compaction protein; parS, a specific DNA site. ParA triggers ATP hydrolysis and provides the movement of 
the ParB-parS complex. ParB recognizes the parS and compact chromosome to form a higher-order complex, 

Fig. 1: Proposed model of the molecular mechanism of ParABS in a bacterial chromo-
some-partitioning system. [Reporduced from Ref.1]

but the molecular mechanism of 
segregation of the ParABS system 
is unclear. The homologous pro-
teins of ParA/ParB are HpSoj and 
HpSpo0J, respectively, in H. pylori.

Figure 1 shows a proposed model 
for the molecular mechanism of 
ParABS. In the chromosome DNA 
segregation and plasmid partition, 
ParA-ATP binds to the nucleoid 
and forms ParA-ATP. The ATPase 
activity of Soj is elevated by Spo0J 
upon the addition of DNA. ParA/
Soj exists as a monomer in the 
absence of ATP, but is dimeric 
when ATP is present. ATP-bound 
ParA/Soj dimer exhibits nsDNA- 
binding ability. ParA-ATP interacts 
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