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INTRODUCTION 
 Hepatitis delta virus (HDV) is a unique human virus that requires either coinfection or 
superinfection with its helper virus, hepatitis B virus (HBV), in order to propagate. HDV 
possesses a single stranded, negative sense RNA genome 1680 nt in length that folds into a 
characteristic unbranched rod structure in which 70% of the nucleotides form Watson-Crick base 
pairs (Kos, 1986; Kuo, 1988; Wang, 1993). The HDV genome encodes a single protein, the 
hepatitis delta antigen (HDAg), which plays important roles in RNA replication and packaging 
(Chao, 1990; Wang, 1994). 
 HDAg functions as an RNA binding protein, forming ribonucleoprotein (RNP) 
complexes with both genomic and antigenomic HDV RNA (Bickko, 1996; Chang, 2008; Wang, 
1994). Our recently developed in vitro binding assay provides an opportunity to study the RNP. 
HDAg RNA binding does not require recognition of specific RNA sequences; the only identified 
requirements for binding are that the RNA form an unbranched rod and be ≥ 311 nt in length 
(Defenbaugh, 2009). HDAg forms dimers and oligomers prior to binding HDV RNA (Lin, 
2010). The ability of HDAg multimers to bind HDV RNA is critical to its role in the replication 
cycle: for example, nuclear localization signals on HDAg facilitate transport of the RNP to the 
nucleus upon infection, and by binding to HDV RNA, HDAg limits the amount of RNA editing 
that occurs—an essential aspect of the replication cycle. 
 Various studies have been performed to identify how the positively charged HDAg binds 
the HDV RNA. The current model for RNP formation implicates the middle region of the 
protein, which includes two arginine-rich motifs (ARMs) proposed to be essential for RNA 
binding (Lai, 1993). However, this model is potentially flawed by the use of denatured/renatured 
TrpE fusion proteins and the introduction of mutations that could have affected protein 
secondary structure. Furthermore, other studies have observed HDV RNA binding activity by the 
HDAg N-terminal region (Poisson, 1993; Wang, 2003).  
 Here, we re-investigate the regions of HDAg necessary for binding HDV RNA. We find 
that site-directed mutation of the ARMs does not preclude HDAg RNA binding in vitro or in 
vivo, suggesting that the ARMs are not required for RNA binding. Moreover, in vitro binding 
and cross-linking suggest a dominant role for the N terminal 78 aa. We conclude that the ARMs 
previously identified as being the determinants of HDAg RNA binding are not required for RNP 
formation, and that the N-terminal region of HDAg contacts and is able to bind to HDV RNA. 

RESULTS 
Both the N terminal and middle domain of HDAg bind HDV RNA.  Truncated forms of 
HDAg containing either aa 1-78 (N terminal region, HDAgN78) or aa 79-160 (middle region, 
HDAgM79-160) were expressed and purified in bacteria. When HDAgN78 and HDAgM79-160 
were tested for their ability to bind a 395-nt segment of the HDV antigenome, it was observed 
that both truncated proteins bound with high affinity. These results call into question the use of 
truncated proteins for examining HDAg RNA binding. 
The N terminal region of HDAg is cross-linked to HDV RNA. To avoid the complications 
observed with using truncated HDAg proteins, radiolabeled RNA containing 4-thiouridine was 



cross-linked to HDAg-160 and HDAg-145 by UV irradiation. After cross-linking, the proteins 
were cleaved with cyanogen bromide at the sole internal methionine residue at position 79. 
Analysis of cleavage products allowed two conclusions to be drawn: 1) the N terminal region of 
HDAg is cross-linked to HDV RNA; 2) the C terminal region of HDAg is not cross linked to 
HDV RNA. These results demonstrate the N terminal region, and not the C terminal region, 
interacts with HDV RNA. 
Mutation of ARM I or ARM II does not decrease HDAg RNA binding in vitro. We have 
previously shown that a bacterially expressed HDAg truncated by 35 aa from the C terminus 
forms stable, discrete ribonucleoprotein complexes in vitro with a 395-nt RNA segment derived 
from the left end of the HDV antigenome (395L) (Defenbaugh, 2009). We introduced mutations 
into HDAg-160, substituting alanine for the three conserved arginine residues in ARM I 
(mutARM I) or for four conserved arginine residues in ARM II (mutARM II). Examination of 
electrophoretic mobility shift assays with 395L RNA and wt or ARM-mutant proteins showed 
that both mutARM I and mutARM II were able to form discrete, stable complexes with HDV 
RNA. The fraction of RNA bound with increasing HDAg concentration was plotted to generate 
representative binding curves for each protein. Similar binding curves were observed for wt and 
ARM-mutant HDAg, indicating similar RNA-binding abilities. Nonlinear regression analysis 
(GraphPad Prism) was performed to determine the dissociation constant (Kd) for each protein. 
All proteins were found to have an apparent Kd of <1 nM (wt, 0.6 ± 0.1 nM; mutARM I, 0.6 ± 
0.1 nM; mutARM II, 0.5 ± 0.1 nM. Therefore, mutARM I and mutARM II are able to bind HDV 
RNA with affinity similar to wt HDAg in vitro. Overall, these data suggest that ARM I and 
ARM II are not required for binding HDV RNA, and mutation of ARM I or ARM II does not 
decrease RNA binding affinity to any detectable extent in vitro. 
ARM I and ARM II are not required for RNA binding in vivo.  Binding of HDAg to HDV 
RNA has been shown to inhibit editing at the Amber/W site in vivo (Polson, 1998). The level of 
HDV RNA editing by host ADAR1 can therefore be used as an indirect measure of the ability of 
HDAg to bind HDV RNA. We therefore sought to determine the in vivo RNA binding ability of 
HDAg proteins lacking ARM I or ARM II by co-transfecting human Huh7 hepatoma cells with a 
nonreplicating HDV RNA expression construct and an HDAg-null vector or a vector expressing 
wild-type (wt), mutARM I, or mutARM II HDAg and measuring levels of RNA editing by the 
introduction of the StyI restriction site present in cDNA copies of the edited HDV antigenome. 
Wild-type and mutARM II HDAg both resulted in >95% inhibition of editing. This result 
suggests mutARM II binds HDV RNA with wt affinity. While mutARM I inhibited editing to a 
lesser degree than wt or mutARM II HDAg, editing inhibition was still approximately 50% 
greater than in cells transfected with the HDAg-null vector, suggesting mutARM I still retains 
the ability to bind HDV RNA. 
Mutation of clusters of basic residues in the N terminal region does not decrease HDAg 
RNA binding. To examine a possible role of the HDAg N-terminus in RNA binding and identify 
amino acid residues involved in contacting RNA, we generated a series of HDAg mutants where 
various clusters of basic residues in the N-terminus of the protein we targeted for mutagenesis. 
All proteins were observed to form stable, discrete complexes with HDV RNA (data not shown), 
suggesting all HDAg mutants retained RNA binding ability. The apparent Kd for each of the 
seven mutants does not differ to any large extent from wt HDAg-160; all have a Kd  < 1 nM. 
These data suggest that loss of any of the 18 basic residues targeted for mutation does not 
decrease HDAg RNA affinity to any detectable extent. 


