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physiological relevance of NAP-target interactions.
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Figure 3. MS/MS identification of NAP interactors
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A) Volcano plots derived from MS/MS interaction analysis for hydrophobic selective (top) and size selective (bottom) interaction of
proteins at pH 7.4 from HepG2.2.15 cells with NAPs. No interactions with HBV proteins were observed. Candidates with the greatest
hydrophobic and size selective interactions are indicated. Intracellular function of candidate targets (B) and crystal structures (C) are
indicated. Targets with subcellular localization consistent with NAP antiviral effect are indicated in green. All candidate proteins
contained domains of amphipathic alpha helices with potentially exposed hydrophobic surfaces consistent with the documented
target interface for NAPs in diverse infectious systems20.21,

Figure 7. Proposed model for the molecular basis for the
inhibition of SVP assembly by NAPs.

with the J-domain of DNAJB12

Molecular interactions of NAPs with exposed
amphipathic alpha helices in the J-domain in
DNAJB12 require the presence of
phosphorothioation (REP 2139 vs REP 2147) and
only functional efficiently to block SVP assembly
when the entire J-domain is occluded by REP
2139 (vs REP 2179). The formation of i-plex DNA
by REP 2031 inside the ERGIC prevents antiviral
effect of NAPs.

A B C Figure 4. Validation of NAP
e 2 20 i targets
S et SR ey ShRNA knockdown of mRNA for CONCLUSIONS
Figure 1. Antiviral effects of NAPs in HBV infection. - g " E?/nd"gra;ep c%m?;')ns ngs‘fe‘éfsr'f'gg
i N - . q q . . . .
E“" 3 g inhibition of HBsAg secretion 1. DNAIJB12 is a HSP40 chaperone required for the assembly of spherical subviral particles and is
M ETH ODS g0 £ e were evaluated in (B). Selective targeted by NAPs.
¥ e M £ effects on HBsAg secretion for . ; ) ) .
A MS/MS interactome analysis in HepG2.2.15 lysates was f E CSNKID and DNAJB12 were 2. The NAP-DNAJB12 antiviral interaction with REP 2139 is enhanced at acidic pH but reduced at
conducted in triplicate at pH 7.4 and 6.5. Hydrophobic o2 L om0 validated in (C). Error bars are acidic pH with REP 2031, suggesting that NAP antiviral effects may occur within the acidified
(antiviral) protein interactions with REP 2139 were validated oo . o standard deviation from thee ERGIC.
with REP 2179 (size control)!, REP 2147 (polyanionic control)* PR R N & O PSS Mock  CSNKID  DNAJB12 independent experiments. i i 3 ) i i i )
and REP 2031 (inactive at acidic pH)M1%12 (see Figure 2). & & & - & & & ¥ 3. NAP interactions with cytoplasmic proteins (i.e. CNSK1D) appear non-physiologic. The
Proteins wnfth DNA (/ RNA  binding aglwtyd were e>(<c|uded. associated inhibition of HBsAg and HBeAg secretion following CNSK1D knockdown is likely
Secretion of HBsAg (GS EIA 3.0, Biorad) and HBeAg (ETI-EBK . . driven by broad inhibition of anterograde transport of secretory vesicles not effected by NAPs
PLUS N0140, Diasorin) was monitored by ELISA and normalized A B§ 00 Table 1. Effect of pH on NAP interactions TG phyysiological e itane 8 P i Y
o f % - WT o

to total cellular protein (as determined by BCA assay). KD WT § = DNAJB12 KD Hydrophobic selectivity Size selectivity Acidic interaction selectivity

g 80 Target (REP 2139 : REP 2147) (REP 2139 : REP 2179) (REP 2139: REP 2031)
ki .- . ma e A am o sae o dar  Secretory REFERENCES

) . H 19.38* 2.45% 2.06% 131 0.22¢ 0.58* pathway
Bietin g 2 1416.00* 26.82 3.23* 1.21% 0.80% 2.38* 1.Blanchet et al., Antiviral Res 2019, 164, 97-105 8.Bazinet et al., Hepatol Comm 2020; 5: 189-202 15.Xu et al., EMBO J 1995; 14: 1015-10123
H m 23.83* 1.18% 5.76% 144 0.19* 13.47 2.Boulon et al., Antiviral Res 2020; 180: 104853 9.Bazinet et al., J Viral Hep 2021; 28: 817-825 16.Hsia and Hoelz, PNAS 2010; 107: 11271-11276
H $ T T T T 4 — — — = — — 3.Noordeen et al., AAC 2013; 57: 5291-5299 10.Bazinet et al., Hepatol Comm 2021; July 10 17.Qian etal., ) Mol Bio 1996; 260: 224-235
pza pHes & o 200 400 600 800 1000 T 1275 2.70 3.83 &5 0:69 050" Cytoplasm 4.Noordeen et al., AAC 2013; 57: 5299-5306 11.Boulon et al., AASLD 2020 LP-42 18.Gaudet et al., Cell 1996; 87: 577-588
o REP2139 concentration (nM) 149.59* 0.99 0.96 117 0.4 0.8 5.Al-Mahtab et al., PLoS ONE 2016; 11: e0156667 12.Yamamoto et al., Cell Struct Funct 2010; 35: 107-116 19.Ortega et al., ) Biol Chem 2011; 286: 12429-12438
REP 2139 Ny \\ Active control m 0.37 120.12 0.98 3.14 0.13 144.50 6.Bazinet et al., Lancet Gastro Hepatol 2017; 2: 877-889 13.Huivola et al., J Cell Biol. 1992; 118: 1305-1320 20.Vaillant, Antiviral Res 2016; 133: 32-50
{aomerpolv A Figure 5. Relative effect of REP 2139 in WT and 7.Bazinet et al., Gastroenterol 2020; 158: 2180-2194  14.Patientet al., J Virol. 2007; 81: 3842-3851 21.Vaillant, ACS Inf Dis 2020 2019; 5: 675-687

(40mer poly )

\ Selective pH control
(inactive in vitro, in vivo)

Figure 2. NAP bait design for MS/MS interactome analysis

blotting. B) Effect of REP 2139 on secreted
HBsAg in WT and DNAJB12 shRNA knockdown
(DNAJB12 KD) cells demonstrated that most
HBsAg secretion was blocked by DNAJB12 KD
with REP 2139 having negligible additional effect.

are 1. location within the secretory pathway, 2. enhanced hydrophobic
(antiviral) interaction at acidic pH and increased interaction of REP 2139 vs
REP 2031 at acidic pH. Antiviral NAP interaction with DNAJB12 was enhanced
40-fold and with CNSK1D was decreased 53-fold at acidic pH. Moreover, REP
2139: REP 2031 enrichment ratio with DNAJB12 was increased at acidic pH.
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