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ABSTRACT

Identification of the mechanisms of viral evasion from human antibodies is crucial both

for understanding viral pathogenesis and for designing effective vaccines. However, the

in vivo efficacy of the mechanisms of viral evasion from human antibodies has not been

well documented. Here we show in cell cultures that an N-glycan shield on the HSV-1

envelope glycoprotein B (gB) mediated evasion from neutralization and antibody-

dependent cellular cytotoxicity due to pooled y-globulins derived from human blood. We

also demonstrated that the presence of human y-globulins in mice and HSV-1 immunity

induced by viral infection in mice significantly reduced the replication of a mutant virus

lacking the glycosylation site in a peripheral organ but had little effect on the replication

of its repaired virus. These results suggest that the glycan shield on the HSV-1 envelope

gB mediated evasion from human antibodies in vivo and from HSV-1 immunity induced

by viral infection in vivo. Notably, we also found that the glycan shield on HSV-1 gB

was significant for HSV-1 neurovirulence and replication in the central nervous system

(CNS) of naive mice. Thus, we have identified a critical glycan shield on HSV-1 gB that

has dual impacts, namely evasion from human antibodies in vivo and viral neurovirulence.
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IMPORTANCE

HSV-1 establishes lifelong latent and recurrent infections in humans. To produce

recurrent infections that contribute to transmission of the virus to new human host(s), the

virus must be able to evade the antibodies persisting in latently infected individuals. Here

we show that an N-glycan shield on the envelope glycoprotein B of HSV-1 mediates

evasion from pooled y-globulins derived from human blood both in cell cultures and mice.

Notably, the N-glycan shield was also significant for HSV-1 neurovirulence in naive mice.

Considering the clinical features of HSV-1 infection, these results suggest that the glycan

shield not only facilitates recurrent HSV-1 infections in latently infected humans by

evading antibodies, but is also important for HSV-1 pathogenesis during the initial

infection.
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INTRODUCTION

Herpes simplex viruses (HSV)-1 and HSV-2 cause a variety of human diseases, including

encephalitis; keratitis; neonatal disease; and mucocutaneous and skin diseases such as

herpes labialis, genital herpes, and herpetic whitlow (1-3). A striking feature of these

viruses is that they establish lifelong infections in humans, where, after the initial

infection, they become latent and frequently reactivate to cause lesions (1-3). To

accomplish these cycles, the viruses have evolved highly complex and sophisticated

strategies to evade host immune mechanisms. Notably, these viral strategies have

probably impeded the development of effective vaccines for HSV-1 and HSV-2

infections. Several decades of vaccine development have not produced a successful

vaccine (4, 5).

To clarify the significance of the mechanisms of immune evasion by viruses that

cause diseases in humans, the mechanisms should be investigated not only in vitro but

also in vivo; and research using available human samples should provide valuable

information on the effective viral mechanisms in humans. However, in previous studies,

human samples have generally been analyzed in vitro, and information from the in vivo

evaluations of human samples on viral evasion from the immune system has been limited.

To fill the gaps in our understanding of the effective mechanisms of viral immune evasion


https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.12.519993; this version posted December 13, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

in humans, in vivo investigations of the mechanisms of immune evasion that use human

samples are of crucial importance.

Although no effective vaccines for HSV-1 and HSV-2 have been developed thus

far, previous clinical trials for HSV vaccines have provided important clues indicating

that not only T-cell responses, but also antibody responses were important for controlling

HSV infections in humans (4, 5). Thus, a clinical trial of a subunit vaccine employing

HSV-2 envelope glycoprotein D (gD) showed 82% efficacy against the development of

HSV-1 genital disease but did not offer significant protection against HSV-2 genital

disease (6). Notably, antibody responses to HSV-2 gD correlated with protection against

HSV-1 but not HSV-2 infections, whereas CD4" T-cell responses did not correlate with

protection against either HSV-1 or HSV-2 infection (7). In addition, a substudy of this

trial that used sera from a fraction of the vaccinated subjects showed that neutralizing

antibody titers against HSV-1 were significantly higher than the titers against HSV-2 (8).

These findings were in agreement with those from another clinical study in humans that

showed that the absence of HSV antibodies was associated with severe HSV infections

in humans (9).

The findings described in the previous paragraph suggesting that antibodies are

important for the control of HSV-1 infections led us to attempt to identify hitherto
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100  unknown mechanisms of HSV-1 evasion from human antibodies. In this study, we

101 focused on the glycosylation of a major envelope glycoprotein of HSV-1, gB.

102  Glycosylation of a viral envelope glycoprotein sometimes acts as a glycan shield for

103  evading antibodies (10). The HSV-1 gB is a major target of antibody-mediated immunity

104  (11). HSV-1 gB, which is a class Il fusion glycoprotein, plays an essential role in the

105  entry of the virus into a host cell, together with other HSV-1 envelope glycoproteins,

106  including gD and a complex of gH and gL (gH/gL) (12). Herein we investigated effects

107  of aseries of N-linked glycans (N-glycans) on HSV-1 gB in the context of viral infection,

108 and identified an N-glycan that contributed to evasion from human antibodies not only in

109  vitro but also in vivo. Notably, the N-glycan on gB was also significant for HSV-1

110  replication in the central nervous system (CNS) of naive mice as well as neurovirulence,

111 although it had no effect on viral replication in cell cultures.

112
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113 RESULTS

114 Generation of recombinant viruses harboring a mutation in each of the potential N-

115  glycosylation sites on HSV-1 gB by an improved genetic manipulation system for

116  HSV-1. HSV-1 gB has 6 potential N-glycosylation sites at the following positions: Asn-

117 87, -141, -398, -430, -489, and -674 (Fig. 1). To investigate the significance of N-

118  glycosylation on HSV-1 gB in the context of viral infection, we used an improved HSV-

119 1 genetic manipulation system to construct a series of recombinant viruses and their

120  repaired viruses (S-Fig. 1). The recombinant viruses encoded mutant gBs (gB-N87Q, -

121 N141Q, -N398Q, -N430Q, -N489Q, and -N674Q), in which each of the potential N-

122 glycosylation sites was substituted with glutamine. In addition, we generated a pair of

123  control viruses, a recombinant virus, in which Asn-888 in the cytoplasmic domain of gB

124  was substituted with glutamine (gB-N888Q), and its repaired virus (gB-N888Q-repair)

125  (S-Fig. 1).

126 The two-step Red-mediated recombination system consists of the first

127  recombination for the insertion of a PCR-amplified selectable marker and the second

128  recombination for the excision of the inserted marker by a cleavage step that uses a rare-

129  cutting endonuclease I-Scel. This system is widely used for markerless modifications of


https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.12.519993; this version posted December 13, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

130 large DNA molecules such as herpesvirus genomes that are cloned into a bacterial

131 artificial chromosome (BAC) in Escherichia coli (13).

132 However, the second recombination step was not very efficient in our hands.

133 Therefore replica-plating, which is time-consuming and laborious, was needed to identify

134  any E. coli harboring a BAC clone with a desired mutation. We used an improved system

135  that was developed for this study that employed a negative selection marker, the E. coli

136  phenylalanyl-tRNA synthetase (ePheS*), which encodes a mutant of the a-subunit of E.

137  coli phenylalanyl-tRNA synthetase (ePheS) (14) in the presence of 4-chloro-

138  phenylalanine (4CP), in addition to cleavage by I-Scel for the second recombination step

139  (S-Fig. 2A). The improved system considerably increased the efficiency of the second

140  recombination step from 17.4% to 87%, and 17.4 to 94.7% and 8.7% to 87.0% in the

141 substitution of single amino acids, and in the deletion and insertion of a foreign gene,

142  respectively, compared with the original system (S-Table 1A). Recombinant viruses

143  carrying an alanine substitution of Thr-190 in the HSV-1 protein UL51 (S-Fig. 3A) that

144  were generated in the original and improved systems exhibited identical growth

145  properties (S-Fig. 3B) in Vero cells and produced identical neurovirulence in mice

146  following intracranial inoculation (S-Fig. 3C), suggesting that, compared with the
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147  original system, the additional negative selection in the improved system did not affect

148  the genomic integrity of HSV-1 other than the desired mutations.

149 Effects of mutations at each of the potential gB N-glycosylation sites on

150  electrophoretic mobility in the presence or absence of peptide-N-glycosidase F

151 (PNGase). Vero cells infected with wild-type HSV-1(F), each of the gB mutant viruses,

152 oreach of their repaired viruses were lysed, treated with or without PNGase, and analyzed

153 by immunoblotting. As shown in Fig. 2, all of the gB mutants, except the gB-N888Q

154  mutant, migrated faster than wild-type gB in denaturing gels. In contrast, the gB-N888Q

155  mutant and gB from cells infected with each of the repaired viruses migrated as slowly as

156  the wild-type gB in denaturing gels (Fig. 2). After treatment of the infected cell lysates

157  with PNGase, all of the gB mutants migrated in denaturing gels as slowly as the wild-

158  type gB (Fig. 2). All of the gB mutants were detected by immunoblotting at levels similar

159  to the level of wild-type gB (Fig. 2). These results indicate that gB was N-glycosylated at

160  each of the 6 potential N-linked glycosylation sites without affecting its accumulation in

161 HSV-1-infected cells.

162 Effects of mutations at each of the gB N-glycosylation sites on the replication

163  of HSV-1 in cell cultures. To investigate the effect of gB N-glycosylation on HSV-1

164  replication in cell cultures, Vero cells were infected with wild-type HSV-1(F), each of
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165  the gB mutant viruses, or each of their repaired viruses at a multiplicity of infection (MOI)

166  of 5or 0.01; and virus titers were assayed at 24 or 48 h postinfection. As shown in S-Fig.

167 4, progeny virus yields in cells infected with each of the gB mutant viruses were similar

168  tothose in cells infected with wild-type HSV-1(F) or each of their repaired viruses. These

169  results suggest that N-glycosylation on gB did not affect HSV-1 replication in cell

170  cultures.

171 Effects of mutations at each of the gB N-glycosylation sites on viral

172 susceptibility to neutralization by human antibodies. An estimated 67% of the global

173 human population is infected with HSV-1 (15). Therefore, we decided to use pooled vy-

174  globulins from human blood that contain amounts of antibodies to HSV-1 sufficient for

175  our experiments (16). Indeed, we showed that gB antibodies in pooled human y-globulins

176  ataconcentration of 1.3 mg/mL could still be detected at a dilution of 1:1,024 (S-Fig. 5).

177  Toinvestigate the effect of gB N-glycosylation on viral susceptibility to neutralization by

178  human antibodies, the sensitivity to neutralization of wild-type HSV-1(F) by pooled

179 human y-globulins was compared to each of the recombinant gB mutant viruses. Among

180 the gB mutant viruses tested, gB-N141Q was only the gB mutant virus that was

181  significantly more susceptible to neutralization by pooled human y-globulins at a

182  concentration of 0.041 mg/mL compared with wild-type HSV-1(F) (S-Fig. 6). Therefore,
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183  we focused on N-glycosylation at gB Asn-141 and further characterized gB-N141Q in

184  detail.

185 At pooled human y-globulin concentrations ranging from 0.010 to 0.041 mg/mL,

186  gB-N141Q was significantly more susceptible to neutralization by the human y-globulins

187  than wild-type HSV-1(F) (Fig. 3A). Wild-type susceptibility was restored in the gB-

188  N141Q-repair virus (Fig. 3A). Antibodies to gB or gD in the human y-globulins (0.082

189  mg/ml) were then depleted by treatment of the human y-globulins with purified gB or gD

190  fused with Strep-tag at the C-terminus (gB-SE or gD-SE, respectively) (S-Fig. 7A and B).

191  The anti-gB antibody-depleted human y-globulins could not detect gB ectopically

192  expressed by HEK293FT cells (S-Fig. 7C and D). As shown in Fig. 3B, the susceptibility

193  of gB-N141Q to neutralization by anti-gB antibody-depleted human y-globulins (~0.4

194  mg/mL) was comparable to that of wild-type HSV-1(F) and gB-N141Q-repair. In contrast,

195 gB-N141Q was significantly more susceptible to neutralization by mock-depleted or anti-

196 gD antibody-depleted human y-globulins than wild-type HSV-1(F) and gB-N141Q-repair

197  (Fig. 3B) as observed in Fig. 3A, showing its susceptibility to human y-globulins without

198  depletion. These results suggest that the N-glycan on gB Asn-141 was required for

199  efficient HSV-1 evasion from neutralization by human antibodies that targeted gB in cell

200 cultures.
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201 Effects of the N-glycan on gB Asn-141 on human antibody-dependent

202  cellular cytotoxicity (ADCC). It has been reported that gB on the surface of infected

203  cells mediates ADCC (17); therefore, we examined the effect of the N-glycan on gB Asn-

204 141 on ADCC induced by human y-globulins. Vero cells infected with wild-type HSV-

205 1(F), gB-N141Q, or gB-N141Q-repair at an MOI of 1 for 24 h were subjected to an

206  activating FcyRIIIA receptor ADCC assay in the presence or absence of human y-

207  globulins. As shown in Fig. 4A, human y-globulins at concentrations 0.33 and 1.0

208 1mg/mL induced significantly higher FcyRIIIA activation in cells infected with gB-

209  N141Q than in cells infected with wild-type HSV-1(F) or gB-N141Q-repair. The gB and

210 gD antibodies present in samples of human y-globulins at a concentration of 3.04 mg/mL

211 were then depleted by treatment with purified gB-SE or gD-SE, as described previously

212 (S-Fig. 7). In this case, the anti-gB antibody-depleted human y-globulins slightly detected

213  the gB that was ectopically expressed by HEK293FT cells (S-Fig. 7E), because we used

214 the depleted human y-globulins at a much higher concentration than the concentration of

215  the depleted human y-globulins used in the neutralizing assay described in the previous

216  section. Consistent with the results shown in S-Fig. 7E, anti-gB antibody-depleted human

217  y-globulins (~1.0 mg/mL) still induced slightly increased FcyRIIIA-mediated activation

218 in cells infected with gB-N141Q than in cells infected with wild-type HSV-1(F) or gB-
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219 N141Q-repair (Fig. 4B). However, the degrees of differences between the levels of

220  FcyRIITA-mediated activation in cells infected with gB-N141Q and the levels of

221 FcyRIITA-mediated activation in cells infected with wild-type HSV-1(F) or gB-N141Q-

222  repair in cultures containing anti-gB antibody-depleted human y-globulins were lower

223  than the degrees of differences between the levels of FcyRIIIA-mediated activation in

224  cells infected with those viruses in cultures containing mock-depleted or anti-gD

225 antibody-depleted human y-globulins (Fig. 4B).

226 To eliminate the possibility that the higher level of FcyRIITA-mediated activation

227  ingB-N141Q-infected cells was due to increased expression of mutated gB on the surface

228  of the infected cells, we investigated the effect of the N-glycan at gB Asn-141 on the

229  expression of gB in the infected cells. Vero cells were infected with wild-type HSV-1(F),

230 ¢gB-N141Q, gB-N141Q-repair, AgB, or AgB-repair as described in the experiments

231  described in the previous paragraph and depicted by Fig. 4 and used flow cytometry to

232 show the level of gB expression on the surface of infected cells or the total accumulation

233  of gB in the infected cells. As shown in S-Figs. 8A and B, the levels of expression of gB

234  on the surface of cells infected with gB-N141Q were significantly lower than those levels

235  on cells infected with wild-type HSV-1(F) or gB-N141Q-repair. In contrast, the total level

236  of gB in cells infected with gB-N141Q was similar to the total levels in cells infected with
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237  wild-type HSV-1(F) or gB-N141Q-repair (S-Fig. 8A). Furthermore, confocal microscopy

238  showed that the subcellular localization of gB in cells infected with either gB-N141Q,

239  wild-type HSV-1(F) or gB-N141Q-repair was also similar (S-Fig. 8C). These results

240  suggest that the N-glycan at gB Asn-141 was required for the efficient expression of gB

241  on the surface of HSV-1-infected cells. Thus, although cells infected with gB-N141Q

242  expressed lower levels of mutated gB on their surface membranes than the levels of gB

243  expressed by cells infected with wild-type HSV-1(F) or gB-N141Q-repair, human v-

244  globulins resulted in increased FcyRIIIA-mediated activation of cells infected with gB-

245 N141Q than seen for cells infected with wild-type HSV-1(F) or gB-N141Q-repair. These

246  results eliminated the possibility that the higher level of FcyRIITA-mediated activation in

247  gB-141Q-infected cells was due to the increased expression of mutated gB on the surface

248  of the infected cells. Altogether, the results suggest that the N-glycan at gB Asn-141 was

249  required for the efficient evasion of ADCC induced by human antibodies to gB in infected

250 cell cultures.

251 Molecular modeling of N-glycosylated gB to estimate the glycan shield. To

252  estimate the effects of the N-glycan on gB Asn-141 on the binding of antibodies to gB,

253  we first constructed a glycosylated model of the gB protein based on a previously

254  published construction of gB in a prefusion state (18). The MansGIcNAc; glycan structure


https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.12.519993; this version posted December 13, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

15

255  was chosen for modeling. It is the common core structure of complex, high-mannose- and
256  hybrid-type N-glycans.

257 The extent of antibody accessibility to gB was then estimated by determining the
258  accessible surface area (ASA) with the use of a probe with a radius of 10 A, which should
259  be sufficient for determining the area of an antibody complementarity-determining region
260  (19). The effect of N-glycosylation on gB Asn-141 on the ASA of each amino acid residue
261  was evaluated by the difference between the ASAs (AASA) of N-glycosylated and non-
262  glycosylated gB. Twenty-seven amino acid residues in the gB of HSV-1 showed AASAs
263  of >5 A? (S-Fig. 9) and as depicted by the 3D structural model of N-glycosylated gB in
264  Fig. 5A. Among the 27 amino acid residues, 19 were mapped to the functional region
265 (FR)2 and FR3 of gB (S-Fig. 9), both of which were previously defined based on the
266  epitopes seen for a panel of neutralizing monoclonal antibodies (20, 21). Of note, the
267  AASA of Asp-419, part of the epitope for the C226 antibody and critical for binding of
268  that antibody to gB (21), measured 14, 40, and 52 A2, depending on each protomer of the
269  gB triplex (Fig. 5B and S-Fig. 9). These results suggest that the N-glycan at gB Asn-141
270  prevented the binding of antibodies to gB epitopes and further supported our previous
271 conclusion that the N-glycan at gB Asn-141 was required for the efficient evasion of

272  HSV-1 from human antibodies.
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273 Effects of the N-glycan on gB Asn-141 on the replication of HSV-1 in the

274  eyes of mice in the presence of human antibodies. To examine the effects of human

275 antibodies on HSV-1 replication in vivo in the presence or absence of the N-glycan at gB

276  Asn-141, mice were mock-injected or injected intraperitoneally with pooled human vy-

277  globulins, and were then ocularly infected with gB-N141Q or gB-N141Q-repair one day

278  after injection (Fig. 6A). Samples of tear films were collected at the indicated times (Fig.

279  6A) and viral titers in the tear films were measured. As shown in Fig. 6B, the presence of

280  human y-globulins did not affect the viral titers of the tear films in mice infected with gB-

281  N141Q-repair at 1, 3, and 5 days postinfection. In contrast, the presence of human y-

282  globulins significantly reduced viral titers of the tear films of mice infected with gB-

283 N141Q at 1 and 5 days postinfection (Fig. 6B). Thus, the ratios of gB-N141Q titers in the

284  absence of human y-globulins to those in the presence of human y-globulins were higher

285  than the ratios of gB-N141Q-repair titers in the absence of human y-globulins to those in

286  the presence of the human y-globulins (Fig. 6C). Furthermore, viral titers of the tear films

287  of mice infected with gB-N141Q in the presence of human y-globulins at 1, 3, and 5 days

288  postinfection were significantly lower than the titers of the tear films of mice infected

289  with gB-N141Q-repair (Fig. 6B). In contrast, the viral titers of the tear films of mice

290 infected with gB-N141Q in the absence of human y-globulins at 1, 3, and 5 days
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291  postinfection were comparable to those of the tear films of mice infected with gB-N141Q-

292  repair; although, as the infection progressed, the viral titers of the tear films of mice

293 infected with gB-N141Q in the absence of human y-globulins tended to be lower than

294  those titers in mice infected with gB-N141Q-repair. These results indicate that the

295  presence of human antibodies inhibited the replication of gB-N141Q in the peripheral

296  organs of mice more efficiently than it inhibited the replication of gB-N141Q-repair and

297  also suggest that the N-glycan at gB Asn-141 was required for the efficient evasion of

298 HSV-1 from human antibodies in vivo.

299 Effects of the N-glycan on gB Asn-141 on the replication of HSV-1 in the

300 eyes of mice immunized against HSV-1. To examine the effects of the N-glycan at gB

301  Asn-141 on HSV-1 replication in vivo in the presence of physiologically induced

302  immunity against HSV-1, mice were subcutaneously mock-immunized or immunized

303  with wild-type HSV-1(F). At 9 weeks after inoculation, the immunized mice were

304  ocularly infected with gB-N141Q or gB-N141Q-repair (Fig. 7A). Samples of tear films

305 were collected at the indicated times and viral titers of the tear films were determined

306 (Fig. 7B). As shown in Fig. 7B, whereas the viral titers of the tear films of immunized

307  mice infected with gB-N141Q at 1 and 2 days postinfection were comparable to those in

308 mock-immunized mice, the viral titers of the tear films of immunized mice infected with
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309 ¢gB-N141Q at 3 days postinfection were significantly lower than those in the mock-

310 immunized mice. In contrast, the viral titers of the tear films of immunized mice infected

311 with gB-N141Q-repair at 1, 2, and 3 days postinfection were comparable to those in

312 mock-immunized mice infected with gB-141Q-repair (Fig. 7B). Thus, the ratios of gB-

313  N141Q titers in mock-immunized mice to those in immunized mice at 3 days

314 postinfection were higher than the ratios of gB-N141Q-repair titers in mock-immunized

315  mice to those in immunized mice (Fig. 7C). Furthermore, the viral titers of the tear films

316  in mock-immunized or immunized mice infected with gB-N141Q at 1 and 2 days

317  postinfection were comparable to those in mock-immunized or immunized mice infected

318  with gB-N141Q-repair (Fig. 7B). In contrast, the viral titers of the tear films in immunized

319  mice infected with gB-N141Q at 3 days postinfection were significantly lower than those

320 in immunized mice infected with gB-N141Q-repair although viral titers of the tear films

321  in mock-immunized mice infected with gB-N141Q at 3 days postinfection were

322  comparable to those in mock-immunized mice infected with gB-N141Q-repair (Fig. 7B).

323  These results indicate that the presence of immunity against HSV-1 in mice inhibited

324  replication of gB-N141Q more efficiently than the replication of gB-N141Q-repair and

325  suggest that the N-glycan at gB Asn-141 was required for the efficient evasion of HSV-

326 1 from immunity induced in mice previously immunized against HSV-1.
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327 Effects of the N-glycan at gB Asn-141 on HSV-1 neurovirulence and

328  replication in the CNS of naive mice. To investigate the effects of the N-glycan at gB

329  Asn-141 on the neurovirulence and replication of HSV-1 in the CNS of naive mice, mice

330  were infected intracranially with gB-N141Q or gB-N141Q-repair, and the mortality rates

331  of these injected mice was monitored for 14 days. As shown in Fig. 8A, the mortality rate

332  of mice infected with gB-N141Q was significantly lower than the rate of mice infected

333  with its repaired virus (gB-N141Q-repair). We also harvested the brains of mice infected

334  with gB-N141Q or gB-N141Q-repair at 1, 3, and 5 days postinfection and measured viral

335 titers in their brains. As shown in Fig. 8B, the viral titers in the brains of mice infected

336  with gB-N141Q at 1 day postinfection were comparable to those of mice infected with

337  gB-N141Q-repair. In contrast, at later time points (3 and 5 days postinfection), viral titers

338 in the brains of mice infected with gB-N141Q were significantly lower than the titers in

339  the brains of mice infected with gB-N141Q-repair. These results suggest that the N-

340 glycan at gB Asn-141 was required for efficient HSV-1 neurovirulence and replication in

341  the CNS of naive mice. The results also led us to investigate whether the N-glycan at gB

342  Asn-141 acted specifically in neural cells. As shown in Fig. 8C, progeny virus yields in

343  human neuroblastoma SK-N-SH cells infected with gB-N141Q were similar to those in

344 the cells infected with wild-type HSV-1(F) or gB-N141Q-repair. These results further
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345  supported our observation from the results of in vitro experiments described previously

346  that N-glycosylation on gB does not appear to play a role in the replication of HSV-1 in

347  cell cultures.

348
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349 DISCUSSION

350 It is unquestionable that studies using human samples to analyze the mechanisms of

351 infection utilized by human pathogenic viruses are crucial for understanding the

352  mechanisms effective in humans. Considering that the gap between what can be observed

353  from in vitro and in vivo viral infections is significant, evaluations of human samples in

354  vivo should provide more valuable information on the mechanisms of infection than

355  evaluations of the samples in vitro. However, there has been a lack of in vivo information

356  because human samples that could be used for in vivo analyses as well as in vivo models

357 that could represent the pathogenesis of viral infections in humans are limited.

358 In this study, we clarified a novel immune evasion mechanism used by HSV-1,

359 namely, that a glycan shield at Asn 141 of the HSV-1 gB mediated evasion from the

360 deleterious effects of human antibodies such as in vitro neutralization and ADCC. Our

361  observations are supported by the molecular model of N-glycosylation at gB Asn-141,

362  which is based on the prefusion structure of HSV-1 gB (18). The model predicts that N-

363  glycosylation at gB Asn-141 masked 27 amino acids in the gB molecule. Of these amino

364  acids, 70% have been mapped to the functional regions of gB, FR2, and FR3, which were

365  previously identified according to the known epitopes of various neutralizing monoclonal

366  antibodies (20, 21). Notably, the N-glycosylation at gB Asn-141 was predicted to mask
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367  Asp-419, aresidue critical for the binding of gB to the C226 antibody, which shows high

368  neutralizing activity in preventing the association of gB with a complex of gH and gL and

369  fusion (21). Furthermore, the amino acids predicted to be masked by glycosylation at

370  Asn-141 included or were positioned near those (Pro-361, Asp-408, Asp-419, Asn-430,

371 Asn-458, Arg-470, Pro-481, lle-495 and Thr-497) previously shown to be critical for gB

372  receptor- or gD receptor-mediated fusion (22-24), introducing the possibility that

373  antibodies target these amino acid residues.

374 Our observations that the glycan shield on HSV-1 gB seemed to significantly

375 increase viral replication in the eyes of mice not only in the presence of HSV-1 immunity

376  but also in the presence of human antibodies, supports our prediction from the clarified

377 in-vitro effects of the glycan shield on HSV-1 that the glycan shield would be effective

378 in the presence of human antibodies in vivo and probably in human beings. Notably, we

379 also presented evidence that the glycan on HSV-1 gB was required for efficient viral

380  neurovirulence and replication in the CNS of naive mice. Thus, we have identified an

381  important glycan shield on the HSV-1 gB that appears to have 2 affects: evasion from

382  human antibodies in vivo and neurovirulence in naive hosts. Considering the clinical

383  features of HSV-1 infection, these results suggest that the glycan shield not only
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384  facilitates recurrent HSV-1 infections in latently infected humans by evading antibodies,

385  but also is important for HSV-1 pathogenesis during the initial infection.

386 In this study, we used pooled human y-globulins from human blood as human

387 antibodies. HSV-1 is a ubiquitous human pathogen; approximately 70% of the global

388  human population is infected with HSV-1, and most HSV-1-infected humans have been

389  reported to be latently infected with the virus (1-3, 15). Therefore, it is conceivable that

390 the effects of pooled human y-globulins represent the effects of antibodies in humans

391 latently infected with HSV-1. Thus, the mouse model with passive transfer of pooled

392  human y-globulins used in this study potentially mimicked the in vivo effects of human

393 antibodies in humans latently infected with HSV-1. HSV-1 frequently reactivates from

394 latent infections and is transmitted to new human hosts. Therefore, the host’s immune

395 responses to HSV-1 persist in latently infected humans because of the repeated

396  stimulation of the immune system, resulting in the progressive enhancement of long-term

397  immunity (1-3). The viral strategy of using the glycan shield on HSV-1 gB to evade

398 antibodies, which was clarified in this study, may protect reactivated viruses from existing

399  antibodies to HSV-1 in latently infected humans and thereby facilitate their transmission

400 to new human hosts. Notably, the N-glycosylation site on HSV-1 gB is widely conserved

401 in viruses subclassified in the alphaherpesvirus subfamily of herpesviruses (25),
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402  suggesting that this is a general viral mechanism of evasion from the immune system.

403  Moreover, clarification of the HSV-1 mechanism of evasion from antibodies supports

404  earlier conclusions (5-9) that were based on previous clinical trials of HSV vaccines;

405 namely, that antibodies are essential to the control of HSV-1 infections in humans.

406  Additional studies to reveal other glycan shields against human antibodies on HSV

407  envelope glycoproteins are important and should be of interest. Those studies and this

408  present study may provide insights into the design of effective therapeutic HSV vaccines

409 against frequent recurrences of herpes virus infections such as genital herpes.

410 Previous studies have characterized N-glycosylation at Asn-133 of the HSV-2

411  gB and at Asn-154 of the pseudorabies virus (PRV) gB, which correspond to the N-

412  glycosylation at Asn-141 of HSV-1 gB (26, 27). None of those studies addressed the

413  effects of the N-glycosylation of those viruses’ gB on evasion from antibodies and

414  pathogenesis in vivo. In agreement with our observation in this study that the N141Q

415  mutation in HSV-1 gB did not affect viral replication in Vero and SK-N-SH cells, the

416  ectopic expression of the PRV gB-N154Q mutant rescued the entry deficiency of a gB-

417  deficient PRV so that its entry would be at a level similar to that of PRVs with wild-type

418 ¢gB (27). In contrast, the ectopic expression of the HSV-2 gB-N133Q mutant barely

419  rescued the entry deficiency of a gB-deficient HSV-2 (26). As observed with the N141Q
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420  mutation in gB of HSV-1 in the context of viral infection, the ectopic expression of both

421  the HSV-2 gB-N133Q and PRV gB-N154Q mutant showed impaired cell surface

422  expression of the mutants. These observations point out both the similarities in and

423  differences between the roles of the glycosylation of gB in viruses.

424
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440 MATERIALS AND METHODS
441 Cells and Viruses. Vero, HEK293FT, Plat-GP, and SK-N-SH cells were
442  described previously (28, 29). Wild-type HSV-1(F) was described previously (30).
443 Plasmids. The construction of pFLAG-CMV2-EGFP and pcDNA-MEF-gB was

444  described previously (28, 31). First, to construct pBS-KanR-ePheS*, oligonucleotides

445  making up a kanamycin resistant (KanR) cassette with the 1-Scel recognition site and an

446  ePheS* cassette, which has T251A/A294G mutations in ePheS, were amplified from the

447  DNA templates of pEPkan-S (13) and pUC18K ePAG2 (14), respectively. The primers

448  that were used are listed in S-Table 1B. Then, the two linear DNA fragments were fused

449 by PCR and cloned into the pBluescript KS(+) (Stratagene), as described previously (32).

450  Second, pBS-TEV-2xStrep-KanS was constructed by cloning the kanamycin resistance

451  (KanR) cassette with the I-Scel recognition site, which was amplified by PCR from the

452  pEPkan-S template with the use of primers that additionally encoded the Tobacco Etch

453  Virus (TEV) protease cleavage-site and tandem-strep epitopes as listed in S-Table 1B,

454  into the pBluescript KS(+). Third, pcDNA3.1-tagRFP-P2A and pcDNA3.1-P2A-tagRFP

455  were constructed by cloning the tagRFP open reading frame (ORF), which was amplified

456 by PCR from ptagRFP-N1 (33) with the use of primers that additionally encoded the 2A

457  self-cleaving peptide fused to its carboxyl terminus (tagRFP-P2A) or amino-terminus
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458  (P2A-tagRFP) as listed in S-Table 1B, respectively, into pcDNA3.1 (Invitrogen). Fourth,

459 pcDNA3.1-tagRFP-P2A-stop was constructed by cloning annealed DNA

460  oligonucleotides listed in S-Table 1B into pcDNA3.1-tagRFP-P2A. Fifth, p)cDNA3.1-gB-

461  P2A-tagRFP was constructed by cloning gB ORF, which was amplified by PCR from the

462 HSV-1(F) genome isolated as described previously (34), using the primers listed in S-

463 Table 1B into pcDNA3.1-P2A-tagRFP by the In-Fusion HD Cloning Kit (Takara),

464  according to the manufacturer’s instructions. Sixth, pcDNA3.1-gD-P2A-tagRFP was

465  constructed by cloning gD ORF, which was amplified by PCR from the HSV-1(F)

466  genome using primers listed in S-Table 1B into pcDNA3.1-P2A-tagRFP by the In-Fusion

467  HD Cloning Kit.

468 To construct pRetroX-TRE3G-gBo and pRetroX-TRE3G-ICP4o, the sequences

469  of codon-optimized UL27(gBo0) and a4 (ICP40), which are shown in S-Table 1C, were

470  engineered according to the GenScript's OptimumGene algorithm, and then synthesized

471  and cloned into pRetroX-TRE3G (Takara) by GenScript.

472 Establishment of stable Vero cells with tetracycline-inducible codon-

473  optimized gB and ICP4 (gBo and ICP40) expression. Vero cells were transduced with

474  supernatants of Plat-GP cells cotransfected with pMDG (35) and pRetroX-Tet3G

475 (TaKaRa), selected with 1 mg/mL G418 solution (Wako) to generate Tet3G-Vero cells.
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476  The cells were further transduced with a mixture of supernatants of Plat-GP cells

477  cotransfected with pMDG and pRetroX-TRE3G-gBo, and supernatants of Plat-GP cells

478  co-transfected with pMDG and pRetroX-TRE3G-ICP4o to establish gBo/ICP40-TetON-

479  Vero cells. After double selection with 1 mg/mL of G418 solution and 5ug/mL of

480 puromycin, a single clone in which expression of gBo and ICP40 was induced by

481  doxycycline was selected.

482 Two-step Red-mediated recombination using the KanR/ePheS* cassette.

483  The two-step Red-mediated mutagenesis procedure used in this study was performed as

484  described previously (13, 36). Briefly, linear DNA fragments containing an I-Scel

485  recognition sequence, KanR and ePheS*cassettes, and target homologous sequences were

486  amplified by PCR from pBS-KanR-ePheS* using the primers listed in S-Table 1D. The

487 linear fragments were electroporated into the electrocompetent Escherichia coli strain

488  (GS1783 containing the pYEbac102Cre (30, 37). The transformed bacteria were then

489  incubated at 32°C for 40 to 60 min and plated on LB agar plates containing 20 pg/mL of

490  chloramphenicol and 40 pg/mL of kanamycin to select E. coli clones harboring

491  pYEbacl02Cre containing the KanR and ePheS* cassettes (KanR/ePheS* cassettes).

492  Kanamycin-resistant colonies were screened by PCR with the appropriate primers. Next,

493 the KanR/ePheS* cassettes were excised by expressing the 1-Scel homing enzyme in
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494  GS1783 through induction with arabinose, followed by induction of the Red
495  recombination machinery by raising the temperature. Briefly, 100 uL of an overnight
496 culture of kanamycin-resistant E. coli clones grown in LB medium containing
497  chloramphenicol and kanamycin was inoculated into 2 mL of LB medium containing
498  chloramphenicol only. Bacteria were incubated at 32°C for 2 to 4 h with shaking,
499  followed by addition of 10% (wt/vol) L-arabinose (Wako) to the culture at a 1:5 ratio,
500 and incubated for another 1 h at 32°C. Finally, the E. coli culture was incubated at 42°C
501  for 30 min. It was then shaken at 32°C for another 1 to 2 h, and 50 pL of 10 to 10
502  dilutions of the culture were plated onto LB agar plates containing 20 pg/mL of
503  chloramphenicol and 1 mM of 4-chloro-phenylalanine (4CP) to select E. coli clones
504  harboring the pYEbacl102Cre, from which the KanR/ePheS* cassette was excised.
505  Chloramphenicol- and 4CP-resistant colonies were screened by PCR with appropriate
506  primers, which was followed by nucleotide sequencing for confirmation of the desired
507  mutation.

508 Generation of recombinant HSV-1. Recombinant viruses YK650 (UL51-
509 T190A KanR/ePheS*), YK681 (gB-N87Q), YK683 (gB-N141Q), YK685 (gB-N398Q),
510 YK687 (gB-N430Q), YK689 (gB-N489Q), YK691 (gB-N674Q), YK693 (gB-N888Q),

511 YKG682 (gB-N87Q-repair), YK684 (gB-N141Q-repair), YK686 (gB-N398Q-repair),
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512 YKG688 (gB-N430Q-repair), YK690 (gB-N489Q-repair), YK692 (gB-N674Q-repair),

513 and YK694 (gB-N888Q-repair) (Fig. 1) were generated by the two-step Red-mediated

514  mutagenesis procedure using the KanR/ePheS* cassette as described in the previous

515  section with the primers listed in S-Table 1D. The recombinant virus YK649 (UL51-

516 T190A KanR) was generated by the two-step Red-mediated mutagenesis procedure

517  using E. coli GS1783 containing pYEbac102Cre, as described previously (13, 36), with

518  the exception that the primers used instead of those described previously are listed in S-

519  Table 1D. The recombinant virus YK695 (AgB), in which the UL27 gene encoding gB

520 was disrupted by deleting gB codons 1-727 with a kanamycin resistance gene, was

521  generated by the two-step Red-mediated mutagenesis procedure using E. coli GS1783

522  containing pYEbac102Cre, as described previously (13, 36), with the exception that the

523  primers used instead of those described previously are listed in S-Table 1D.

524 The recombinant virus YK696 (AgB-repair), in which the deletion mutation in

525 B was repaired, was generated by cotransfection with pYEbac102Cre carrying the gB-

526  deletion mutation and pCRxgB (38) into Vero cells. Plaques were isolated and purified

527  on Vero cells. Restoration was confirmed by nucleotide sequencing.

528 The recombinant virus YK717 (gB-SE), which expresses gB fused to a TEV

529  protease cleavage site and a Strep-tag; and recombinant virus YK718 (gD-SE), which
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530  expresses gD fused to a TEV protease cleavage site and a Strep-tag, were generated by

531  the two-step Red-mediated mutagenesis procedure using E. coli GS1783 containing

532  pYEbacl102Cre, as described previously (13, 36), with the exception that the primers used

533 instead of those described previously are listed in S-Table 1D.

534 In experiments in which YK695 (HSV-1 AgB) was used, viruses were

535 propagated and assayed in HSV-1 gBo/ICP40-TetON-Vero cells in the presence of

536  doxycycline (DOX) (1 mg/mL). Other viruses used in this study were propagated and

537 titrated in Vero cells.

538 Antibodies. Commercial antibodies used in this study were mouse monoclonal

539  antibodies to gB (H1817; Virusys) and a-tubulin (DM1A,; Sigma), and rabbit polyclonal

540 antibodies to VP23 (CAC-CT-HSV-UL18; Cosmo Bio).

541 PNGase F Digestion and immunoblotting. Vero cells were infected with each

542  of the indicated viruses at an MOI of 5 for 24 h and lysed with T-PER Tissue Protein

543  Extraction Reagent (Thermo Scientific). The lysates were sonicated and denatured with

544  Glycoprotein Denaturing Buffer (NEB) by heating them at 100°C for 10 minutes.

545  Aliquots of the lysates were incubated with 2500 units of PNGase F (NEB) at 37°C for 1

546  h. Aliquots of the lysates incubated under the same conditions without PNGase F were
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547  used as controls. The incubated mixtures were subjected to immunoblotting as described
548  previously (39).

549 Detection of gB- or gD-specific antibodies in pooled human y-globulins by
550  flow cytometry. PEI MAX (Polyscience, Inc.) was used to transfect HEK293FT cells
551  with selected plasmids. At 48 h post-transfection, the transfected cells were detached from
552  their culture plates and washed once with PBS supplemented with 2% FCS (washing
553  buffer). Cells were fixed and permeabilized with Cytofix/Cytoperm (Beckton Dickinson)
554  and incubated with diluted human y-globulins (G4386; Sigma) on ice for 30 min. After
555  the cells were washed with washing buffer, they were further incubated with anti-human
556  1gG conjugated to Alexa Flour 647 (Invitrogen) on ice for 30 min. After the cells were
557  washed again, they were analyzed with a CytoFLEX S flow cytometer (Beckman Coulter).
558  The data were analyzed with FlowJo 10.8.1 software (Becton Dickinson).

559 Depletion of gB- or gD-specific antibodies from pooled human y-globulins.
560  Vero cells (5 x 107) were infected with HSV-1(F), gB-SE, or gD-SE at an MOI of 0.5 for
561 24 h and lysed in 5 mL of radioimmunoprecipitation assay (RIPA) buffer (10 mM Tris-
562  HCI[pH 7.4], 150 mM NaCl, 1% Nonidet P-40 [NP40], 0.1% deoxycholate, 0.1% sodium
563  deodecyl sulfate, 1 mM EDTA) containing a protease inhibitor cocktail (Nacalai Tesque).

564  After centrifugation, the supernatants were precleared by incubating with protein G-
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565  Sepharose beads (GE Healthcare), and reacted with 100 uL of Strep-Tactin Sepharose

566  beads (IBA Lifesciences) for 4 h at 4°C. The beads were collected by brief centrifugation

567  and washed 4 times with RIPA buffer and 2 times with PBS. Samples of gB-SE or gD-

568  SE immobilized on Strep-Tactin Sepharose beads were incubated with 1 mL of diluted

569  human y-globulins (G4386; Sigma) (0.082 and 3.04 mg/mL in medium 199 containing

570 1% FCS and ADCC assay buffer for neutralization assays and ADCC assays,

571  respectively) at 4°C overnight; and after centrifugation, the supernatants containing gB-

572  or gD-antibody depleted human y-globulins were filtered.

573 Similarly, HSV-1(F)-infected Vero cell lysates prepared as described for the

574  depleted human y-globulins was incubated with Strep-Tactin Sepharose beads, and after

575  centrifugation and washing, the beads were incubated with human y-globulins diluted as

576  described, and then centrifuged, followed by filtration of the supernatants to produce

577  samples of mock-depleted human y-globulins.

578 Neutralization assay. Pooled human y-globulins (G4386; Sigma) serially

579  diluted in medium 199 containing 1% FCS were mixed 1:1 with 100 PFU of each selected

580  virus in medium 199 containing 1% FCS, incubated at 37°C for 1 h, and then inoculated

581  onto Vero cell monolayers to perform plague assays. At 2 days postinfection, the plaques

582  were counted. The percentage of neutralization was determined as follows: the numbers
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583  of plaques formed by the virus samples that had been incubated with or without human

584  y-globulins as a value with the following formula: 100 x [1-(numbers of plaques produced

585  after incubation of viral samples with human y-globulins)/(numbers of plaques produced

586  after incubation of viral samples without human y-globulins)].

587 ADCC reporter assay. The extent of ADCC activation induced by human -

588  globulins was evaluated with the use of an ADCC Reporter Bioassay (Core Kit; Promega,

589  G7010) and the EnSpireMultimode Plate Reader (PerkinElmer). The assay was used

590  according to the manufacturer’s instructions. Briefly, Vero cells were infected at an MOI

591  of 1 with each selected virus in medium 199 containing 1% FCS. After adsorption for 1 h,

592  the inoculum was removed, and the cell monolayers were overlaid with medium 199

593  containing 10% FCS. At 24 h post-infection, the culture medium was replaced with

594  ADCC assay buffer containing effector cells and diluted human y-globulins at a 2:1 ratio

595 and incubated at 37°C for 6 h. Bio-Glo luciferase reagent was then added, and the

596 luciferase signals were quantitated as relative light units (RLUs) on an EnSpire reader.

597  Extent of induction was calculated as follows: Fold induction = (RLUSwith antibody -

998 RLUSbackground)/(RLUSno antibody = RLUSbackground).

599 Determination of gB expression on the surfaces of HSV-1-infected cells. The

600 expression of HSV-1 glycoproteins on the surfaces of infected cells was analyzed as
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601  described previously (40). Briefly, Vero cells were infected at an MOI of 1 with each

602  selected virus in medium 199 containing 1% FCS. After adsorption for 1 h, the inoculum

603  was removed, and the cell monolayers were overlaid with medium 199 containing 10%

604 FCS. At 24 h post-infection, cell monolayers were detached with PBS containing 0.02%

605 EDTA and were washed 1 time with PBS supplemented with 2% FCS (washing buffer).

606  To analyze the total expression of gB, infected Vero cells were detached as described,

607 fixed, and permeabilized with Cytofix/Cytoperm Fixation/Permeabilization Solution

608  (Becton Dickinson). Treated and untreated cells were then incubated with mouse anti-gB

609  monoclonal antibody in washing buffer on ice for 30 min. After the cells were washed

610  with washing buffer, they were further incubated with anti-mouse IgG conjugated to

611  Alexa Flour 647 dye (Invitrogen) on ice for 30 min. After the cells were washed again,

612  they were analyzed with a CytoFLEX S flow cytometer (Beckman Coulter). The data

613  were analyzed by FlowJo 10.8.1 software (Becton Dickinson).

614 Immunofluorescence assays. Immunofluorescence assays were performed as

615  described previously (41).

616 Animal studies. Female ICR mice were purchased from Charles River

617  Laboratories. For ocular infections by each selected virus in mice in the presence of

618  pooled human y-globulins, four-week-old mice were injected intraperitoneally with 1250
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619  mg/kg of human y-globulins or PBS. One day after administration, the mice were ocularly
620 infected with 3 x 10° PFU/eye of each selected virus, as described previously (29). For
621  mice immunized with HSV-1 before ocular infection, three-week-old mice were injected
622  subcutaneously in the neck with 5 x 10° PFU of HSV-1(F). The immunized mice were
623 then infected ocularly 9 weeks after immunization with 3 x 10® PFU/eye of each selected
624  virus as described previously (29). Virus titers in the tear films of mice were determined
625  as described previously (42).

626 For intracranial infections, three-week-old mice were inoculated intracranially
627  with each selected virus as described previously (29). Mice were monitored daily, and
628  mortality occurring from 1 to 14 days postinfection was attributed to the infecting virus.
629  To measure viral titers in the brains of infected mice, three-week-old female ICR mice
630  were each inoculated intracranially with 1 x 10% PFU of each selected virus. At 1, 3, and
631 5 days postinfection, the brains of the mice were harvested, and virus titers were
632  determined on Vero cells. All animal experiments were carried out in accordance with
633  the Guidelines for Proper Conduct of Animal Experiments, Science Council of Japan.
634 The protocol was approved by the Institutional Animal Care and Use Committee
635 (IACUC) of the Institute of Medical Science, The University of Tokyo (IACUC protocol

636  approval number: A21-55).


https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.12.519993; this version posted December 13, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

38

637 Modeling of the N-glycosylated gB protein. The N-glycan core
638 (MansGIcNAc2) was modeled according to the prefusion structure of HSV-1 (18) gB
639 (PDB ID: 6Z9M) using the Glycan Reader and Modeler (43) and the CHARMM-GUI
640 program (44, 45). Discovery Studio 2021 software (Dassault Systemes) was used to
641  change the y1 angle (N-Ca-CB-Cy) of the Asn141 B chain (PDB ID: 6Z9M) from -178°
642 to -66° to avoid steric clash of the N-glycan with the neighboring polypeptide.
643  Visualization of the protein 3D structure was performed in the PyMol Molecular Graphics
644  System, version 2.5 (Schrodinger, LLC).

645 Analysis of protein surface. The AREAIMOL program (CCP4 package,
646  version 6.2) was used to determine the accessible surface area (ASA) (46). A spherical
647  probe with a radius of 10 A, which is similar to the dimension of the antigen-binding
648  fragments (single-chain variable fragment [scFv]) of the antibodies, was used in the
649  estimation of the ASA (19, 47). The extent of glycan shielding (AASA) was estimated for
650 each amino acid residue by calculating the difference between the ASAs of N-
651  glycosylated and nonglycosylated gB structures (AASA = ASA [nonglycosylated gB] —
652  ASA [N-glycosylated gB]).

653 Statistical analysis. The unpaired t test was used to compare 2 groups. One-way

654  or two-way ANOVA followed by the Tukey or Dunnett multiple comparisons tests were
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655 used for multiple comparisons. A P value < 0.05 was considered significant. For the

656  statistical analysis of viral titers, data were converted to common logarithms (log1o). For

657  values below the detection limit, statistical processing was performed assuming that the

658  values are those of the detection limit. GraphPad Prism 8 (GraphPad Software) was used

659  to perform statistical analysis.

660
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661 FIGURE LEGENDS

662  Fig. 1. A 3D structural model of fully N-glycosylated gB in the prefusion state. Image

663 A shows the ribbon diagram of the protomer, and image B shows the trimer of the crystal

664  structure of gB in the prefusion state (Protein Data Bank [PDB] accession no. 6Z9M) (18).

665 The Glycan Reader and Modeler were used to modify potential N-glycosylation sites

666  (Asn-87, Asn-141, Asn-398, Asn-430, Asn-489, and Asn-674) of prefusion gB with the

667 MansGIcNAc:. glycan using Glycan Modeler. Missing coordinates of Asn-87 and Asn-

668 489 in the 3D structure were estimated. The ribbon diagrams of the gB models show the

669  functional domains in colors as follows: domain I (light blue), domain 11 (green), domain

670 1l (yellow), domain IV (orange), and domain V (red). Residue background coloring is

671  used for the main polypeptide chains, and potential N-glycans are shown in magenta as

672  stick models. In Panel B, protomer A is the same as in Panel A. Protomer B and C are

673  shown in white. Image C shows the location of potential N-linked glycans on gB along

674  the genome of wild-type HSV-1(F). N, N-glycosylation sites (Asn-87, Asn-141, Asn-398,

675  Asn-430, Asn-489 and Asn-674); TM, transmembrane domain.

676

677 Fig. 2. Effect of mutation at each of the potential gB N-glycosylation sites on

678 electrophoretic mobility in the presence or absence of PNGase. Vero cells infected for
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679 24 h with wild-type HSV-1(F), each of the gB mutant viruses, or each of their repaired

680  viruses at an MOI of 5 were lysed, treated with or without PNGase, and analyzed by

681  immunoblotting with antibodies to gB, VP23, or a-tubulin. Data are representative of 3

682 independent experiments. Dashed lines indicate the bottom of bands harboring gB with

683  each of the indicated NQ mutations. a, anti.

684

685  Fig. 3. Effect of N-glycan at gB Asn-141 on viral susceptibility to neutralization by

686  pooled human y-globulins. (A) 100 PFU of wild-type HSV-1(F), gB-N141Q, or gB-

687  N141Q-repair were incubated with serially diluted human y-globulins at 37°C for 1 h,

688 and then inoculated onto Vero cell monolayers for plaque assays. The percentage of

689  neutralization was calculated from the number of plaques formed by each of the viruses

690 that were incubated with or without human y-globulins, as follows: 100x[1-(humber of

691  plaques after incubation with human y-globulins)/(number of plaques after incubation

692  without human y-globulins)]. (B) Human y-globulins (0.082 mg/mL) were mock-depleted

693  (mock-depleted) or depleted with gB-SE (a.-gB depleted) or gD-SE (a-gD depleted) as

694  shown in S-Fig. 7. Wild-type HSV-1(F), gB-N141Q, or gB-N141Q-repair were incubated

695 with each of the depleted human y-globulins and then inoculated onto Vero cell

696 monolayers as described in A. Each value represents the mean + standard error of the
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697  results of 3 independent experiments. Statistical analysis was performed by two-way

698 ANOVA followed by the Tukey test (A and B). *, P < 0.05 indicates statistically

699 significant differences between gB-N141Q and wild-type HSV-1(F) or gB N141Q-repair;

700 n.s., not significant; a, anti.

701

702  Fig. 4. Effects of N-glycan at Asn-141 in gB on the extent of ADCC induced by

703  human y-globulins. (A) Vero cells were infected with wild-type HSV-1(F), gB-N141Q

704  or gB-N141Q-repair at an MOI of 1 for 24 h, and co-cultured with ADCC effector cells

705 inthe presence or absence of serially diluted human y-globulins for 6 h. A luciferase assay

706  was then performed. (B) Human y-globulins (3.04 mg/mL) were mock-depleted (mock-

707  depleted) or depleted with gB-SE (a-gB depleted) or gD-SE (a-gD depleted) as depicted

708 in S-Fig. 7 and used as described in 4A. Values are fold induction relative to controls

709  without antibody. Each value is the mean + standard error of the results of 3 biologically

710  independent samples. The statistical analysis was performed by two-way ANOVA

711 followed by the Tukey test. *, P < 0.05 indicates statistically significant differences

712 between gB-N141Q and wild-type HSV-1(F) or gB-N141Q-repair; n.s., not significant;

713 0, anti.

714
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715 Fig. 5. Effects of N-glycan shield at Asn-141 in gB on the antigenicity of gB in the
716  prefusion state. (A) Mapping of amino acid residues potentially shielded by the N-glycan
717  at Asn-141 in gB. The amino acid residues with AASAs greater than 5 A2 are colored in
718  green on the 3D structural model of the gB trimer in the prefusion state. Asn-141 is shown
719  in magenta. (B) Overlapping of the C226 epitope which is targeted by neutralizing
720  antibodies to gB and the glycan-shielded region. The amino acid residue with an AASA
721 greater than 5 A2 that also overlaps with the epitope of the neutralizing antibody C226 is
722 shown in blue. The amino acid residues showing AASAs greater than 5 A2 that do not
723  overlap with the amino acid residues in the epitopes of the antibody are shown in green.
724  Asn-141 is shown in magenta.

725

726  Fig. 6. Effect of N-glycan shield at Asn-141 in gB on HSV-1 replication in the eyes of
727  mice in the presence of human y-globulins. (A) Schematic diagram of the experiment
728 over time. Eleven 4-week-old female mice were mock-injected or injected
729  intraperitoneally with human y-globulins, and 1 day later were then ocularly infected with
730 3 x 10° PFU/eye of gB-N141Q or gB-N141Q-repair. Samples of tear films were collected
731 at 1, 3, and 5 days postinfection, and viral titers of the tear films were determined. (B)

732 Viral titers of samples collected at each time point. Each data point represents the viral
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733 titer of atear film sample from a single mouse. Horizontal bars indicate the mean for each
734 group. Statistical analysis was performed by one-way ANOVA followed by the Tukey
735  multiple comparisons test. n.s., not significant; d.p.i., days post infection. Dashed lines
736 indicate limit of detection. n.d., not detected. (C) Fold reduction in mean values of viral
737 titers due to administered human y-globulins, which are shown in B.

738

739  Fig. 7. Effects of N-glycan shield at Asn-141 in gB on HSV-1 replication in the eyes
740  of mice immunized with HSV-1. (A) Schematic diagram of the experiment over time.
741 Twelve 3-week-old female mice were subcutaneously mock-immunized or immunized
742 with 5 x 10° PFU of wild-type HSV-1(F). At 9 weeks after inoculation, the immunized
743  mice were ocularly infected with 3 x 10% PFU/eye of gB-N141Q or gB-N141Q-repair.
744  Samples of tear films were collected at 1, 2, and 3 days postinfection, and viral titers of
745  the tear films were determined. (B) Viral titers of samples collected at each time point.
746  Each data point represents the viral titer of a tear film sample from a single mouse.
747  Horizontal bars indicate the mean for each group. Statistical analysis was performed by
748  one-way ANOVA followed by the Tukey multiple comparisons test. n.s., not significant;

749  d.p.i., days post infection. Dashed lines indicate limit of detection. n,d., not detected. (C)
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750  Fold reduction in mean values of viral titers due to immunization with HSV-1(F), which
751  are shown in B.

752

753  Fig. 8. Effects of N-glycan shield at Asn-141 in gB on the neurovirulence of HSV-1
754  and its replication in the CNS of naive mice. (A) Ten 3-week-old female mice were
755  inoculated intracranially with 1 x 10° PFU of gB-N141Q or gB-N141Q-repair. Infected
756  mice were monitored for 14 days. (B) Three-week-old female mice were inoculated
757  intracranially with 1 x 10° PFU of gB-N141Q (n = 26) or gB-N141Q-repair (n = 27). At
758  days 1 (n=9), 3 (n=9), and 5 (gB-N141Q, n=8; gB-N141Q-repair, n=9), mice from each
759  inoculated group were sacrificed, and the viral titers in the brains were determined. Each
760  data point is the viral titer in the brain of a single mouse. Dashed line indicates the limit
761  of detection. n.d., not detected; d.p.i., days post infection. (C) SK-N-SH cells were
762  infected with wild-type HSV-1(F), gB-N141Q, or gB-N141Q-repair at an MOI of 5 or
763  0.01. Total viruses from cell culture supernatants and infected cells were harvested at 36
764  hor60 hpost-infection (p.i.) and assayed on Vero cells. Each value is the mean + standard
765  error of the results of 3 independent experiments. Statistical analysis was performed by
766  the log rank test (A), the two-tailed Student t test (B), or one-way ANOVA followed by

767  the Tukey test (C). n.s., not significant.
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768

769  Supplementary Fig. 1. Schematic diagrams of wild-type HSV-1(F) and the creation
770  of its recombinants that were used in this study. Schematic diagrams of the genomic
771 structures of wild-type HSV-1(F) and the recombinant viruses used in this study. Line 1,
772 wild-type HSV-1(F) genome; line 2, domains of the UL26.5 to UL 28 genes; lines 3 to 19,
773  recombinant HSV-1 with mutations in the UL27 gene encoding gB; line 20, domains of
774  the Us5 to Us7 genes; line 21, recombinant HSV-1 with mutation in the Us6 gene
775  encoding gD.

776

777  Supplementary Fig. 2. Flow chart of two-step Red-mediated recombination using
778  the KanR or KanR/ePheS* cassette. Line 1, plasmid with a selection marker and an I-
779  Scel site used as a template for PCR amplification; Line 2, PCR-amplified linear DNA
780  fragments containing target homologous sequences (hs) and KanR or KanR/ePheS*
781  cassette; Line 3, target BAC clones in which KanR or KanR/ePheS* cassette was inserted
782 by Red recombination (1% recombination); Line 4, KanR or KanR/ePheS* cassette was
783  excised by expression of the I-Scel restriction enzyme, followed by the second Red
784  recombination (2" recombination). In this step, the E. coli clones harboring BAC in

785  which the KanR or KanR/ePheS* cassette were not removed remained; Line 5, selection
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786  of E. coli clones harboring the BAC in which the KanR or KanR/ePheS* cassette was

787  removed. When the KanR cassette was used, the E. coli clones were selected by replica

788  plating using agar plates containing chloramphenicol (Cm) or agar plates containing Cm

789  and kanamycin (Kan). When the KanR/ePheS* cassette was used, the E. coli clones were

790  selected without replica plating and with agar plates containing Cm and 4-chloro-

791  phenylalanine (4CP).

792

793  Supplementary Fig. 3. Characterization of recombinant HSV-1 generated with the

794  use of the improved HSV-1 genetic manipulation system. (A) Schematic diagrams of

795  recombinants of HSV-1 used in these experiments. Recombinant viruses YK649 (UL51-

796  T190A KanR)and YK650 (UL51-T190A KanR/ePheS*) were generated by the original

797  and improved HSV-1 genetic manipulation systems, respectively. (B) Vero cells were

798 infected at an MOI of 5 or 0.01 with wild-type HSV-1(F), YK649 (HSV-1 UL51-

799 T190A KanR), or YK650 (HSV-1 UL51-T190A_ KanR/ePheS*). All the recombinant

800 viruses from each cell culture supernatant plus the infected cells were harvested at the

801 indicated times, and a sample of each harvested recombinant was assayed on Vero cells.

802 Each value is the mean + standard error of the results of 3 independent experiments.

803  Statistical analysis was performed by one-way ANOVA followed by the Tukey test. n.s.,
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804  not statistically significant between HSV-1(F) and YK649 (UL51-T190A_KanR), HSV-

805 1(F) and YK650 (UL51-T190A_KanR/ePheS*), and YK649 (UL51-T190A_KanR) and

806 YKG650 (UL51-T190A KanR/ePheS*). (C) Nine 3-week-old female ICR mice were

807 infected intracranially with the indicated amounts of YK650 (UL51-

808 T190A KanR/ePheS*) or YK649 (UL51-T190A KanR), and monitored for 14 days.

809  Statistical analysis was performed by the log rank test. n.s., not significant.

810

811  Supplementary Fig. 4. Effect of mutation in each of the gB N-glycosylation sites on

812  HSV-1 replication in cell cultures. Vero cells were infected with wild-type HSV-1(F),

813  each of the gB mutant viruses, or each of their repaired viruses at an MOI of 5 or 0.01.

814  Total virus from cell culture supernatants and infected cells was harvested at 24 or 48 h

815  postinfection and assayed on Vero cells. Each value is the mean + standard error of the

816  results from 3 independent experiments. There were no statistically significant

817  differences between the amounts of any mutant virus compared to the amount of HSV-

818  1(F) by one-way ANOVA followed by the Dunnett test.

819

820  Supplementary Fig. 5. Detection of gB antibodies in human y-globulins. HEK293FT

821  cells were transfected with pFLAG-CMV2-EGFP or pcDNA-MEF-gB. Transfected cells


https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.12.519993; this version posted December 13, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

49

822  were fixed, permeabilized, and incubated with serially diluted human y-globulins (1.31

823 mg/mL) and analyzed by flow cytometry. The relative amounts of gB antibodies were

824  calculated as follows: (mean fluorescent intensity of cells transfected with pcDNA-MEF-

825 gB) — (mean fluorescent intensity of cells transfected with pFLAG-CMV2-EGFP). Data

826  are means * standard error of the results of 2 independent experiments.

827

828  Supplementary Fig. 6. Effect of mutation in each of the gB N-glycosylation sites on

829  viral susceptibility to neutralization by human y-globulins. 100 PFU of wild-type

830  HSV-1(F) or each of the gB mutant viruses were incubated with 0.041 mg/mL human y-

831  globulins at 37°C for 1 h, and then inoculated onto Vero cell monolayers for plague assays.

832  The percentage of neutralization was calculated from the number of plaques formed by

833  each of the viruses that were incubated with or without human y-globulins as follows:

834  100x[1-(number of plaques after incubation with human y-globulins)/(number of plaques

835  after incubation without human y-globulins)]. Each value is the mean + standard error of

836  the results of 6 independent experiments. The statistical analysis was performed by one-

837 way ANOVA followed by the Dunnett multiple comparisons test. n.s., not significant.

838
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839  Supplementary Fig. 7. Depletion of gB or gD antibodies from pooled human y-

840 globulins. (A) Schematic diagram of depletion of gB or gD antibodies from human y-

841  globulins. Vero cells were infected with wild-type HSV-1(F), YK717 (gB-SE), or YK718

842  (gD-SE) at an MOI of 0.5 for 24 h. The cells were then lysed and incubated with Strep-

843  Tactin Sepharose beads. For mock-depletion, human y-globulins (0.082 and 3.04 mg/mL

844  for neutralizing and ADCC assays, respectively) were incubated with Strep-Tactin

845  Sepharose beads previously incubated with the lysate of HSV-1(F)-infected cells. For

846  depletion of gB or gD antibodies from human y-globulins, human y-globulins were

847  incubated with gB-SE or gD-SE immobilized on Strep-Tactin Sepharose beads. (B) The

848  Strep-Tactin Sepharose beads reacted with lysates of infected cells as described in A were

849  divided into 2 aliquots. One aliquot was analyzed by electrophoresis in a denaturing gel

850 and stained with Coomassie brilliant blue (CBB) (left gel), and the other aliquot was

851 analyzed by immunoblotting with anti-strep antibody (right gel). (C to E) HEK293FT

852  cells were transfected with pcDNAS3.1-tagRFP-P2A-stop, pcDNA3.1-gB-P2A-tagRFP,

853  or pcDNAS3.1-gD-P2A-tagRFP, encoding tagRFP-P2A-stop, gB-P2A-tagRFP, or gD-

854  P2A-tagRFP, respectively (C). At 48 h post-transfection, cells were incubated with mock-

855  depleted human y-globulins (mock-depleted) or human y-globulins depleted with anti-

856 gB-SE (anti-gB depleted) or anti-gD-SE (anti-gD depleted), and tagRFP+ cells were
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857 analyzed (D and E). The data are representative of 3 independent experiments (B and D).

858 anti, a.

859

860  Supplementary Fig. 8. Effect of N-glycan at gB Asn-141 on cell surface expression

861  of gB in HSV-1-infected cells. (A) Vero cells were infected with wild-type HSV-1(F),

862 gB-N141Q, gB-N141Q-repair, AgB, or AgB-repair at an MOI of 1. At 24 h post-infection,

863  cell surface expression (left panel) and total expression (right panel) of gB in infected

864  cells were analyzed by flow cytometry. (B) Quantitative bar graph of the cell surface

865  expression of gB shown in (A). The relative amount of expression of gB on the cell

866  surface was calculated as follows: [(mean fluorescent intensity for gB expression on the

867  surfaces of cells infected with the indicated virus) — (mean fluorescent intensity for gB

868  expression on the surfaces of cells infected with AgB)]/[(mean fluorescent intensity for

869  total gB expression in cells infected with the indicated virus) — (mean fluorescent

870 intensity for total gB expression in cells infected with AgB)]. (C) Vero cells infected with

871  wild-type HSV-1(F), gB-N141Q, or gB-N141Q-repair at an MOI of 5 for 18 h were fixed,

872  permeabilized, stained with antibody to gB, and examined by confocal microscopy. Scale

873  bars =2 pm. The data are representative of 3 independent experiments (A and C). Each

874  value is the mean = standard error of the results of 3 independent experiments (B).


https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.12.12.519993; this version posted December 13, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

52

875  Statistical analysis was performed by one-way ANOVA followed by the Tukey test. n.s.,
876  not significant (B).

877

878  Supplementary Fig. 9. Bar graphs showing effects of N-glycan shield at gB Asn-141
879  on the antigenicity of gB in the prefusion state. Bar graphs showing AASA values (> 5
880  A?) for each of the protomers of the gB trimer in the prefusion state. Abbreviations of the
881  amino acids residues mapped to FR2 and FR3 (20, 21) are colored in green and orange,

882  respectively.

883
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Fig.5 A. Fukui and Y. Maruzuru et al.
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Supplementary Table 1A. Efficiency of two-step Red-mediated recombination with ePheS* cassette

Selection cassette excision®

Mutation inserted into pYEbacC102Cre izlsesceti[ct)g Sele;:;isoer:t?;:asette
Selection plate

Alanine substitution of UL51 T190 KanR 18/20 (90%) Cm 4/23 (17.4%)
KanR/ePheS* 15/20 (75.0%) Cm/4CP 20/23 (87.0%)

Deletion of UL54, codons 1-513 KanR 14/15 (93.3%) Cm 4/23 (17.4%)
KanR/ePheS* 12/15 (80.0%) Cm/4CP 18/19 (94.7%)

Insertion of Flag-tag to N-terminus of ICP22 KanR 13/15 (86.7%) Cm 2/23 (8.7%)

KanR/ePheS* 13/15 (86.7%) Cm/4CP 20/23 (87.0%)

aAs determined by colony PCR. Selection cassette inserted colonies/total colonies
bAs determined by colony PCR. Colonies without selection cassette as desired/total colonies
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Supplementary Table 1B Oligonucleotide sequences and DNA templates for the construction of plasmids

Construct | Oligonucleotide sequence (5'-3') PCR Recipient plasmid
ed DNA
plasmid templat
e
PBS- 5-GCGATATCAGGATGACGACGATAAGTAG-3' PEP- | pBluescript I
R« | 5-TCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATG-3 :%f;s KS(+) (Stratagene)
5 CATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGA-3' pUC18
5-GCGCGGCCGCTGCAAGCAGCAGATTACGCG-3' SPA -
(14)
pBS-TEV- | 5'- pEP- pBluescript Il
2xStrep- | GCGAATTCGGAGGTTCAGAGAATTTGTATTTTCAGGGTGCTAGCTGGTGTCATCCTCAATTTGAG | KanS | KS(+) (Stratagene)
KanS AAGGGTGGAGGTGCCCGAGGTGGAGGATGACGACGATAAGTAGGG-3' (13)
5
GCGGATCCTTTTTCGAACTGCGGGTGGCTCCACGATCCACCTCCCGATCCACCTCGGGCACCT
CCACCCTTCTCAAATTGAGGATGACCAACCAATTAACCAATTCTGATTAG-3'
PcDNA3.1 | 5-GCGGATCCGCCACCATGGTGTCTAAGGGCGAAGA-3' pTagR | pcDNA3.1
-tagRFP- 5 FP-N1 | (Invitrogen)
P2A GCGAATTCAGGCCCGGGGTTTTCTTCAACATCTCCTGCTTGCTTTAACAGAGAGAAGTTCGTGG | (33)
CTCCGCTTCCATTAAGTTTGTGCCCCAGTTTG-3'
pcDNA3.1 | 5'- pTagR | pcDNAS3.1
-P2A- GCGATATCGGAAGCGGAGCCACGAACTTCTCTCTGTTAAAGCAAGCAGGAGATGTTGAAGAAAA | FP-N1 | (Invitrogen)
tagRFP | CCCCGGGCCTGTGTCTAAGGGCGAAGAGCT-3' (33)
5-GCGCGGCCGCTCAATTAAGTTTGTGCCCCAGTT-3'
pcDNA3.1 | 5-CCCCGGGCCTGAATTCTGAGATATCCAGCACAGTGGCGG-3' N/A PCDNA3.1-
tagRFP- I S CGCCACTGTGCTGGATATCTCAGAATTCAGGCCCGGGG-3' tagRFP-P2A (This
P2A-stop study)
PcDNA3.1 | 5-CCAGTGTGGTGGAATTCGCCACCATGCGCCAGGGCGCCCCCGC-3' HSV- | pcDNA3.1-P2A-
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-gB-P2A- | 5-GGCTCCGCTTCCGATCAGGTCGTCCTCGTCGGCGT-3' 1(F) tagRFP (This
tagRFP genom | study)
e
pcDNA3.1 | 5-CCAGTGTGGTGGAATTCGCCACCATGGGGGGGGCTGCCGCCAG-3' HSV- pcDNAS3.1-P2A-
-gD-P2A- ; ; 1(F) tagRFP (This
5'-GGCTCCGCTTCCGATGTAAAACAAGGGCTGGTGCG-3
tagRFP genom | study)
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Supplementary Table 1C Summary of synthesized plasmids

Con
stru
cted
plas
mid

Synthesized DNA sequence

pRe
troX

TRE
3G-
gBo

GGATCCGCCACCATGAGACAGGGAGCACCAGCAAGGGGATGCAGATGGTTCGTGGTGTGGGCACTGCTGGGACTGACACTGGGCGT
GCTGGTGGCCAGCGCCGCCCCAAGCTCCCCCGGCACCCCTGGCGTGGCCGCCGCCACACAGGCCGCCAACGGCGGCCCAGCCAC
CCCAGCACCACCTGCACCAGGACCTGCACCAACCGGCGACACAAAGCCTAAGAAGAACAAGAAGCCAAAGAATCCACCACCTCCAAG
GCCAGCAGGCGATAATGCAACCGTGGCAGCAGGACACGCCACACTGAGGGAGCACCTGCGCGATATCAAGGCCGAGAACACCGACG
CCAATTTCTACGTGTGCCCACCTCCAACCGGAGCAACAGTGGTGCAGTTTGAGCAGCCACGGAGATGTCCTACCCGCCCAGAGGGCC
AGAACTACACAGAGGGCATCGCCGTGGTGTTCAAGGAGAATATCGCCCCCTATAAGTTTAAGGCCACCATGTACTATAAGGACGTGACA
GTGTCTCAAGTGTGGTTCGGCCACCGGTACAGCCAGTTCATGGGCATCTTTGAGGACAGAGCCCCCGTGCCTTTTGAGGAAGTGATC
GATAAGATCAACGCAAAGGGCGTGTGCCGCAGCACCGCCAAGTATGTGCGGAACAATCTGGAGACCACAGCCTTCCACCGGGACGAT
CACGAGACAGACATGGAGCTGAAGCCTGCAAATGCAGCAACCAGGACATCCAGGGGATGGCACACCACAGATCTGAAGTACAACCCAT
CTCGCGTGGAGGCCTTCCACCGGTATGGCACCACAGTGAATTGTATCGTGGAGGAGGTGGATGCCAGAAGCGTGTACCCATATGACGA
GTTTGTGCTGGCCACCGGCGATTTCGTGTACATGTCCCCCTTTTACGGCTATCGGGAGGGCTCCCACACCGAGCACACATCTTACGCC
GCCGACAGATTCAAGCAGGTGGATGGCTTTTATGCCAGAGACCTGACCACAAAGGCAAGGGCAACCGCACCTACCACAAGGAACCTG
CTGACCACACCAAAGTTCACAGTGGCATGGGACTGGGTGCCAAAGAGGCCTTCCGTGTGCACCATGACAAAGTGGCAGGAGGTGGAC
GAGATGCTGCGGAGCGAGTACGGCGGCTCCTTCAGATTTTCTAGCGATGCCATCAGCACCACCTTCACCACAAACCTGACCGAGTATC
CCCTGTCCAGAGTGGATCTGGGCGACTGTATCGGCAAGGATGCCAGAGACGCCATGGATAGGATCTTCGCCAGGCGCTACAATGCCAC
CCACATCAAGGTCGGCCAGCCCCAGTACTATCTGGCCAACGGCGGCTTTCTGATCGCCTACCAGCCTCTGCTGTCCAATACCCTGGCC
GAGCTGTATGTGCGGGAGCACCTGAGAGAGCAGTCTAGGAAGCCCCCTAACCCTACACCACCACCTCCAGGAGCAAGCGCCAATGCA
TCCGTGGAGAGGATCAAGACCACATCCTCTATCGAGTTCGCCCGCCTGCAGTTTACCTATAACCACATCCAGAGGCACGTGAATGACAT
GCTGGGAAGGGTGGCAATCGCATGGTGCGAGCTGCAGAACCACGAGCTGACCCTGTGGAATGAGGCCAGGAAGCTGAACCCTAATG
CAATCGCAAGCGCCACAGTGGGCCGGAGAGTGTCCGCCAGGATGCTGGGCGACGTGATGGCCGTGTCTACCTGCGTGCCAGTGGCA
GCCGATAACGTGATCGTGCAGAATAGCATGAGGATCAGCTCCAGGCCAGGAGCATGTTACTCTAGACCCCTGGTGAGCTTCAGGTACG
AGGACCAGGGACCACTGGTGGAGGGACAGCTGGGCGAGAACAATGAGCTGCGGCTGACCAGAGATGCCATCGAGCCTTGTACAGTG
GGCCACAGGCGCTACTTCACCTTTGGCGGCGGCTACGTGTATTTTGAGGAGTACGCCTATTCTCACCAGCTGAGCAGGGCCGACATCA
CCACAGTGTCCACCTTCATCGACCTGAACATCACAATGCTGGAGGATCACGAGTTTGTGCCTCTGGAGGTGTACACCCGGCACGAGAT
CAAGGACTCTGGCCTGCTGGATTATACAGAGGTGCAGCGGAGAAACCAGCTGCACGACCTGAGATTCGCCGACATCGATACCGTGATC
CACGCCGATGCCAATGCAGCAATGTTTGCAGGACTGGGAGCCTTCTTTGAGGGAATGGGCGATCTGGGAAGGGCAGTGGGCAAGGTG
GTCATGGGAATCGTGGGAGGAGTGGTGTCCGCCGTGTCTGGCGTGTCTAGCTTCATGAGCAACCCCTTTGGCGCCCTGGCCGTGGGA
CTGCTGGTGCTGGCAGGACTGGCAGCCGCCTTCTTTGCCTTCAGATACGTGATGAGGCTGCAGTCTAATCCCATGAAGGCCCTGTATC
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CTCTGACCACAAAGGAGCTGAAGAACCCAACCAATCCAGACGCAAGCGGAGAGGGAGAGGAGGGAGGCGACTTTGATGAGGCAAAG

CTGGCAGAGGCAAGGGAGATGATCCGGTACATGGCCCTGGTGTCCGCCATGGAGAGGACAGAGCACAAGGCCAAGAAGAAGGGCAC
CTCCGCCCTGCTGTCTGCCAAGGTGACAGATATGGTCATGCGCAAGAGGCGCAACACCAATTATACACAGGTGCCCAACAAGGACGGC
GATGCCGACGAGGACGATCTGTGAGAATTC

pRe
troX

TRE
3G-
ICP
40

GGATCCGCCACCATGGCCAGCGAGAACAAGCAGAGGCCTGGCTCCCCTGGACCAACCGATGGACCACCTCCAACACCATCCCCTGAC
AGGGATGAGAGAGGCGCCCTGGGATGGGGAGCAGAGACCGAGGAGGGAGGCGACGATCCAGACCACGATCCAGACCACCCCCACG
ATCTGGACGATGCAAGGAGAGACGGAAGGGCACCAGCAGCAGGCACAGACGCCGGCGAGGATGCCGGCGACGCCGTGTCCCCCCG
GCAGCTGGCCCTGCTGGCCTCTATGGTGGAGGAGGCCGTGAGAACCATCCCAACACCCGATCCTGCAGCATCCCCACCTAGGACACC
AGCCTTCCGGGCAGACGATGACGATGGCGACGAGTACGACGATGCCGCCGATGCAGCAGGCGACAGGGCACCAGCAAGGGGACGG
GCCAGAGAGGCCCCCCTGAGAGGCGCCTATCCAGATCCCACCGACAGACTGAGCCCAAGGCCACCAGCACAGCCTCCAAGGCGCCG
GAGACACGGCAGGCGCCGGCCTTCTGCCAGCTCCACATCTAGCGATAGCGGCTCCTCTAGCTCCTCTAGCGCCAGCTCCAGCTCCTC
TAGCTCCGATGAAGACGAGGACGATGACGGCAATGATGCCGCCGACAGGGCAAGGGAGGCAAGGGCAGTGGGAAGGGGCCCCTCTA
GCGCCGCCCCTGAGGCCCCAGGCCGGACCCCCCCTCCACCCGGCCCTCCACCCCTGAGCGAGGCAGCACCTAAGCCAAGAGCAGC
AGCCAGGACACCAGCTGCCTCCGCCGGCCGCATCGAGAGAAGGCGCGCAAGGGCAGCAGTGGCAGGAAGAGACGCAACCGGCAGG
TTCACAGCAGGACAGCCAAGGAGAGTGGAGCTGGATGCAGACGCAGCATCCGGAGCCTTTTACGCACGGTATAGAGATGGCTACGTG
TCTGGCGAGCCATGGCCTGGAGCAGGACCTCCACCACCTGGCCGGGTGCTGTATGGCGGCCTGGGCGACTCCAGACCTGGCCTGTG
GGGCGCCCCAGAGGCCGAGGAGGCCAGGCGCCGGTTCGAGGCATCTGGAGCACCAGCAGCCGTGTGGGCCCCTGAGCTGGGCGA
TGCAGCACAGCAGTACGCACTGATCACCAGGCTGCTGTATACACCAGACGCAGAGGCAATGGGATGGCTGCAGAACCCCAGAGTGGT
GCCTGGCGATGTGGCCCTGGACCAGGCATGCTTCAGAATCAGCGGAGCAGCACGGAACAGCTCTAGCTTTATCACCGGCTCCGTGGC
CAGGGCCGTGCCCCACCTGGGCTACGCCATGGCCGCCGGCCGCTTCGGATGGGGACTGGCACACGCAGCAGCAGCAGTGGCAATG
TCTAGAAGGTACGACAGAGCCCAGAAGGGCTTTCTGCTGACCAGCCTGAGGAGGGCATATGCACCTCTGCTGGCAAGAGAGAACGCC
GCCCTGACAGGAGCAGCAGGCAGCCCAGGAGCAGGAGCAGATGACGAGGGLCGTGGCCGCLCGLLGTGGTGGLTGLCCGLCGLLGLC
CCAGGCGAGAGGGCCGTGCCCGCCGGCTATGGCGCCGCCGGCATCCTGGCCGCCCTGGGCCGCLCTGAGLCGLLCGLCLCCGeCTCC
CCTGCCGGCGGCGATGACCCCGATGCCGCCCGGCACGCCGACGCCGATGACGATGCAGGCAGAAGGGCACAGGCAGGAAGGGTGG
CCGTGGAGTGCCTGGCCGCCTGTCGCGGCATCCTGGAGGCCCTGGCCGAGGGCTTCGATGGCGACCTGGCAGCAGTGCCAGGACT
GGCAGGAGCACGCCCCGCCTCTCCACCCCGGCCAGAGGGCCCCGCCGGCCCTGCCAGCCCTCCACCCCCTCACGCCGACGLCCCeC
AGGCTGCGCGCCTGGCTGAGGGAGCTGCGCTTTGTGCGGGATGCCCTGGTGCTGATGCGGCTGAGAGGCGACCTGCGGGTGGCAG
GAGGCTCTGAGGCAGCAGTGGCAGCCGTGAGAGCCGTGAGCCTGGTGGCCGGCGCCCTGGGCCCAGCCCTGCCCAGAGATCCTAG
GCTGCCATCCTCTGCCGCAGCAGCAGCAGCAGACCTGCTGTTCGAGAACCAGAGCCTGCGGCCTCTGCTGGCCGCCGCCGCCTCCG
CCCCAGATGCAGCAGACGCACTGGCAGCAGCAGCAGCATCCGCCGCCCCCAGAGAGGGAAGGAAGAGGAAGTCTCCAGGACCAGC
AAGACCACCAGGCGGAGGAGGACCTAGGCCTCCAAAGACCAAGAAGTCCGGCGCCGATGCCCCAGGCTCTGACGCCAGGGCCCCT
CTGCCAGCCCCCCCTTCCACACCACCCGGCCCCGAGCCTGCCCCAGCACAGCCAGCAGCACCTAGGGCAGCAGCAGCCCAGGECC
GGCCCAGACCTGTGGCCCTGAGCCGCCGGCCTGCCGAGGGCCCAGACCCCCTGGGCGGCTGGAGAAGGCAGCCTCCAGGCCCTT
CCCACACCGCAGCACCAGCAGCAGCCGCCCTGGAGGCCTACTGCTCTCCAAGAGCCGTGGCCGAGCTGACAGATCACCCACTGTTC
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CCTGTGCCATGGAGGCCCGCCCTGATGTTTGACCCTCGGGCCCTGGCCTCCATCGCCGCCAGATGCGCAGGACCAGCAGCAGCAGC
ACAGGCAGCCTGTGGCGGCGGCGACGATGACGATAATCCACACCCTCACGGAGCAGCAGGAGGCAGACTGTTTGGCCCACTGAGGG
CATCTGGACCACTGAGGAGGATGGCAGCCTGGATGAGGCAGATCCCAGATCCCGAGGACGTGCGCGTGGTGGTGCTGTATAGCCCTC
TGCCAGGCGAGGACCTGGCAGGAGGAGGAGCAAGCGGAGGACCACCTGAGTGGTCCGCCGAGAGGGGAGGACTGTCTTGCCTGCT
GGCCGCCCTGGCAAACAGGCTGTGCGGCCCCGATACCGCAGCATGGGCAGGAAATTGGACAGGAGCACCTGACGTGAGCGCCCTGG
GAGCACAGGGCGTGCTGCTGCTGTCCACCAGAGATCTGGCCTTCGCCGGAGCAGTGGAGTTTCTGGGACTGCTGGCAAGCGCCGGC
GACAGAAGGCTGATCGTGGTGAACACAGTGCGGGCATGCGATTGGCCAGCAGACGGACCCGCCGTGTCCAGACAGCACGCATACCT
GGCATGCGATCTGCTGCCAGCAGTGCAGTGTGCCGTGCGCTGGCCTGCAGCAAGGGACCTGAGGCGGACCGTGCTGGCCCCTGGC
AGGGTGTTCGGCCCAGGCGTGTTTGCAAGAGTGGAGGCAGCACACGCAAGGCTGTACCCCGACGCACCACCACTGAGGCTGTGCAG
GGGAGGCAATGTGAGGTATCGCGTGCGGACCAGATTCGGCCCTGATACACCCGTGCCTATGTCTCCAAGGGAGTACAGAAGGGCCGT
GCTGCCTGCCCTGGACGGAAGGGCAGCAGCAAGCGGAACCACAGATGCAATGGCACCAGGAGCACCAGACTTTTGCGAGGAGGAGG
CACACAGCCACAGGGCATGTGCAAGATGGGGACTGGGAGCACCTCTGAGGCCAGTGTATGTGGCCCTGGGCAGAGAGGCCGTGAGG
GCAGGACCAGCAAGGTGGAGGGGACCTAGGAGGGACTTCTGTGCAAGGGCCCTGCTGGAGCCAGACGATGACGCACCTCCACTGGT
GCTGAGGGGAGGCGATGACGATGACGATGGACCAGGCGCCCTGCCACCTGCCCTGCCTGGCATCCGCTGGGCCTCTGCCACCGGC
CGGAGCGGCACAGTGCTGGCCGCCGCCGGCGCCGTGGAGGTGCTGGGCGCCGAGGCCGGCCTGGCCACCCCACCCAGAAGGGAG
GTGGTGGATTGGGAGGGAGCATGGGACGATGACGATGGAGGAGCCTTTGAGGGCGACGGCGTGCTGTGAGAATTC
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Supplementary Table 1D Oligonucleotide sequences, plasmid, and E. coli GS1873 containing HSV-BAC for the construction of recombinant
viruses or mutagenesis.

Recombi | Mutation inserted | Oligonucleotide sequence (5'-3) Plasmid E. coli GS1873
nant into DNA containing HSV-
virus pYEbac102Cre template | BAC
YK681 HSV-1 gB-N87Q 5'- pBS- E. coli
AAAACCGAAAAACCCACCGCCGCCGCGCCCCGCCGGCGACCAGGLCGACC | KanR- GS1783/pYEbac
GTCGCCGCGGGAGGATGACGACGATAAGTAG-3' ePheS* 102Cre (37)
(This
5'- study)

GCTCGCGCAGGGTGGCGTGGCCCGCGGCGACGGTCGCCTGGTCGCCGG
CGGGGCGCGGCGTGCAAGCAGCAGATTACGCG-3'

YK683 HSV-1 gB-N141Q | 5"- pBS- E. coli
CGAGCAGCCGCGCCGCTGCCCGACCCGGCCCGAGGGTCAGCAGTACACG | KanR- GS1783/pYEbac
GAGGGCATCGCAGGATGACGACGATAAGTAG-3' ePheS* 102Cre (37)

(This
5'- study)

TGTTCTCCTTGAAGACCACCGCGATGCCCTCCGTGTACTGCTGACCCTCGG
GCCGGGTCGTGCAAGCAGCAGATTACGCG-3'

YK685 HSV-1 gB-N398Q | 5™- pBS- E. coli
CCGATTCTCCTCCGACGCCATATCCACCACCTTCACCACCCAGCTGACCGA | KanR- GS1783/pYEbac
GTACCCGCTAGGATGACGACGATAAGTAG-3' ePheS* 102Cre (37)

(This
5'- study)

CCCCCAGGTCCACGCGCGAGAGCGGGTACTCGGTCAGCTGGGTGGTGAA
GGTGGTGGATATGCAAGCAGCAGATTACGCG-3'

YK687 | HSV-1 gB-N430Q | 5- pBS- E. coli
CGCCCGCGACGCCATGGACCGCATCTTCGCCCGCAGGTACCAGGCGACG | KanR- GS1783/pYEbac
CACATCAAGGTAGGATGACGACGATAAGTAG-3' ePheS* | 102Cre (37)
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5'-

(This

GGTAGTACTGCGGCTGGCCCACCTTGATGTGCGTCGCCTGGTACCTGCGG | study)
GCGAAGATGCTGCAAGCAGCAGATTACGCG-3'

YK689 HSV-1 gB-N489Q | 5'- pBS- E. coli
GCCCCCAAACCCCACGCCCCCGCCGCCCGGGGCCAGCGCCCAGGLGTC | KanR- GS1783/pYEbac
CGTGGAGCGCATAGGATGACGACGATAAGTAG-3' ePheS* 102Cre (37)

(This
5'- study)
CGATGGAGGAGGTGGTCTTGATGCGCTCCACGGACGCCTGGGCGCTGGC
CCCGGGCGGCGTGCAAGCAGCAGATTACGCG-3'

YK691 HSV-1 gB-N674Q | 5- pBS- E. coli
CCGCGCCGACATCACCACCGTCAGCACCTTCATCGACCTCCAGATCACCAT | KanR- GS1783/pYEbac
GCTGGAGGAAGGATGACGACGATAAGTAG-3 ePheS* 102Cre (37)

(This
5'- study)
CCAGGGGGACAAACTCGTGATCCTCCAGCATGGTGATCTGGAGGTCGATG
AAGGTGCTGATGCAAGCAGCAGATTACGCG-3'

YK693 HSV-1 gB-N888Q | 5'- pBS- E. coli
CAAGGTCACCGACATGGTCATGCGCAAGCGCCGCAACACCCAGTACACCC | KanR- GS1783/pYEbac
AAGTTCCCAAAGGATGACGACGATAAGTAG-3' ePheS* 102Cre (37)

(This
5'- study)
CGTCGGCGTCACCGTCTTTGTTGGGAACTTGGGTGTACTGGGTGTTGCGG
CGCTTGCGCATGCAAGCAGCAGATTACGCG-3'
YK682 HSV-1 gB-N87Q- | 5'- pBS- E. coli GS1783/
repair AAAACCGAAAAACCCACCGCCGCCGCGCCCCGCCGGCGACAACGCGALCC | KanR- containing the
GTCGCCGCGGGAGGATGACGACGATAAGTAG-3' ePheS* YK681 genome
(This (This study)
5'- study)

GCTCGCGCAGGGTGGCGTGGCCCGCGGCGACGGTCGCGTTGTCGCCGG
CGGGGCGCGGCGTGCAAGCAGCAGATTACGCG-3'



https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

YK684 HSV-1 gB-N141Q- | 5™- pBS- E. coli GS1783/
repair CGAGCAGCCGCGCCGCTGCCCGACCCGGCCCGAGGGTCAGAACTACACG | KanR- containing the
GAGGGCATCGCAGGATGACGACGATAAGTAG-3' ePheS* YK683 genome
(This (This study)
5'- study)
TGTTCTCCTTGAAGACCACCGCGATGCCCTCCGTGTAGTTCTGACCCTCGG
GCCGGGTCGTGCAAGCAGCAGATTACGCG-3'
YK686 HSV-1 gB-N398Q- | 5'- pBS- E. coli GS1783/
repair CCGATTCTCCTCCGACGCCATATCCACCACCTTCACCACCAACCTGACCGA | KanR- containing the
GTACCCGCTAGGATGACGACGATAAGTAG-3' ePheS* YK685 genome
(This (This study)
5'- study)
CCCCCAGGTCCACGCGCGAGAGCGGGTACTCGGTCAGGTTGGTGGTGAA
GGTGGTGGATATGCAAGCAGCAGATTACGCG-3'
YK688 HSV-1 gB-N430Q- | 5'- pBS- E. coli GS1783/
repair CGCCCGCGACGCCATGGACCGCATCTTCGCCCGCAGGTACAACGCGACG KanR- containing the
CACATCAAGGTAGGATGACGACGATAAGTAG-3' ePheS* YK687 genome
(This (This study)
5'- study)
GGTAGTACTGCGGCTGGCCCACCTTGATGTGCGTCGCGTTGTACCTGCGG
GCGAAGATGCTGCAAGCAGCAGATTACGCG-3'
YK690 HSV-1 gB-N489Q- | 5'- pBS- E. coli GS1783/
repair GCCCCCAAACCCCACGCCCCCGLCCGLCCGGGGCCAGCGCCAACGLGTCC | KanR- containing the
GTGGAGCGCATAGGATGACGACGATAAGTAG-3' ePheS* YK689 genome
(This (This study)
5'- study)
CGATGGAGGAGGTGGTCTTGATGCGCTCCACGGACGCGGTGGCGCTGGC
CCCGGGCGGCGTGCAAGCAGCAGATTACGCG-3'
YK692 HSV-1 gB-N674Q- | 5'- pBS- E. coli GS1783/
repair CCGCGCCGACATCACCACCGTCAGCACCTTCATCGACCTCAACATCACCAT | KanR- containing the
GCTGGAGGAAGGATGACGACGATAAGTAG-3' ePheS* YK691 genome
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5'- (This (This study)
CCAGGGGGACAAACTCGTGATCCTCCAGCATGGTGATGGTGAGGTCGATG | study)
AAGGTGCTGATGCAAGCAGCAGATTACGCG-3'
YK694 HSV-1 gB-N888Q- | 5'- pBS- E. coli GS1783/
repair CAAGGTCACCGACATGGTCATGCGCAAGCGCCGCAACACCAACTACACCC | KanR- containing the
AAGTTCCCAAAGGATGACGACGATAAGTAG-3' ePheS* YK693 genome
(This (This study)
5'- study)
CGTCGGCGTCACCGTCTTTGTTGGGAACTTGGGTGTAGGTGGTGTTGCGG
CGCTTGCGCATGCAAGCAGCAGATTACGCG-3
YK695 HSV-1 AgB 5'- pEP- E. coli
GCCCCCAGGCTACCTGACGGGGGGCACGACGGGLCCCCCGTAGTLCCCGLC | Kan-S GS1783/pYEbac
AAGGATGACGACGATAAGTAGGG-3' (13) 102Cre (37)
5'-
TCGCCCATCCCCTCGAAGAACGCGCCCAGGCCCGCGAACATGGCGGCGTT
CAACCAATTAACCAATTCTGATTAG-3'
YK650 HSV-1 UL51- | 5'- pBS- E. coli
T190A_KanR/ePh | GCTTGGGGTGACCGAGGCGCCCTCCTTGGGGCACCCCCACGCACCGCCC | KanR- GS1783/pYEbac
eS* CCGGAGGTTACAGGATGACGACGATAAGTAGGG-3' ePheS* 102Cre (37)
(This
5'- study)
CGTTTCGGGCGGCAGGCGCCAGCGTAACCTCCGGGGGCGGTGCGTGGG
GGTGCCCCAAGGTGCAAGCAGCAGATTACGCG-3'
YK649 HSV-1 UL51- | 5'- pEP- E. coli
T190A_KanR GCTTGGGGTGACCGAGGCGCCCTCCTTGGGGCACCCCCACGCACCGCCC | Kan-S GS1783/pYEbac
CCGGAGGTTACAGGATGACGACGATAAGTAGGG-3' (13) 102Cre (37)

5'-
CGTTTCGGGCGGCAGGCGCCAGCGTAACCTCCGGGGGCGGTGCGTGGG
GGTGCCCCAAGGCAACCAATTAACCAATTCTGATTAG-3'
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YK717 HSV-1 gB-SE 5'- pBS- E. coli
AGTTCCCAACAAAGACGGTGACGCCGACGAGGACGACCTGGGAGGTTCA | TEV- GS1783/pYEbac
GAGAATTTGTA-3' 2xStrep- | 102Cre (37)
57 KanS
TTAACACCCGTGGTTTTTATTTACAACAAACCCCCCGTCATTTTTCGAACTGC | (This
GGGTGGC-3' study)
YK718 HSV-1 gD-SE 5'- pBS- E. coli
GGAAGACGACCAGCCGTCCTCGCACCAGCCCTTGTTTTACGGAGGTTCAG | TEV- GS1783/pYEbac
AGAATTTGTA-3' 2xStrep- | 102Cre (37)
5'- KanS
CAGACCTGACCCCCCCGCACCCATTAAGGGGGGGTATCTATTTTTCGAACT | (This
GCGGGTGGC-3' study)
N/A HSV-1 5'- pBS- E. coli
AUL54_KanR/ePh | ATCCGACACCCCAGCCCCGACGGCAGCCGACAGCCCGGTCGTACAATAAA | KanR- GS1783/pYEbac
eS* AACAAAACATAGGATGACGACGATAAGTAGGG-3' ePheS* 102Cre (37)
(This
5'- study)
CGTGGGGCGATTTGTTTGAAATGTTTTGTTTTTATTGTACGACCGGGCTGTC
GGCTGCCGTGCAAGCAGCAGATTACGCG-3'
N/A HSV-1 5'- pEP- E. coli
AUL54_KanR ATCCGACACCCCAGCCCCGACGGCAGCCGACAGCCCGGTCGTACAATAAA | Kan-S GS1783/pYEbac
AACAAAACATAGGATGACGACGATAAGTAGGG-3' (13) 102Cre (37)
5'-
CGTGGGGCGATTTGTTTGAAATGTTTTGTTTTTATTGTACGACCGGGCTGTC
GGCTGCCGCAACCAATTAACCAATTCTGATTAG-3'
N/A HSV-1 ICP22- | 5'- pBS- E. coli
flag_KanR/ePheS* | GCGGGGGGAAGCCACTGTGGTCCTCCGGGACGTTTTCTGGATGGACTACA | KanR- GS1783/pYEbac
AAGACGATGACGACAAGATGGCCGAGGATGACGACGATAAGTAGGG-3' ePheS* 102Cre (37)
(This
5'- study)

TTACACAAGGCGCAAAAGCGCCTGGGGAAATGTCGGCCATCTTGTCGTCAT
CGTCTTTGTAGTCCATCCAGAATGCAAGCAGCAGATTACGCG-3'
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N/A HSV-1 ICP22- | 5'- pEP- E. coli
flag_KanR GCGGGGGGAAGCCACTGTGGTCCTCCGGGACGTTTTCTGGATGGACTACA | Kan-S GS1783/pYEbac
AAGACGATGACGACAAGATGGCCGAGGATGACGACGATAAGTAGGG-3' (13) 102Cre (37)

5'-
TTACACAAGGCGCAAAAGCGCCTGGGGAAATGTCGGCCATCTTGTCGTCAT
CGTCTTTGTAGTCCATCCAGAACAACCAATTAACCAATTCTGATTAG-3'



https://doi.org/10.1101/2022.12.12.519993
http://creativecommons.org/licenses/by-nc-nd/4.0/

	3be37007-5463-4f82-a9d3-f307a9b13b86.pdf
	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17


