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Simultaneously 100µL of Mab culture supernatants, diluted in the same buffer, were added in 125 triplicate to separate wells and incubated at 37 ºC for 1h. The plates were washed as before and 126 100µL of a 1/4000 dilution of rabbit anti-mouse IgG-HRP conjugate was added. After washing the 127 wells four times with PBST, the bound HRP was detected with TMB substrate. 163 Supernatant from Mab 1F5-hybridoma cell-culture was harvested and IgG purified using protein A 164 column and labelled with horseradish peroxidase (HRP) using standard procedures (Ishikawa et al., 165 1983 and[START_REF] Nilsson | A technique for preparing defined conjugates of 392 horseradish peroxidase and immunoglobulin[END_REF]. The purified conjugate contained 1.44 moles of enzyme per mole of 166 IgG and the antibody concentration was approximately 2mG/mL. To streptavidin coated plates (see 167 above) 100µL/well of a 100nG/mL biotin-rHA1 from A/California/06/09 in 1% (w/v) milk PBSTBx was 168 added and incubated at 37ºC for 1h. The plates were then washed four times in PBST. showed that all five clones secreted IgG1 antibodies (Table I).
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In Western blots, serum from the test bleed of the immunised mouse, used to generate the Mabs, 212 stained all the recombinant haemagglutinin proteins derived from H1N1 influenza strains, but not the 213 recombinant haemagglutinin form H5N1 and influenza B (Figure 1a). Mabs from clones 1F5 and 214 1G10 did not react with any of the proteins in Western blots, although the lack of staining observed for only weak staining with rHA1 from A/California/06/09 (Figure 1c). Mab 9E12 showed weak reaction 219 with rHA derived from A/California/06/09 only (Figure 1d).
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In a cell-ELISA, all five Mabs reacted with the recombinant virus with 

  quantitation of IgG in culture supernatants: Microtitre plates were coated with 100µL/well 121 of rabbit anti-mouse IgG (5µG/mL, Sigma, Dorset, UK) in 0.05M carbonate buffer, pH9.5 overnight at 122 2-8 ºC. The wells were washed and 100µL of dilutions of IgG (derived from clone 1F5) in 1% (w/v) 123 milk in PBSTBx was added to the wells in triplicate for construction of a standard curve.

  128 SDS PAGE and Western Blotting: Recombinant viral proteins were separated electrophoretically 129 under reducing conditions on a NuPAGE 10% Bis-Tris gel (Invitrogen Ltd, Paisley, UK) using MOPS 130 running buffer and the electrophoresed proteins transferred onto nitrocellulose membranes essentially 131 as described by Towbin et al., (1979) and detailed in the product literature from Invitrogen Ltd. The 132 membranes were then incubated with a 1/20 dilution of supernatants derived from each of the cloned 133 Mab producing cell lines in 1% (w/v) milk in PBST or with a 1/100 dilution of serum from the mouse 134 test bleed in the same buffer solution for 1h at room temperature (RT). The membranes were then 135 washed and incubated with a 1/20000 dilution of a rabbit anti-mouse IgG-alkaline phosphatase 136 conjugate (Stratech Scientific Ltd, Newmarket, UK). After washing, the bound Mabs were detected 137 with 5-bromo-4-chloro-3-indolyl phosphate and nitro-blue tetrazolium (NBT/BCIP) as substrate (Leary 138 et al., 1983). 139 Haemagglutination Inhibition (HAI): The ability of the Mabs to inhibit agglutination of 0.5% turkey red 140 blood cells (RBC) by two recombinant influenza A virus strains NIBRG-121 and NIBRG-122, derived 141 from A/California/07/09 and A/England/195/09 respectively and supplied by the National Institute for 142 Biological Standards and Controls (NIBSC), UK, was tested essentially as described earlier (Ellis and with recombinant virus NIBRG-121 at a multiplicity of infection of 0.05 particles per 148 cell and dispensed into wells of 96-well tissue culture plates using standard procedures (Rowe et al., 149 1999). One hundred microlitres of diluted Mab supernatants in 1% (w/v) milk PBSTBx were added to 150 the wells and incubated for 1h at RT. The wells were washed four times by gentle aspiration of the 151 antibody solution and washing with PBST. The wells were incubated with 100µL rabbit anti-mouse 152 IgG-alkaline phosphatase conjugate diluted 1/20000 in 1% (w/v) milk PBSTBx or with 100µL of rabbit 153 anti-mouse IgG-HRP conjugate diluted 1/4000 in the same buffer. The wells were washed four times 154 with PBST as before and further washed twice with water before immunostaining. The HRP 155 conjugates were revealed by the addition of 100µL of a soluble TMB substrate for the cell-ELISA and 156 stopping the reaction after colour development with 100µL 0.5M HCl and reading the optical density at phosphatase conjugates were revealed with the addition of 100µL/well of NBT/BCIP substrate, as 160 described for Western blotting above.
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  An equal volume of HRP conjugated 1F5 Mab (1F5-HRP) diluted 1/1000 was mixed with an equal hybridoma colonies: Fourteen days post fusion virtually all of the 960 wells from the 189 fusion plates had colonies of hybridoma growth and consequently, supernatant from all the wells were 190 screened by EIA. Three strategies were used for the screening procedure. Reactivity of the 191 hybridoma supernatant to rHA or rHA1 derived from H1N1 (A/California/06/09) coated directly on to 192 microtitre wells or to biotinylated rHA1 derived from H1N1 (A/California/06/09), immobilised using 193 streptavidin coated plate. The serum derived from the test bleed of the immunised mouse gave strong 194 EIA reactivity in all three assays. The five monoclonals taken forward all reacted with biotin-rHA1 195 coated wells. Only one of these Mabs reacted with rHA1 coated directly onto microtitre wells. The EIA 196 positive hybridoma cells were cloned by limiting dilution. 197 EIA for the estimation of IgG concentration culture supernatants: From a standard curve constructed 198 using purified mouse IgG1, the concentration of IgG in the culture supernatants used in the 199 characterisation of Mabs was estimated. The concentrations of antibody in the supernatant for Mabs 200 1F5, 9A4 and 7H4 were between 15-18µG/mL, and for supernatant 9E12, was much higher 201 (26.0µG/mL). The antibody concentration in the supernatant of Mab 1G10 was only 1.0µG/mL (see 202 Table I). 203 Characterisation of the monoclonal antibodies: Since all five clones reacted with biotinylated rHA1 204 subunit derived from A/California/06/09, we assessed their reactivity with biotinylated rHA 205 A/California/06/09 and with biotinylated rHA1 subunit derived from A/Brisbane/07/09 H1N1 and A/ 206 Solomon Islands/03/06 H1N1 in EIA using streptavidin to capture the biotinylated proteins. All five 207 clones were specific for rHA and rHA1 derived from A/California/06/09 and did not react in EIA with 208 the biotinylated recombinant proteins from A/Brisbane/07/09 or with A/Solomon Islands/03/06. Serum 209 from the test bleed reacted with all four biotinylated proteins. Isotyping of the Mab supernatants 210
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  the amino acid changes in the two haemagglutinins result in a significant change in the epitope 310 recognised by the 1F5 antibody. If there are significant changes in the IF5-epitope in other 2009/10 311 virus isolates, then Mab IF5 could prove useful for tracking antigenic drift in the pandemic influenza 312 A/H1N1 2009 virus strains.313In the competitive EIA, inhibition of 1F5-HRP binding to the biotinylated rHA1 of A/California/06/09 314 would only be expected if competing antibodies either compete directly for the epitope recognised by 315 Mab 1F5 or if the competing antibodies bind to other epitopes on the rHA1 that are close enough to 316 interfere sterically with 1F5-HRP binding. Since Mab 1F5 inhibits haemagglutination of turkey RBC by 317 NIBRG-121, it would follow that any antibodies that inhibit 1F5-HRP in the competitive EIA as a result 318 of steric interference will inhibit haemagglutination. Although this proved to be the case for most of the 319 ferret antisera and post vaccination sera tested (Figures3a and 3b), the correlation between the HAI 320 titres and % inhibition observed in the competitive EIA was poor. This is not surprising, since HAI 321 measures a polyclonal antibody response directed towards a number of antigenic epitopes on the 322 haemagglutinin receptor binding site of the virus, whereas the competitive EIA only measures 323 antibodies in the competing serum that inhibit binding of a single epitope on haemagglutinin of the on the 1F5 epitope structure, inhibiting binding of 1F5-HRP to the biotinylated rHA1.335Our data on a limited number of subjects investigated in this work indicates that vaccination with 336 Celtura ® vaccine induces an immune response to the haemagglutinin and specifically to an epitope 337 shared by 1F5 antibody or to epitopes close to this site. It would be of interest to determine whether 338 individuals infected with the pandemic influenza A/ H1N1 2009 virus also mount a significant antibody 339 response to the 1F5-epitope or epitopes close to this site. If further studies show this to be the case 340 then the competitive EIA described here could provide a potentially useful and specific sero-341 epidemiological tool for studying exposure to infection with the pandemic virus as well as to determine 342 efficacy of vaccination. The competitive EIA has the added benefit that it is simple, safe and not as 343 work-intensive as the haemagglutination inhibition and microneutralisation assays.
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 12 Figure 1. Western blot analysis of test bleed and monoclonal anti-HA1 antibodies. 418 Recombinant HA proteins derived from influenza strains were analysed using SDS-PAGE 419 under reducing conditions, transferred to nitrocellulose and immunostained with (A) serum 420 from test bleed and Mabs (B) 7H4 (C) 9A4 and (D) 9E12. Lanes 1 and 12: SeeBlue® Plus2 421 molecular weight standard, Lane 2 and 13: SeeBlue® molecular weight standard, Lane 3: 422 HA (A/New Caledonia/20/99 H1N1), Lane 4: HA (A/California/06/09 H1N1), Lane 5: HA1 423 (A/California/06/09 H1N1), Lane 6: HA (A/Solomon Islands/3/06 H1N1), Lane 7: HA 424 (A/Brisbane/59/07 H1N1), Lane 8: HA (A/Vietnam/1203/04 H5N1), Lane 9: HA1 425 (A/Vietnam/1203/04 H5N1), Lane 10: HA (B/Malaysia/2506/04), Lane 11: Blank. 426

Figure 3a :

 3a Figure 3a: Inhibition by ferret antisera of Mab 1F5-HRP binding in a competitive EIA. The 432 antisera to the influenza A strains are identified on the abscissa and the % inhibition of 1F5-433 HRP binding for each of these is shown on the ordinate. The numbers shown above the bars 434 in the graph are the corresponding HAI titres obtained for each antiserum with NIBRG-121. 435

  

  

  

  

  

  

  

  

  An operational consequence of the emergence of the pandemic influenza A / H1N1 2009 was that the 269 pathogen and specimens from suspected cases needed to be handled at a higher biological 270 containment level than for seasonal influenza viruses. This restricted the propagation of virus in cell 271 culture to laboratories with high containment facilities and further restricted availability of the virus or 272 viral proteins for developing serological reagents. However, within three months of the first cases of 273 the pandemic influenza A / H1N1 2009 virus being reported in Mexico and the USA, rHA proteins 274 derived from the pandemic strain in purified form became available commercially. This prompted us to 275 generate monoclonal antibodies to rHA in order to provide additional serological research tools for 276 studying the pandemic influenza A / H1N1 2009 virus strains.
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	268	DISCUSSION
	221	differing intensities
	301	and A/New Caledonia/2/99. This is not surprising since there is ~70% amino acid sequence homology
	222	(See Table 1). Mab 1F5 and 9A4 gave the highest OD signals using TMB substrate. Diffuse
	302	between the HA1 of A/California/06/09 and seasonal influenza A/ H1N1 (Ikonen et al., 2010).
	223	cytoplasmic/membrane staining of infected cell was observed with Mabs 1F5 and 9A4 (Figure 2a and
	224 303	2b) using both the insoluble substrates, NBT/BCIP substrate (with alkaline phosphatase conjugate)
	225 304 305 306	and TrueBlue TM (with HRP conjugate). This was different from the weak cytoplasmic/membrane F o r There are only three amino acid changes in the haemagglutinin between A/California/07/09 and F A/England/195/09 (L49I, P91S and I323V) and this was sufficient to result in an eight fold difference in o r HAI titres of 1F5 seen with the two recombinant viruses. Furthermore, in competitive EIA there was
	307	P P greater inhibition of 1F5-HRP binding by ferret antiserum to A/California/06/09 compared to
	230 231	e e In competitive EIA, only serum from the test bleed and the unconjugated tissue culture supernatant e r e r
	232	from clone 1F5 competed effectively with 1F5-HRP labelled antibody. A standard curve for the R R
	283	competitive EIA using purified, unconjugated 1F5 antibody revealed that the detection limit was e e
	284 285 286 287	v i e w success with using biotinylated rHA1 suspended from streptavidin coated plates for identifying reactive hybridomas suggested that conformational presentation of the rHA protein was important. It may be that the rHA1 and rHA undergo changes in conformation on binding to polystyrene wells, as v i e was shown for HA binding to polyvinyl by Yewdell (2010). Yewdell (2010) demonstrated recently that w
	288	some Mabs to discontinuous epitopes on influenza A HA can induce refolding of denatured proteins
	289	bound to polyvinyl plates over a two day incubation period. Thus it is possible that with extended
	290	incubation of the hybridoma supernatant during the screening process, more hybridoma clones
	291	reactive to conformational epitopes in rHA1 may have been identified.
	292	Four of the five Mabs to the pandemic H1N1 influenza A/California/ 06/09 generated in this study
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staining pattern observed with 9E12 (Figure

2c

). The weak staining of infected cells by 1G10 may be 226 the result of the low concentration of antibody in the culture supernatant used (Figure

2d

).

227

Only Mab 1F5 inhibited haemagglutination of turkey RBC by recombinant virus NIBRG-121 (derived 228 from A/California/07/09) and recombinant NIBRG-122 (derived from A/England/195/09). The HAI titre 229 of 1F5 with NIBRG-121 was eight fold higher than with NIBRG-122 (Table

1

).

277

Recombinant HA1 derived from A/California/06/09 H1N1 proved to be immunogenic, since serum 278 taken from the test bleed of the immunised mouse showed reactivity with rHA1 subunit and whole rHA 279 (derived from the A/California/06/09 strain) coated wells and with biotinylated rHA1 from the same 280 strain suspended from streptavidin coated wells in EIA. The majority of hybridomas screened did not 281 react with the recombinant proteins coated directly onto polystyrene wells. This may have occurred as 282 a result of failure in the fusion process to fuse splenocytes with specificity for the proteins. However, appeared to recognise different epitopes as demonstrated by the differing pattern of reactivity 293 observed in Western blots, staining of virus infected cells, HAI and in competitive EIA. The 294 concentration of IgG in the culture supernatant of Mab 1G10 was ten times lower than that found for A/England/195/09. Although the observed differences with the animal sera may be due to differing 308 responses to infection in individual ferrets, the combined HAI and competitive EIA data suggest that
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	Table I													
	Monoclonal Antibody		Reactivity in EIA (OD 450/620nm)		HAI titre	Mab reactivity with MDCK cells	Reactivity in
										infected with NIBRG-121 virus in:	Western blot
	Clone	Isotype	Conc.	Biotin-rHA1 subunit	Biotin-Whole rHA	Biotin rHA1 subunit	Biotin rHA1	NIBRG	NIBRG	Cell-ELISA	NBT-BCIP	True-	Whole	Subunit
	Designation		µG/mL	A/California/06/09	A/California/06/09	A/Solomon Is./03/06	A/Brisbane/59/07 subunit	121	122	OD 450/620nm HRP:TMB		Blue	rHA	rHA1
	1F5	IgG1	16.1	0.555	0.357	0.017	0.018	128	16	1.018	+++	+++	-	-
	1G10	IgG1	1.0	0.056	0.050	0.011	0.013	<8	<8	0.177	+/-	+	-	-
	7H4	IgG1	17.7	0.248	0.098	0.014	0.018	<8	<8	0.095	-	-	+++	+++
	9A4	IgG1	15.2	1.138	0.569	0.013	0.016	<8	<8	0.718	+++	+++	+++	+/-
	9E12	IgG1	26.0	0.597	0.108	0.009	0.011	<8	<8	0.170	+/-	+	-	+

Co. Ltd, Poole, UK) in 1% (w/v) milk in PBSTBx and incubated for 30min at 37ºC. The bound HRP

Zambon, 1997). Briefly, supernatants were diluted twofold in PBS, starting at a 1:8 dilution, and 4

Cell-ELISA and Immunostaining of virus infected MDCK cells: Madine-Darby canine kidney (MDCK)

450/620nm. For localisation of Mab staining, the HRP conjugates were visualised after addition of

100µL of a precipitating substrate, TrueBlue™, (KPL, Gaithersburg, MD, USA) and the alkaline

volume of competing antibody. The competing antibodies were undiluted Mab supernatants, or 1/5

dilutions of ferret antisera to influenza A virus strains (see Figure3afor strains) and serum samples

antigen preparation of the reassortant NYMC X-179A virus) in 1% (w/v) milk PBSTBx. One hundred

microlitres per well of this was then added in duplicate to streptavidin-biotin-rHA1 wells for 1h at 37ºC.

1G10 may be explained by its low antibody concentration in culture supernatants. Mab 7H4 gave

recombinant protein (Figure1b). Mab 9A4 gave intense reaction with rHA from A/California/06/09, but

75nG/mL. Partial inhibition of 1F5-HRP binding in EIA was observed with tissue culture supernatants

were specific for the pandemic influenza A/ H1N1 2009 strain and did not cross-react with pre-2009

seasonal H1N1 strains. Unlike the Mabs used in this work, which proved to be specific for

A/California/06/09 in EIA and Western blots, the polyclonal serum from the test bleed mouse showed

cross-reactions with the HA1 of influenza A/Brisbane/59/07 and influenza A/Solomon Islands/03/06

epitope on the virus, albeit represented multiple times on the virion. Ferret antisera and immune
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An alternative explanation for the poor correlation between HAI and the competitive EIA may be that 329 antibodies which do not inhibit HAI may nevertheless bind to distal sites on the biotinylated rHA1 and