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Nanoparticle synthesis:
Nanoparticles comes under the range of 1 – 100 nm. They can be synthesized
with the help of various methods like chemical vapour deposition, milling, 
solgel method and self-assembly (bottom-up approach). 

Characterization methods: 
Synthesized nanomaterials should be characterized in terms of their structure, 
size and shape. These factors determine their mode of action. 

In order to characterize nanoparticles various techniques like scanning electron
microscopy (SEM), Transmission electron microscopy (TEM), atomic force 
microscopy (AFM), X-ray diffraction studies etc. are performed. 

These characterization techniques give the assurance of the optimized functions
of nanomaterials in the particular application. 

MATERIALS AND METHODS
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Immunization Protocol

Intranasal 
vs S.c
rProtein Challenge

Week 0 4 8 12

Respiratory
mucosa

Spleen ELISpot

N3 cat. lipid emulsion 40 nm
AuGNP 10nm and 40 nm

Saline/PBS
1,5 µg

A/H1N1 HA 
SARSCoV-2 S1
M2e peptide

1,5 µg

1,5 µg

BALB/C & C57BL/6 (M/F 50/50)

FACS and Elispot read out following clinical
immunization schedule

Intranasal 
vs S.c
rProtein

Biojector administration S.c.



Group Vaccine (3ug/ml) Adjuvant Mouse N Virus nasal drop
(pfu; 0.05 ml)

1 Influenza H1N1 rHA/SARS-CoV-2 
S1 (1,5+1,5ug) INA - BALB/C 8 and 6 105 i.n.a. 

2 Influenza H1N1 rHA/SARS-CoV-2 
S1 (1,5+1,5ug) INA 40nm, AuGNP, 4 ug i.n.a. 1*6 ul BALB/6 8 and 6 105 i..n.a.

3
Influenza H1N1 rHA/SARS-CoV-2 

S1 (1,5+1,5ug) INA 10 nm, AuGNP 4 ug i.n.a. 1*6 ul BALB/C 8 and 6 105 i.n.a.

4
AuGNP 10nm/40nm (10ug) INA, 

2*20 ul 10-40nm, AuGNP, 4 ug i.n.a. 2*6 ul BALB/C 6 and 4 105 i.n.a.

5
Influenza H1N1 rHA/SARS-CoV-2 

S1 (1,5+1,5ug) INA, 2*6 ul
Naive

Lipid emulsion N3 1,5% (cationic) BALB/C 8 and 6 -

6
Influenza H1N1 rHA/SARS-CoV-2 

S1 (1,5+1,5ug) S.c 40nm, AuGNP, 4 ug S.c. 1*100 ul Balb/c 8 and 6 105 i.n.a.

7
Influenza H1N1 rHA/SARS-CoV-2 

S1 (1,5+1,5ug) S.c 10nm, AuGNP, 4 ug S.c. 1*100 ul Balb/c 8 and 6 105 i.n.a.

8 Influenza H1N1 rHA/SARS-CoV-2 
S1 (1,5+1,5ug) S.c 10nm, AuGNP, 0,6 ug S.c. 1*100 ul Balb/c 8 and 6 105 i.n.a.

9 Naive (ug) S.c PBS S.c. 100 ul Balb/c 6 and 4 105 i.n.a.

- -

Immunization schedule: Prime day 0; bleed day 21; boost day 28; Harvest spleens and final bleed day 56. Challenge day 60 (of parallell groups with 6 mice/group.
Plasmid components

Influenza A/rHA and SARS-CoV-2/S1 mouse safety and immunogenicity study plan
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Mucosal respiratory tract IgA

Vaccine and adjuvant stability
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Neutralizing antibodies

Vaccine & Adjuvant stability:
Serum neutralizing titers
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Conclusions:

°.  Intranasal administration of AuGNP at sized 40 and 10 nm induce stronger serum IgG titers than S.c
administered AuGNP:s

°.  Intranasal and S.c administration of AuGNP at sized 40 and 10 nm induce good virus-neutralizing titers.

°.  Intranasal and S.c administration of AuGNP at sized 40 and 10 nm induce full protective immunity against
Influenza A virus challenge.

AuGNP influenza rHA/Sars CoV-2 S1-spike vaccine candidates show storage/immunogenicity stability of at 
least 6 months at room temp.



Ongoing research
Cell-mediated influenza A and SARS-CoV-2 specific immunity analyses ongoing.

Cross-neutralizing antibody breath, in serum and mucosal tissues? 

Longevity of induced vaccine-specific immunity at different ages.

Heterologous prime-booster immunization protocols evaluated.

Freeze-drying and powder-lyophilization?

Extensive safety-analyses/Tox studies.



Materials and methods:
Gold(III) chloride solution (484385-10G), 
trisodium citrate dihydrate (W302600-1KG-K) 
were purchased from Sigma Aldrich (MO, USA

GNPs with a diameter of 2-10nm, 20nm, 30nm, 40-55nm were 
chemically synthesized by Turkevich39 and Frens40
method with required modifications41. The mechanism 
behind this method is that gold (III) chloride solution 
(HAuCl4) is reduced into monovalent gold by reducing 
agent trisodium citrate dihydrate (Na3C6H5O7 • 2H2O).

M2e peptide number M2e peptide sequence

Peptide 1 (Human consensus) SLLTEVETPIRNEWGCRCNDSSD

Peptide 2 SLLTEVETPIRNEWGSRSNDSSDC20

Peptide 3 SLLTEVETPIRNEWGSRSNDSSDCG

Peptide 4 SLLTEVETPIRNEWGGRGNDSSDCG

Synthetic influenza A M2-peptides:

rS1 spike protein SARS CoV-2 and rHA/H1N1
Influenza A virus purshased from SinoBiologicals,
Germany.

Viral antigens used

ELISA, binding anti-viral IgG in serum
ELISA, binding anti-viral IgA in respiratory mucosa

Virus-neutralizing, anti-viral IgG in serum
Virus-neutralizing anti-viral IgA in respiratory mucosa
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