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Abstract:

The unfortunate advent of the SARS-CoV-2 pandemic has given a new push to the development and
use of a next-generation of vaccines. Among them, mRNA-based vaccines consist of injectable
solutions of mRNA encoding for a recombinant spike, which is distinguishable from the wild-type
protein by the presence of specific amino acid variations introduced to maintain the protein in a
prefusion state. Here, we present a proteomic approach to reveal the recombinant spike protein in
vaccinated subjects to detect its presence independently of antibody titer. This approach is of valuable
support to complement antibody level monitoring and represents the first proteomic detection of the
recombinant spike in the vaccinated individuals.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the coronavirus that causes the
respiratory illness COVID-19 (coronavirus disease 2019), the ongoing pandemic keeping the whole
world in check.

The RNA genome of SARS-CoV-2 consists of approximately 30,000 nucleotides and contains 11
major coding genes. From the structural point of view, SARS-CoV-2 is characterized by a great
number of the glycosylated spike (S) proteins covering its surface, which facilitate binding to the
angiotensin-converting enzyme 2 (ACE2) receptor of the host cell, mediating viral cell entry [1]. The
S protein of SARS-CoV-2 is highly conserved among all human coronaviruses (HCoV) and is
involved in receptor recognition, viral attachment, and entry into the host cells. For this reason, it



represents one of the most important targets for the development of COVID-19 vaccines and
therapeutic approaches. Among the COVID-19 vaccines developed and tested, vaccines that have
demonstrated the most promising results in preventing COVID-19 infection are a novel class of
vaccine products composed of messenger ribonucleic acid (mRNA) filaments encapsulated in lipid
nanoparticles (LNPs). Two of them received "emergency use authorization" (from the FDA) and
"conditional approval" from the EMA.

Both of them consist of a recombinant mRNA to be inoculated as a vaccine, encoding for a
recombinant SARS-CoV-2 spike protein. Although the mRNAs are different, they both encode for
the same recombinant spike protein (here called PP-spike) that differs from the natural one (wt-spike)
for a double amino acid variation at position 986 and 987 (K986P and V987P, i.e., the amino acids
lysine and valine both replaced by two proline amino acids) [2,3], in order to stabilize the spike
conformation into an inactive prefusion state.

The introduced double amino acid variation abolishes a tryptic digestion site. Consequently, it is
possible to discriminate, through tryptic digestion [4], followed by mass spectrometry analysis [5-8],
the synthetic spike proteins originated from the translation of the mRNA vaccines from the natural
spike circulating in the biological fluids.

Here we present a methodological approach that can specifically detect PP-spike's presence in the
biological fluids of the human and animal organisms, such as blood, urine, saliva, and
bronchoalveolar lavage fluids.

Materials and Methods

In accordance with applicable territorial regulations, human biological samples were collected with
the express, free, and informed consent for collection and use. Candidates had not previously had
COVID-19 and were negative for molecular testing by nasopharyngeal swab.

Rationale: Trypsin [4] is an enzyme belonging to the class of hydrolases capable of reducing proteins
to smaller polypeptides by proteolytic cuts with specificity for arginine (R) and lysine (K). Therefore,
the synthetic spike protein and the natural spike protein can be discriminated against as they produce
different tryptic digestion products:

- the PP-spike encoded by mRNA vaccines, when digested by trypsin, produces an LDPPEAEVQIDR
fragment (PP-spike marker).

- SAR-CoV-2 wild-type protein, when digested by trypsin, produces two smaller fragments, namely
LDK + VEAEVQIDR.

More than 6,600,000 SARS-CoV-2 genomes have been sequenced, and it appears that none of them
have any of the K986P and V987P mutations, including the Omicron variant [9].

Buffers used: Double distilled water (VWR); Ammonium bicarbonate (NH4HCO3) (Sigma Aldrich).
Reagents: Trypsin from Promega.

Reagent Preparation: Trypsin solution 25 ng/uL.

Preparation procedure: Resuspend, in a vial, 20 pg of solid trypsin in 800 pL of 50 mM NH4HCO3
solution. Vortex the vial until the trypsin is completely dissolved.

Enzymatic Digestion: The blood drop enzymatic digestion procedure is performed under a fume hood
in the rationale of minimizing operator exposure to any form of chemical biohazard. The following
method was used for each blood sample. Place 2 puL of capillary blood in a labeled Eppendorf; Add
40 pL of modified trypsin (Promega, Italy) solubilized into an NH4HCO3 50 mmoL solution on the
blood sample; Vortex for 30 seconds; Test the pH, which must be between 7-8; Transfer the
Eppendorf into the thermoblock; Incubate for two days at 37°C; Add 40 uL of NH4HCO3 50 mmoL.
Collect 40 pL of the supernatant obtained after centrifugation at 13000 G for 10 minutes and transfer
it to an Eppendorf. Add 2 pL of pure formic acid and transfer the solution to an injection vial; The




vial is inserted into the autosampler coupled to the mass spectrometer, and 15 pL are injected into the
chromatographic column.

LC-SACI-MS Instrumentation: Analysis was performed using a Surveyor MS HPLC (Thermofisher,
USA). The column used was a Kinetex 50 x 4.6 mm 2.6 um. Analysis was performed using a two-
phase gradient: Phase A (H20+0.2 % Formic Acid (HCOOH)) and Phase C (CH3CN) (tablel). The
chromatographic gradient used is shown in Table 1. The volume of the sample injected is 5 pL. The
ionization source used is a SACI-ESI. A surface potential of 0 V, a nebulizer gas pressure of 75 Psi,
and a dry gas parameter flow of 1.0 L/min were used. The dry gas temperature is at 320 °C [5-8].

Results

The specific PP-spike fragment was found in 50% of the biological samples tested (figure 1 and Table
2). This presence is independent of the IgG SARS-CoV-2 antibody titer. Antibody titers had a
geometric mean of 629.86 BAU/ml (table 3). The minimum time of presence PP-spike found was 69
days after vaccination, the maximum time 187 days. All controls, samples from unvaccinated
individuals, were negative.

Discussion and conclusions

Some studies [10] have observed the presence of the vaccinal spike protein immediately after
injection.

Using mass spectrometry examination of biological samples, we detect the presence of specific
fragments of recombinant spike protein in about 50% of individuals vaccinated with mRNA-based
vaccines. In some cases, we found the rec-spike marker in individuals vaccinated after more than 30
days to indicate that it is possible to detect vaccinal "spike" protein even at a certain distance from
the vaccination and in any organic tissue (data in preparation). This finding opens new scenarios for
monitoring the presence and half-life of vaccinal spike protein in vaccinated individuals.
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Figure and table 1 Captions

Figure 1: Panel A: shows the m/z (molecular ion) ratio of the SEQ ID NO:1 detention. It shows an
example of a spectrum of the peptide zone marked by the failure to enzymatically cut the "PP" amino
acids, of the "Spike" protein, induced by mRNA vaccines. Panels B, C, D, E: extraction mass
chromatograms of the (B) vaccinated subjects and (D) control samples obtained by fragmenting the
[M+3H]3+ion at m/z 461 and monitoring the singly-charged signal at m/z 851. The tandem mass
spectra achieved analyzing (C) vaccinated subject and (E) control one are also reported. 5 microliters
of sample digested sample were injected and the eluent flow rate was 250 microliter/min.

Table 1: Gradient elution chromatography conditions. The % of C (CH3CN) eluent phase is reported
together with the eluent flow rate at different gradient elution times.

Table 1
Time (min) % C Flow (mL/min)
0 2% 0.250
2.5 2% 0.250
3 80 % 0.250
7 80 % 0.250
8 2% 0.250




Table 2

Subjects ID Sample Sequences RT (min) Area (counts/s)
Positive per double
aminoacids “PP” of
mRNA spike
vaccines
1 Blood 11.93 6.0E+3
4 Blood 11.93 6.1E+2
6 Blood 11.93 9.9E+2
2 Blood - -
3 Blood - -
5 Blood - -
7 Blood - -
8 Blood - -
9 Blood 11.92 3.4E+2
10 Blood 11.94 3.1E+2
from 11 to 20 Blood - -
negative controls
Table 3
SARS-CoV-| Date of
Date of 2nd 2 1gG proteomic [Presence of| Days of
Code |[Type of vaccine dose BAU/mL exam Spike PP | presence
V01 mRNA 01/09/2021 1015 08/05/2021 YES 188
V02 mRNA 01/24/2021 527 08/05/2021 -—--
V03 mRNA 01/23/2021 101 08/05/2021 | -----
V 04 mRNA 01/29/2021 930 08/05/2021 YES 187
mRNA 02/02/2021
V 05 1517 08/05/2021 | -----
V 06 mRNA 02/04/2021 1400 08/05/2021 YES 177
mRNA
V07 03/04/2021 1104 08/05/2021 | -----
mRNA
V08 03/30/2021 842 08/05/2021 -—--
mRNA
V09 04/21/2021 463 08/05/2021 YES 99
mRNA
V10 05/21/2021 214 08/05/2021 YES 69
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