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SEQID NO.: 11, SEQID NO.: 12, SEQID NO.: 13, SEQID NO.: 14, SEQID
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The main objective of the current invention is to provide monoclonal antibodies able

to recognize and to bind to PBP2a protein (SEQ ID NO.:1) and other proteins
presenting sequences homologous to PBP2a, including the pathogens methicillin-
resistant  Staphylococcus aureus - MRSA, coagulase-negative Staphylococcus,
Staphylococcus sciuri, Enterococcus spp., and any other bacterium possessing PBP2a or
sequences homologous to this protein.

Another invention objective is the use of monoclonal antibodies able to recognize and
bind to the PBP2a protein and other proteins presenting sequences homologous to
PBP2a in a complementary immunodiagnosis for detection of resistance to beta-
lactams,

The monoclonal antibodies of the current invention are represented by sequences
SEQ ID NO.: 6, SEQ ID NO.: 7, SEQ ID NO.: 8, SEQ ID NO.: 9, SEQ ID NO.: 10,
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anti body and a nore efficient recovery of patients with severe status with
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5. Enzynme i nmunoassay - ELI SA: Maxi sorb 98-wel |l plastic plates were
sensitized with 500 nanograns/well of reconbining protein (PBP2a fragnent)
i n carbonate/ bi carbonate buffer and incubated at 4C for the whole night.
In the follow ng day, the plates were washed three tinmes with PBS
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The determ nation of |ethal dose and LD50 were performed according to the
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other proteins presenting sequences homologous to PBP2a protein and using the
transpeptidase fragment that includes the enzyme active core.

The invention will be now described with reference to examples, which must not be
considered as limiting. '




11.3. Anplification of VIl and VL chains by pol ynerase chain reaction
(PCR) The reactions were perforned using the starter sequences (priners)
bel ow. SEQ I D NO. Sequence Use FOR HEAVY CHAIN 18 5" ATG GA)
A(CO)TT(EO) (TG GCH TO T(AC A(AQ CT(GI) G(GA) TT 3' VH Anplification 19 5
ATG GA) AATE GC) A(GC) CTGGT(CT) (TA) T(TO CTCT 3' VH Anplification 20 5
GATGTGAAECT%R?AEBGAGTC 3" VH Amplification 21 5 CAGGTGCAGCTGAAGGAGTIC 3' VH
Anpl i fi caf"yhe

MATERIALS AND METHODS:
1. Bacteria:

The following methicillin-resistant Staphylococcus aureus strains were used: Iberian-
MRSA, COL-MRSA (ceded by Unité des Agents Antimicrobiens - Institut Pasteur
[Unit of Antimicrobial Agents - Pasteur Institute|, Dr. Patrice Courvalin), WB79 CA-
MRSA, and CEB-MRSA (ceded by Dr. Agnes Figueiredo, Instituto de Microbiologia
[Microbiology Institute] of UFRJ); a vancomycin-resistant Enterococcus faecalis strain;
and a methicillin-sensitive Staphylococcus aureus (MSSA) strain. Escherichia coli
strains BL.21 DE3 (Novagen) and TOP10 (Invitrogen) were also used as control.

2. Animals;

Female Balb/C mice, 4 to 8 weeks old, obtained from CECAL-FIOCRUZ and housed
at LAEAN-BioManguinhos were used in the immunization and in vivo protection
assays.

3. Immunization:

The mice (4 animals) received an initial dose of 100 micrograms of pCI-Neo plasmid:
fragment of MRSA mecA gene (18), followed by a 10-microgram dose of purified
recombining protein 14 days later, corresponding to an internal region of the MRSA
PBP2a (21), emulsified in complete Freund adjuvant, followed by other dose 14 days
later, emulsified in incomplete Freund adjuvant. Fourteen days later, the animal with
best immune response (evaluated by enzyme immunoassay - ELISA) received an
intravenous dose of 10 micrograms of purified protein diluted in PBS (phosphate
buffered saline). Three days after the IV injection, the animal was subjected to
euthanasia by asphyxia in CO; (CEUA L0009-07 Protocol - FIOCRUZ), and the
spleen was aseptically removed for cell fusion. The serum of the animal with best
immune response was used as positive control for other immunological tests.

4. Production of monoclonal antibodies:

Lymphocytes removed from spleen were subjected to fusion with SP2/0-Agl4
myeloma cells (ATCC 1581), using polyethylene glycol for fusion, and were cultured in
hypoxanthine-aminopterin-thymidine medium at 37°C in atmosphere of 10% CO,,
according to the protocol for producing monoclonal antibodies in Current Protocols in
Immunology (22). The resulting hybridomas were evaluated by ELISA test after 14
days, using the purified recombining protein as antigen, according to what is described
below. The best hybridomas were subjected to cloning, with selection of the best clones
by ELISA and these latter being stored in liquid nitrogen.

5. Enzyme immunoassay - ELISA:



22 5

CAGGTGCAGCTGAAGCAGTIC 3" VH Anplification 23 5

CAGGT TACTCTGAAAGAGTC

3" VH Amplification 24 5 GAGGTCCAGCTGCAACAATCT 3' VH Anplification 25 5

GAGGTCCAGCTGCAGCAGTIC 3" VH Anplification 26 5 CAGGICCAACTGCAGCAGCCT 3

Anplification 27 5" GAGGTGAAGCCTGGTGGAGIC 3' VH Amplification 28 5
GATGTGAACTTGGAAGTGIC 3’

Maxisorb 98-well plastic plates were sensitized with 500 nanograms/well of
recombining protein (PBP2a fragment) in carbonate/bicarbonate buffer and incubated at
4°C for the whole night. In the following day, the plates were washed three times with
PBS containing 0.05% of Tween 20 and blocked in PBS and 5% skimmed milk for two
hours at 37°C. The samples to be analyzed (serum of immunized animals diluted at
1:100 or cell culture supernatants) and incubated for 2 hours at 37°C were used. The
plate was washed three times with PBS and Tween 20 (0.05%) again, and the anti-Ig
conjugate (anti-mouse HRP Ig SIGMA A 0412) was added at 1:5000 dilution, followed
by incubation at 37°C for 90 minutes. After this period, the plate was washed three
times with PBS and Tween 20 (0.05%), with addition of TMB peroxidase color
developer (BioRad) and incubation for 15 minutes protected from light. The reaction
was interrupted by addition of 0.5 N H,SOq, and the reading was performed at 450 nm.
A 1:200 diluted hyperimmune polyclonal serum was used as positive control.

S5.1. Avidity assays based on enzyme immunoassay
5.1.1. Avidity assay with urea (Niederhouser ef al. - 5.1):

‘The protocol is similar to the immunoassay one (5), with the following modifications:
after the sample incubation (100 ng of clone 10 purified monoclonal antibody and 2.0
ng of clone 38 purified monoclonal antibody) for two hours at 37°C, the samples were
subjected to three washings with 8 M urea in PBS and Tween 20 (0.05%), followed by
four washings in PBS and Tween 20 (0.05%), presenting the same normally processed
sample (without treatment with urea) as control. After the reading of sample optical
densities, the avidity rate was calculated by the ratio of the reading with urea divided by
the reading without urea, multiplied by 100 (percentile result).

5.1.2. Avidity assay with ammonium thiocyanate (Goldblat ef al, - 5.2)

The protocol is similar to the immunoassay one (5), with the following modifications:
after the sample incubation (100 ng of clone 10 purified monoclonal antibody and 2.0
ng of clone 38 purified monoclonal antibody) for two hours at 37°C, the samples were
subjected to treatment with ammonium thiocyanate for 30 minutes at 37°C in the
following concentrations: 3 M; 1.5 M; 1.0 M; 0.75 M; 0.50 M; 0.25 M; and 0.125 M. A
sample non-treated with ammonium thiocyanate was used as control for each clone.

After the reading of sample optical densities, the avidity rate was calculated by the
following formula: AR (avidity rate) = [(log 50 - log A) x (B - A)log B - log A] + A,
where log 50 = 1.70. A is the lowest ammonium thiocyanate concentration that results
in an absorbance reduction lower than 50%, and B is the highest ammonium thiocyanate
concentration that results in an absorbance reduction higher than 50%.

6. Monoclonal antibody production and purification:

A sample of previously selected clones 10 and 38 was grown in a serumless medium
(GIBCO VP-SFM) with addition of 1% BSA in 100-mL vials in a stove with
atmosphere of 10% CO,. The supernatants were subjected to centrifugation, followed
by filtration in 0.22-micrometer filters and purified in high performance
chromatography (HPLC) with SelectSure protein A MAB resin (GE). The antibodies
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VH Amplification 29 (gamma 1) 5° TGGACAGCGGATCCAGAGITCCAGGTCACT 3' VH
Amplification FOR LIGHT CHAIN 30 5 GACATTGIGATGACCCAGICT 3' VL
Amplification 31 5° GATGITTTGATGACCCAAACT 3" VL Amplification 32 5
GATATTGTGATAACCCAG 3' VL Amnplification 33 5° GACATTGIGCTGACCCAATCT 3' VL
Anplification

were neufralized at pH 7.0 with 1 M Tris, pH 10.0, dialyzed against PBS 0.5x in
deionized water. The samples were subjected to lyophilization process, resuspended in
deionized water, quantified by the Lowry method, and evaluated by electrophoresis in
polyacrylamide gel.

7. Target recognition:
7.1. In vitro PBP2a recognition - immunoblotting:

A MRSA (CEB) strain, a methicillin-sensitive Staphylococcus aureus (MSSA) strain,
a vancomycin-resistant Enferococcus faecium strain, and the BL-21 DE3 Escherichia
coli strain were grown in exponential phase. One mL of each sample was centrifuged
and lysed by agitation in glass beads in a mini-Bead Beater device (Biospect Products),
3 times for 30 seconds. One aliquot of each sample was subjected to electrophoresis in
12% denaturing polyacrylamide gel (SDS-PAGE), and the proteins were later
transferred to a nylon membrane (Hybond N-BioRad). The membrane was blocked
under mild agitation for two hours in PBS buffer containing 10% skimmed milk and 1%
BSA (bovine serum albumin). The membrane was washed three times in PBS and
Tween 20 (0.05%) and three times in PBS. Then, the latter was placed in incubation for
two hours, with supernatant of anti-PBP2a monoclonal antibody diluted in PBS at 1:1
ratio. After the incubation, the membrane was washed as previously described, and the
alkaline phosphatase conjugate (murine anti-IgG antibody - Sigma A3688) at 1:15,000
ratio and incubated for ninety minutes. After this period, the washing in PBS was
performed again, and the development with Western Blue substrate for alkaline
phosphatase (Promega) was performed.

7.2. PBP2a recognition at the bacterium surface - flow cytometry:

A MRSA (CEB) strain was grown in stationary (ON) or exponential phase. The
samples were washed in PBS 1x and resuspended at a DOgy of 0.6 (~108 bacteria/mL).
These latter were centrifuged in 1 mL (108 bacteria) and resuspended in 0.5% BSA and
a 1:10 dilution of normal serum (murine/human). Then, the samples were incubated for
30 min at 4°C, and later, the concentrates (pellets) were washed 2 times in PBS and
resuspended in 100 microliters of PBS containing 0.5% BSA and a 1:10,000 dilution of
anti-PBP2a monoclonal antibody and incubated for 30 minutes at 4°C. After this step,
the samples were washed as previously again and resuspended in 100 microliters of
PBS and 0.5% BSA and a dilution (1:1000) of PE (phycoerythrin) mouse anti-Ig
conjugate, later being incubated at dark for 30 min at 4°C. Then, the samples were
washed again and fixated for 15 minutes at 4°C in PBS containing 2%
paraformaldehyde. After this preparation, the samples were analyzed in a flow
cytometer (Becton and Dickinson - FACScalibur).

8. In vitro protection assays - determination of minimum inhibitory concentration:

MSRA strains (CEB, Iberian, COL, and CA) were grown in exponential phase up to
600 nm of optical density equal to 0.5. The applied inoculum was adjusted for
containing approximately 100,000 bacteria. Miiller Hinton broth, bacterial inoculum,
and growing amounts of purified anti-PBP2a monoclonal antibody were added to test
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34 5 GATATTGTGCTAACTCAGICT 3' VL Amplification 35 5'
GATATCCAGATGACACAGACT 3' VL Amnplification 36 5 GACATCCAGCTGACTCAGICT 3'
VL Anmplification 37 5 CAAATTGITCTCACCCAGICT 3' VL Anplification 38 5

" CAGCCTGITGTGACTCAGGAA 3" VL Anplification 39 (kappa 18) 5
TACAGTTGGTGCAGCATC 3' VL Anmplification

tubes or 24-cavity plates. The plates or tubes were subjected to incubation at 37°C for
12 hours. After this period, presence or absence of turbidity was observed in the
samples. The minimum inhibitory concentration was considered as the lower antibody
amount able to inhibit the bacterial inoculum growth (100,000 bacteria).

9. In vivo protection assays:
9.1. Determination of lethal dose and L.Dsy for MRSA strains.

The determination of lethal dose and LDsy were performed according to the Reed-
Muench method (23) for MRSA strains (CEB, Iberian, WB79 CA, and COL). Groups
of 8-week female Balb/C mice were inoculated by intraperitoneal route with growing
bacteria doses and observed for 7 days. The animals that survived after this period were
subjected to euthanasia, according to the established animal welfare rules.

9.2. Systemic infection and bacterial renal quantification assays.

MRSA strains (CEB, Iberian, and WB79 CA) were grown in exponential phase
(DOggo ~0.6), washed and resuspended in sterile PBS 1x at DOggy ~0.5, corresponding
to approximately 2 x 10® bacteria. This concentration was calculated by dilution and
seeding on BHI agar plates containing 10 micrograms of oxacillin/ml.. Female 8-week
Balb/C mice received one intraperitoneal dose of 400 micrograms of purified anti-
PBP2a monoclonal antibody in the first day. In the sixth day, the animals were
subjected to euthanasia and the kidneys were aseptically removed. Then, the kidneys
were homogenized in 1 mL of sterile Luria broth and successively diluted in series of
10. One hundred microliters of each dilution were seeded on BHI agar plates containing
10 micrograms/mL of oxacillin and incubated for 24 hours at 37°C, with a count of
resulting colonies and calculations of total dilutions being performed.

9.3. Survival assay.

MRSA strains were grown in the same previously described conditions, but an
inoculum adjustment was performed for the previously established LDsg. Female 8-
week Balb/C mice received one intraperitoneal dose of 500 micrograms of purified anti-
PBP2a monoclonal antibody in the first day. In the following day, these ammals plus a
control group were infected with one dose of about 2.5 to 6.0 x 10® bacteria by
intraperitoneal route, according to the LDs; of each strain. The animals were observed
for 10 days, with the survivors being subjected to euthanasia.

10. Comparative in vivo protection study of anti-PBP2a monoclonal antibody and
vancomycin - renal guantification:

Assay 1

Four groups of female 8-week Balb/C mice (4 animals per group) received an
infective dose of 6.0 x 107 bacteria (CEB-MRSA) by intraperitoneal route. The animals
received doses of purified monoclonal antibody (MAB), vancomycin, MAB +
vancomycin, and negative control, according to the groups below:
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11. 4. Sequencing of |ight and heavy chains of anti-PBP2a nonocl onal

anti body Sequencing Steps: |. Amplification This was perfornmed using

the previous starter sequences, defined by SEWID NO.: 18 to SEQ ID NO :

39. H Sequencing The device ABlI Prism 3100, Cenetic Analyser (Hitachi)

was used. 11. 5 Sequence anal ysis and identification of |ight and heavy

chain CDR ned DNA§t® etra e)s were analyzed with the aid of DNA
Py

St ar progﬁﬁﬂg ‘g%ﬁ ami no_ aci d sequences (ExPASy site -
Trans! at mwefﬂ( @craﬁmsm fagysquls spuls 1 % hoyr Chotia's (25)
al gorit h&@up érvwemwmﬁcmfﬁ Séimicragramand dpeafiey Ué:fﬁ%f-iqiil)CDRs 12.

Det er m n@Bp#A: efnteessoci ati on and di ssoci ati on constants for nonocl onal
ant i bodi esI'lecfizhdssebOofamdibd8y ydswantampcipl warrmdmidstored né do{uSPRier [tB acor e]
met hod) SRRniveagon efreit Sifaveve dpsy. fThereéineis iwvige suljddtal seagbinakia ia the

Bi acor e(Buakodgy, ABid URPSkildAcysSHREE Msefteddl &%2 renfivedli o rs@%e@tea StoaRchaHBS- EP

buf fers (ﬁLﬂﬂ@ﬁ'ﬁMdﬁeQ@c@rdﬂg% \WMtN?agpreéo Itébedo 005% P20 [ Tween 0, pH
7.4]) were acqui red wt he corrpany Heal t hcare. Exanple 2 1.

Obt ai ne NG 9f murine anti-PBP2a nonocl onal anti bodi es: A group of

ani mal s was subj ected to the inmunization protocol according to what was
previ ousl yrdescrl bed. The resul t eval uated by ELISA test is described in
Figure 1. TMIARSSEY Veag depigumesh iny thscsame WF&@F&‘PP PFEVIRUNERS, . Wil ANpwet he
super nat Bfctive dosed.Ooal Pt basteriahywith thergaayp Ze hheng rsptpd adthpyPOpnicrranest . From
this totefi purified fmemochmel andibpii s gwepe? sbéing t teadtedn ovithh vanmeim ysinneg | )

ex pandedm(m:dagramm,gmtrafﬁluecm,lara@aten 12{1Rehawesuf tdosgy);sgrper Babang srewed evidnal yzed
by ELI SAvanBersitinve 568 mpicespravas &f wadricdhined aftybodpymanb ptoabt4 nginggainist t he
purifi ed(nbﬁ.(i&ﬁ{@ﬂlaﬁilﬁia]gr otein (PBP2a) for validating the results obtained
by ELISA. The final result is in Table I Figure 1 reveals the result

from therf, THUNARARS $m {rfeladi -)iet%;- &dign Ol PLA& mal s
L?Irufregd‘l%sil(e%‘lrlﬂggﬁﬁg [g%uantlg ?A S%ﬁ? n{g 1Q@rersngli g ggwhe 1:100

a
an'f‘%‘é%" %'?‘na r?gfl &¥>05| tive control serumis in

angul ar F| n First bar. of each dashing: pre-imune serum
second E&@rﬁ"éﬁ fondpomybridema elsi on: and third bar: serum after
fifth i munization. Table I. O oni ngs of fusion 90: final bal ance O oned

hybri domad\ T6tml osnibegate (padleBnelsa cell culture of monoclonal antibody-producing
hybridoma was processed for mRNA extraction using the RNeasy Minikit kit (Qiagen).

11.2. ¢DNA obtainment

Reverse transcriptase reaction: M-MLV reverse transcriptase kit (Invitrogen) was
used for obtaining complementary DNA, following the manufacturing guidelines.

11.3. Amplification of VH and VL chains by polymerase chain reaction (PCR)

The reactions were performed using the starter sequences (primers) below.

SEQ Sequence Use
ID NO.
FOR HEAVY CHAIN
18 5 ATG(GA) | VH
AGOTT(GCYTG)GG(TCYT(AC)A(AG)CT(GT)G(GA)TT | Amplification
3
19 5 VH
ATG(GA)AATG(GO)A(GC)CTGGT(CTYTA)T(TC)CTCT | Amplification
3
20 5" GATGTGAAGCTTCAGGAGTC 37 VH
Amplification
21 5" CAGGTGCAGCTGAAGGAGTC 3’ VH
Amplification

11



Positive clones (ELISA) Positive clones (inmunoblotting) Sel ected clones
77 70 2 1 (clone 38) 1 68 108 10 1 (clone 10) 1 79 91

22 5" CAGGTGCAGCTGAAGCAGTC 3° VH
Amplification

23 5" CAGGTTACTCTGAAAGAGTC 3’ VH
Amplification

24 5" GAGGTCCAGCTGCAACAATCT 37 VH
Amplification

25 5" GAGGTCCAGCTGCAGCAGTC 37 VH
Amplification

26 5" CAGGTCCAACTGCAGCAGCCT 37 VH
Amplification

27 5" GAGGTGAAGCTGGTGGAGTC 37 VH
Amplification

28 5" GATGTGAACTTGGAAGTGTC 3° VH
Amplification

29 5" TGGACAGGGATCCAGAGTTCCAGGTCACT 37 VH
(gamma Amplification

1)
FOR LIGHT CHAIN

30 5" GACATTGTGATGACCCAGTCT 37 VL
Amplification

31 5" GATGTTTTGATGACCCAAACT 37 VL
: Amplification

32 5" GATATTGTGATAACCCAG 3’ VL
Amplification

33 5" GACATTGTGCTGACCCAATCT 3° VL
Amplification

34 5" GATATTGTGCTAACTCAGTCT 3° VL
Amplification

35 5" GATATCCAGATGACACAGACT 3° VL
Amplification

36 5" GACATCCAGCTGACTCAGTCT 3° VL
Amplification

37 5" CAAATTGTTCTCACCCAGTCT 3’ VL
Amplification

38 5'CAGGCTGTTGTGACTCAGGAA 37 VL
Amplification

39 5" TACAGTTGGTGCAGCATC 3’ VL
(kappa Amplification

18)

11.4. Sequencing of light and heavy chains of anti-PBP2a monoclonal antibody
Sequencing Steps:

I. Amplification
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Zero - 17 101 Zero - - 70 48 2 Zero - 418 14 2 2 From t he sel ected
cl ones, clone 77-38 was subjected to reclon ng process for verifying the
cell stability for secreting nonoclonal antibodies. Fromthe 50 anal yzed

cavities, all presented positive result by ELISA test. These clone were
expanded and are stocked in liquid nitrogen at LATAM (Laboratory of

o1 oo W B AP SR b koo TR oPSERES 185 20

IL. Sequencing
The device ABI Prism 3100, Genetic Analyser (Hitachi) was used.
11.5. Sequence analysis and identification of light and heavy chain CDR

The obtained DNA sequences were analyzed with the aid of DNA Star program, and
were translated to amino acid sequences (ExPASy site - Translate program) for later
analysis by Kabat’s (24) and Chotia’s (25) algorithms for identification of light and
heavy chain CDRs.

12. Determination of association and dissociation constants for monoclonal
antibodies (clones 10 and 38 by surface plasmon resonance [SPR] [Biacore]
method)

SPR measurements were performed using a CM-5 sensor in a Biacore X® (Biacore
AB, Uppsala, Sweden) device. Binding reagents and HBS-EP buffers (10 mM hepes,
150 mM NaCl, 3 mM EDTA, 0.005% P20 [Tween 0, pH 7.4]) were acquired with the
company GE Healthcare.

Example 2
1. Obtainment of murine anti-PBP2a monoclonal antibodies;

A group of animals was subjected to the immunization protocol according to what
was previously described. The result evaluated by ELISA test is described in Figure 1.

After the fusion process (fusion of number 90-LATAM), the supernatant from 96
cavities (hybridomas) was analyzed by ELISA test. From this total, the five best
samples were selected and the cells were expanded (cloning). Then, again, the resulting
supernatants were analyzed by ELISA. Positive samples were validated by
immunoblotting against the purified recombinant protein (PBP2a) for validating the
results obtained by ELISA. The final result is in Table L

Figure 1 reveals the result from the immunoenzyme test (ELISA) of the sera of the
immunized animals for producing anti-PBP2a antibodies. Each dashing corresponds to
the 1:100 diluted serum of the immunized animals. Positive control serum is in angular
dashing [ TUL]. First bar of each dashing: pre-immune serum; second bar: serum after
fourth immunization; and third bar: serum after fifth immunization.

Table I. Clonings of fusion 90: final balance

Cloned Total number Positive Positive clones Selected
hybridomas of clones clones (immunoblotting) clones
(ELISA)
77 70 2 1 (clone 38) 1
68 108 10 1 (clone 10) 1
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The process was standardi zed according to what was previously descri bed.
The obtai ned output is approximately 4 mlligrans of nonocl onal antibody
for every 100 nL of supernatant subjected to the purification process. The
obtained results can be seen bel ow. In Figure 2, we can see a

pol yacryl am de gel with raw sanpl es and after purification. This Figure 2
shows th nof=denatiut N1 ot yagt yl afi-de g€ Wi 'S
before (fpolunf-1)—and after putiti gzrpnn (R) in HPLC collum with Mb
Sel ect Sure resin._ g €13 tola rnzfl"rﬁennn to ohtained puriffed sgnple
fractions. Th& arrow i ndf&ates |the approximate giere of 150 Icba. 3.
Functional charactgri zat4l8n of [nonoddonal ganti bodl es: 3.|1. In2vitrq PBP2a
recognition - inmunoblotting I'n order to investigate the capacity for

anti body rmegomd is818:iBY dbiRs! aldmet 77-88 tHgs eaﬁj@aaﬁmo (@&5’&% andesh Mok ar
Sequenceﬁmf ethk%HH%% 1R§rtf61”93c}' | ﬂi\%ﬁa R@% RHi[FBGieW ] ts%r [yBEEsenting
PBP2a ( OSlt?l ELIY A e 'Tﬂes%%ﬂﬁlletvlle\fg ex COCCUS

Z‘Breifiagﬂ‘géla Ui REimb R Byt SR yﬁew by oS

bet al act i bi oti cs (honpl ogous to PBP2a), and an Escherichia colt
strain (where the reconbinant protein was generated) as negative control.
The obt atfetpwibs pradnctinpyandpurifieasionrnfimennelonabantithadieso recogni ze a
protein with nol ecul ar wei ght of approximately 76 IcDa in MRSA and

Ent er ococcli® ppcest was nandardizeé spondinggtd evhhhevasipreviedsiPRERg2ibaddTRBPS,
respect i oigthivied Natpueacipprbtishaply theilngans |lofnrabnodlhalbatibodsorseery 16 h

pr ot ei nsmof ofnaiplafrfatdnlt IsTibje QB kd theCpitifidakivh QRAESUTHRWHRMSed RBIEA:HeBAt | Ve)
nei t her whRefgscherichia coIt stral n. The results can be seen in Figure 3

I( mmnggFl cﬁltl;'l g?fla Q?{t‘ ei w1th-|;5'\9 S %&Q(ﬁaﬂﬂ U lﬁﬁaa{()ght

192
cont ai n| an i fé?ﬁ 6“ (%B%%

nol ecul a ﬂ](un?'Pa &y) Sh“e
exponentﬁ alln Cﬂms-f’ P‘g‘#féﬁ%swl%ﬁfﬁéﬁ@ﬁt iThe astoN6e; 5. -
MBSA sanigfica ﬁ&W’ﬁPpFPXématﬁSt?ﬁa)f)Wﬂ)hQée (overnight); and 6 and 7. - MRSA
sanples grown in stationary phase. The left arrow i ndi cates PBP2a

nol ecul a3. Kuaictjohal characteRBRidbm ofanagridnabantboditse bact eri um surface - fl ow
cytometry The objective of the flow cytonetry test is to validate the

capaci t y3.1.0In $ifh PBP2agcoshifio®NindRubbBlol@sg eriumin its native formby the
nmonocl onal antibody. In previous tests (immunoblotting), we observed the

tar get fe(iﬁgﬂhéﬂ ANirREstat fleSipsUR) ﬁﬁtaﬂlbmy T AERALH R ANaREPGFR: VAT o
ggf%ir d%n( ﬁp@i%ﬁ Llﬂnﬁ?%g%# Qjétﬁé’l aggﬁ%e{jf' 2 begré%%ﬁ K};SSA
PBP2a- nﬁép rSnling (e Sl E05'M %%H‘il

station ESHS ey tgf%d(f}oésﬁﬁg tg £ h SRS Slis@mabl eto
recogni z ff’WéO%S dBt SN {Ivesepes BPPa); astfﬁ"lsﬁfﬂ%‘dﬁﬁ? Widh kvaiimityifenketaThe

pr esenc dagamppmiibigtics Ahemolggeyshipl BBBiuand ar Eadherighis avditstrabl Eviase ithehi bi t

t he ant iisoetpbibamidirelginvvahgdPBreeal) a¥hegattye aonieal. Tesobttised msultestoeethai n

Fi gure 4the antibagiyrveas/bihowscdghize mesoticinswioli ntoheeulit weighysfapptoximatlyVRSA ( CEB)
and MSSAIbadt BIRSA iand Ubadredocsiis bp.ashtalns PBRZapomigetoothal siansf beeha ard nar ked
Wi t h phyees, tedpetttvely?Ro reh@ivith)of thSSOnHAGAL bhtdody Ryak 2den WRSArddiRVWE | N
stati On%&’thﬂﬁ‘lﬁﬁ%endl{‘ve( Shph 57 QWD (PBPIRIRERLEPheifABAR &N ichia

popul at 'a@ﬁsﬁp{ﬁw rédufid 84K b&Rbdr! in p@ﬁ@mﬁml&e ERARIARSE by T ked

cells b % uorescent conj ugate. uatron o I'on conferred

by antl- 0 nal ant |tro tlontest
Det er mi nat hgnreg‘ﬁprﬁ?ntﬁ F%&lrér §?Stc8 sates rqeaumgt gl?says ai m
to eval URFETS R S diripd ‘?Eqaiﬁlﬁ ﬁi’i"h@ﬁg‘%f’f to the
target ih‘@@?%%d”%%w ePebnal anti bodi es with therapeutic
finality2 @&$A|Swph@§wgl¢méeféwl pkases signi ficance, as they mean that

t he ant idbaudl4.i-MBBAsample gowgm eeponbial pghaget and to bl ock the bacteri al
growt h vii.t- MSSA slvapleigiowd it hetidmast phasafovernsgis), emd such as conpl enent

act i vat i @andnd- OIEONisakbico R haBktomry bassd) Tho B LW ilBc@nRpI|Rd action
wi th thepbRpakewape. adaptative i mune system of the host. CEB, COL, and

| berian MRSA strains were evaluated, where simlar MC val ues

(approxi mately 500 mcrograns) were séen in the eval uated conditions.
These data indicate that regardl ess of the genetic background of the
different MRSA strains, the antibody doses needed for bl ocking the growh
are not the sane. These results can be seen in Figure 5. Figure 5 shows
the test of the in vitro protectlon (MC - mn| meInhI b|tory
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4A and 6A: negative controls of CEB MRSA strain. 1B: COL MRSA + 250 jig of
anti body; 2B: COL MRSA + 500 ug of antibody; 3B: COL MRSA + 750 jig of
anti body; 4B and 6B: negative controls of COL MRSA strain. 1C. |berian
MRSA ( Eur opean epidem c clone - EEC) + 250 ug of antibody; 15 2C EEC
MRSA + 500 xg of antibody; 3C. EEC MRSA + 7501.1g of anti body; 4C and 6C
negative controls of EEC MRSA strain. 10: CEB I\/RSA + 150 fig of
vancomnycin; . CEB MRSA + m of vancomycj 3D: CEB MRSA + 500 jig of
vancorryc'lr’:ar' Pﬁg’%&egm@ﬂ op ‘;‘38"‘]“1"5'“6‘? syrfaces, ﬁytOE'G nd 60: negative
controls. 4.2. In vivo protection tests 4.2.1. Determ nation of |ethal and
subl et hal Hissebiepigre cEmhe |floay icatomepB7BsCAs tariilidoe thRSAapadityaforstarget These
assays wescegnmterss dheybacteriomdiaritstriative fdrm hynthe invamoploodlentibaty. Wapreeioas uat ed
in the twstsusethunoidetting), wahebseerdl thetaptt fetamiiticmnobypraeihd eitfiededipse one
and the @earirméon preséssawhith oevet @itifg it Sotdi® Beptdtidnaby aéd hbr@ﬁ§‘1ﬂ um of

bact eri adenaflng pRy&auafidedd hAl Qina%uéna Oe/OaPBe aﬁ@e %Bht?iﬁl sstr A The
chosen rpHpe, tlbgbtinﬂ%%RtS%ﬁ (9?’ a§ ésf y and
the abseqge Bl AR ! L1 Q0 ead: %ﬂg gt o

conduct i

dose in g% "Ii% E:}? Onﬁoﬁﬁgyéjggﬁﬁﬂ?%wé’ 4@1 5 doses,
and thre 851% ¢ dibg 6lEf§mR ge on

t he mean® FFSFH é'ére or St aphyl ococcus aur eus. CO_ MRSA strain, the
first MRSAIgUrerk shewdie resulis gériberelove qutomainy, of MRSAJCEB)r afleMsiSde strain
for studbasterian mbubatedat Witlye anti-BBREe e monotlophlowandibbdy bend i tatkedviwith ent |
needi ng phygherytirmo®PEy.dndbl 4SS A baebrad; i ()t MRSYe gatvhein sMiSAargIphagsid 0 cause
i nfecti of3)] MROA Naben hhexhenttul pHass\aSIRIA popeationd PrefineGl vigh SFHAYS.

4.2.2. Reprkp &fdmge@tah%ra@s@yﬁlaﬁéea%nﬁ%‘;&emueréswneesri @i t h subl et hal
dose Using a renal quantification after infeCtion, these assays

enabl e t € C ence of

bact eri aa)llﬁ}é@!l #?qtn gtﬁ%ﬂ%fﬂ@&% @?%if%ntetypg%gs érghglgh lcbt‘)%%h A reduction
hi gher t{}?n 3 Io% 81000 i res) was reached in three |ndependent assays
with vir KeBroteetion (£88¢ o di fferent genetic backgrounds. In these
assays, the aninals received a_previous dose of 500 m crograns of

ant i bodyPetrrmintionad migimewdinbibitegy goneentratien M) body dose (250

m crograns) was evaluated in the assay wth CA-MRSA strain, where a
bacteri al Tedoassagn ainato evahwatoisentibddy banacﬂty)fmrdmebtaylbhﬁmgqmlfcmﬂ&i ned

Wit h t hetahROinm elosgt systettoStor midiecloaslidrtidodian with (Beapeutid faby! p6sithA, 6B,

and 6C. resltisth#ve cRflcBbeiifidaficd, @5 WhdySmedn faNale MUBHdY fsl b tPRchghiaN Mal s
treated @pgarBAMMUtEBIRN (M Akt br %ﬁﬂﬁﬁﬂ&‘é'aﬁi‘@f*thé‘ﬂ%J bedng? éHbl ect ed
to systefg ésnfc&‘ﬁ%k niMab f FoAUBLED édmié% MRS

Q?yn gggt O}rnb?ﬁédh%? le%hg %e%%ha Fhuke as L%' % S@ﬁ%{g@ﬁ ,ﬁé;@guggtel Ly
caan SHains %eée Y efsagﬂﬂ% valugeg, Lanpi0?
P hoLe sne:y fofl; Gpitioas E%smé@aaa @P.taat o

ant i bod ‘frBE a%lg qUEht oY ¢

29, 000 b%%r fessof s genssi B'éR,dc %ﬁﬁhadlf@dem@é%é@u@%t beiegtipadalesest 75, 750
bact er i aieedert wablagkingteg evdre st thaseme. A hesopstsoan be aeenpp Figegs Sand P4:
10 bacter |F@gt(rﬁeiarsh@ﬁs 1% Besbadtbe iia) virRephatsctiom (MICt heniginaunt i inhibaérybact eri a
r ecover egntemmatibn eatnéaranynaitsPBP2a pirdfiddanotalomabartibedy add 0aedMy6Ho60

times. agafispan moGBusheinD’tcbls fromudifferenf MRSYakiralb@ntd dbseddel dMudbiiigni mal s
treated 1ﬁﬂ|i@at6§)ﬂra¥th@ﬁatﬁﬂ;ﬂﬂﬁabteﬂﬂl mmath SRiIeA-@RBhdifiGs. body and subj ect ed
to SYSteIBCCEEfI\ERSAQPré% 1d% 8[fan't1 &lrl J;an MRSA strain
(Europe § |pes dg of concentration of
bacterl [fxro t s of each non-treated animal. In large
checker RSAI o Oo‘fg of bacteria isolated fromthe kidneys
of each "a‘h AREhP A RREAHEQICARILHON er{eg R%é‘yamBars in smal| checkered pattern
i ndi cat e B:HeOL &4RBAtH 2 |ghefadntibodyyeans. Bacterial quantification:

cont r ol B:CAL MRIA 0510 st aibady; C2: 44, 000 bacteria; C3: 300, 000

bact eri a3B.@401 23R Q07 &fdrfibdaygan of 211, 000 bacteria). Treated

(prot ect%ﬁrg r@é guv&]om gotfggjlsfvjbf@SAE 11,1200 bacteria; P3: 10 bacteria;
d P4: t t tit f
bact eri ardb6y P el e T L RN BRobRe hon- 1 sar e

ones: 2420 ti nes FI gure 6C shows tlf’ne results of renal quantification in
animal s treated and non-treated with anti-PBP2a nonocl onal anti body and
subjected to systemc infection with a subl ethal dose of WB79 CA- MRSA
strain (Brazilian community strain). Five first bars (in xx, horizontal
dashing, and |arge checkered patter n): Iog of concentration of bact erl a
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In this assay type, we evaluate the protection conferred by the anti body
to animals after an infection with a bacterial |oad able to kill 50% of
the animals (LD50) or nore. The protection against the three strains used
in the renal quantification assay was evaluated. A significant reduction
in (i) survival tine and (ii) the very survival of animals under treatnent
wth anti cl ant i i es was observed in the three independent
assays. 2%%0 2@/}*@ ?6@@) A strain, 70%of the animals under

t r eat menBG HEG VESA Hid5 Heof endhodya ai nst only 10% of the control group
(non- t r edCeand 6G: megiveposuglswf EEC MESAasitallRSA st rain, the obtained results
wer e si mlDauCEBAMRSE 466 %6 0 fugif otusimyein;i n ani mal s under treatment and 100%
of deathzmogmMKSAnggrp dfmaﬁ&a}gly@ﬁlsay with CA MRSA strain, a protection
of 100% wps 599%66 tfgal?c%ﬁﬂlr_;ﬂl control animals. These results can be

seen in F ure 7A shows the survival curve of
tr oat ed Egﬁﬁif%gm ?ao i8 f%@w&"?

control) animals after infection by a
dose of %’rbvteé?f’f“é CEB MRSA) admi ni stered by intraperitoneal
route (LD50) gure 7B shows the survival curve of treated (protected)
and non- ti2edn é’(ﬂo@tmﬁﬁl‘lﬂ%sﬁm mal s after infection by a dose of 4.2 x 108
bacteria (Iberian MRSA) adm nistered by intraperitoneal route (LD50).

Fi gure 7@&2sh@aetthinasion wlathat abdesublethaledbses £6ip CDB; dbedin,aWBM0CA] r eat ed
(control xnaWBNREAls@Faingdf ection by a dose of 1.1 x 109 bacteria (WB79
CA- MRSA) adm ni stered by intraperitoneal route (--1 D50). 4.2.4.

Conpar at i V?he%E us’sﬁymeﬁrret:@s%a AR of QR ket P, gﬁj @fmr#ere grsus
vaneonyejg b us X@élé’o@% af'ﬁtl ba{tﬁﬁl é%lb(r‘eﬁ‘fh ékem)ﬁ;e regt ment
of sever e 1N ethi[1 1) pro c?fl 6
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st udy waBieBwddues esgdipt ponduetieg tiesassays twitlr Bumpenimalseper conditon winfdstive
vancony cbactertll ese inreeawiag contentrationsy fomatermitingoldiesd sebrlethal dosés; dndne wi t h
si nul t anthoessdididranh detes atcrotestef, amdei we hadpiexious kaowietigebpthe MamcR4Li n
doses V\ed@eadq)rt&‘hﬁdzlc&odcmdmréuss COTEMRIN atrAyihs fifgt MR SA @ldnRao Gasess of
i nf ect i opéontt fgh@iRed,(5A%dE refétinte 42ail FoF Sthdies onlthes P RERSY W& it S
i ndi cat eghdvhalio bRHE: YRReR, ﬁ&g mgrmlﬁéct%%ed ish Pel At dFED th@oﬂlm% ptity of
bact eri acIBfl 6 Uhud @nfet't?c%rh hfe?e@ E‘%S%Q@m‘%r%ctgd}h{s &ro ral or
e ‘intfection. re

ant i bodi es ree ays wever SR of 4,617
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that the SYH18 8 b Rrtinsnedal inbar ipfectiandbesp epsayasrpblarpicyelariedsheaas very
ef fi ci entntibady eaprsitsigo trpducstbe prasance] falrctsivainvdil prgans ekidnaynlegiterof
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0. 684 Avidity rate. 2.47 Cl one 38 (DOs):

Figure 6B shows the results of renal quantification in animals treated and non-treated
with anti-PBP2a monoclonal antibody and subjected to systemic infection with a
sublethal dose of Iberian MRSA strain (European epidemic clone). In horizontal stripes:
log of concentration of bacteria isolated from the kidneys of each non-treated animal. In
large checkered pattern: log of quantity of bacteria isolated from the kidneys of each
animal treated with the antibody. Bars in small checkered pattern indicate the respective
obtained means. Bacterial quantification: controls: C1: 210,000 bacteria; C2: 44,000
bacteria; C3: 300,000 bacteria; C4: 290,000 bacteria {mean of 211,000 bacteria).
Treated (protected) animals: P1: 80 bacteria; P2: 200 bacteria; P3: 10 bacteria; and P4:
60 bacteria (mean of 87.5 bacteria). Reduction in quantity of bacteria recovered
from treated animals in relation to the non-treated ones: 2420 times.

Figure 6C shows the results of renal quantification in animals treated and non-treated
with anti-PBP2a monoclonal antibody and subjected to systemic infection with a
sublethal dose of WB79 CA-MRSA strain (Brazilian community strain). Five first bars
(in xx, horizontal dashing, and large checkered pattern): log of concentration of bacteria
isolated from the kidneys of each non-treated animal. First bar (in xx): estimate in
relation to an animal killed before the euthanasia. Bars 6, 7, 8, and 9 (in horizontal
dashing and checkered pattern): log of quantity of bacteria isolated {rom the kidneys of
animals treated with 250 g of anti-PBP2a monoclonal antibody. Bars 10, 11, 12, and
13 (in triangles): log of quantity of bacteria isolated from the kidneys of each animal
treated with 500 pg of antibody. Checkered bars (5™, 9, and 13™ bars) indicate the
respective obtained means. Bacterial quantification: controls: C1: 650,000 bacteria; C2:
26,000 bacteria; C3: 17,000 bacteria; C4: 500,000 bacteria (dead animal estimate)
(mean of 231,000 bacteria). Animals treated with 250 pg of antibody: P1: zero; P2:
5,400 bacteria; P3: 830 bacteria; and P4: 10 bacteria (mean of 1,560 bacteria). Animals
treated with 500 pg of antibody: P1: 80; P2: zero; P3: 210; P4: 80 bacteria (mean of
92.5), Reduction in quantity of bacteria recovered from treated animals in relation
to the ones non-treated with 250 pg of antibody: 149 times. With 500 ng: 2,497
times.

4.2.3. Survival assays

In this assay type, we evaluate the protection conferred by the antibody to animals
after an infection with a bacterial load able to kill 50% of the animals (L.Dsp) or more.
The protection against the three strains used in the renal quantification assay was
evaluated. A significant reduction in (i) survival time and (i) the very survival of
animals under treatment with anti-MRSA monoclonal antibodies was observed in the
three independent assays.

In the assay with CEB MRSA strain, 70% of the animals under treatment survived
the infection, against only 10% of the control group (non-treated). In the assay with
Iberian MRSA strain, the obtained results were similar, with 60% of protection in
animals under treatment and 100% of death in control group. In the assay with CA
MRSA strain, a protection of 100% was seen, compared to 70% in control animals.
These results can be seen in Figures 7a, 7b, and 7c.

Figure 7A shows the survival curve of treated (protected) and non-treated (control)
animals after infection by a dose of 2.3 x 10° bacteria (CEB MRSA) administered by
intraperitoneal route (LDsg).
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Control: 1.22 Thi ocyanate-treated sanpl es: 2 M= 0.056; 1.5 M=
0.062; 1 M= 0.129; 0.75 M= 0.648; 0.5 M= 0.758; 0.375 M=

Figure 7B shows the survival curve of treated (protected) and non-treated (control)
animals after infection by a dose of 4.2 x 10® bacteria (Iberian MRSA) administered by
intraperitoneal route (~LDsg).

Figure 7C shows the survival curve of treated (protected) and non-treated (control)
animals after infection by a dose of 1.1 x 10° bacteria (WB79 CA-MRSA) administered
by intraperitoneal route (~LDsg).

4.2.4. Comparative study on protection conferred by monoclonal antibody versus
vancomycin

As vancomycin is a first choice antimicrobial for treatment of severe infections by
MRSA, a comparative study on protection was conducted in a model different from the
previous ones. In this study, the animals were infected and the administration of the
antimicrobial or monoclonal antibodies was started just after four hours of infection.
The study was conducted with three distinct groups: one treated with vancomycin, other
treated with monoclonal antibodies, and a third one with simultaneous administration of
antimicrobial + antibodies. Vancomycin doses were adjusted and administered in a way
similar to the cases of infections in humans (500 mg every 12 hours).

The obtained results indicated that there was a reduction of around 15 times in the
quantity of bacteria present in the kidneys of animals treated with antimicrobial or
antibodies three days after the infection. However, a reduction of 4,617 times was seen
in the group that received treatment with antimicrobial and antibodies.

Based on these results, we can conclude that the protection conferred by an antibody
dose corresponded to five vancomycin doses and that the simultaneous administration
of vancomycin and antibodies was very efficient in reducing the bacterial load observed
in the kidneys of infected animals. This study was repeated with a little lower infective
dose in order that we could better observe the protective action of anti-MRSA
monoclonal antibodies both isolated and in association with vancomycin (See figures
8).

After the conduction of the second assay with a lower infective dose, the obtained
results confirmed the initial results. The protection conferred by the treatment with
monoclonal antibody caused a reduction of 89 times, which was higher than the
protection obtained with the treatment with 5 vancomycin doses (reduction of 35 times).
However, the most significant reduction result was seen in the group treated with
antibody + vancomycin, causing a reduction of 450 times.

Figure 8A shows the bacterial quantification in kidneys of animals treated with anti-
PBP2a monoclonal antibody, vancomycin, and association of antibody + vancomycin
and in non-treated animals after infection with 6.0 x 107 bacteria (CEB MRSA). The
treatment beginning happened 4 hours after the infection. Vancomycin was
administered every 12 hours (5 doses). Bars 1, 2, 3, 4, and 5 (dashing): log of
concentration of bacteria recovered from non-treated animals (controls). C1: 7,000,000,
C2: 295,000; C3: 380,000; C4: 3,200,000 (mean: 2,718,750 bacteria). Bars 6, 7, 8, 9,
and 10 (checkered pattern): log of concentration of bacteria recovered from animals
treated with 400 pg of anti-PBP2a monoclonal antibody. P1: 4,200; P2: 310,000, P3:
330,000; P4: 90,000 (mean of 183,550 bacteria). Bars 11, 12, 13, 14, and 15 (spheres):
animals treated with vancomycin. P1: 110,000; P2: 58,000, P3: 500,000; P4: 21,000
(mean of 172,250 bacteria). Bars 16, 17, 18, 19, and 290 (triangles): log of
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38. s
Results of the avidity tests of monoclonal antibodies clones 10 and 38:

Urea protocol avidity:
clone 10: 1.03/1.46 (reading DOs with/without treatment) = 70.5%
clone 38: 1.00/1.21 = 82.6%

Ammonium thiocyanate protocol avidity:

Clone 10 (DOs):

Control: 1.12

Thiocyanate-treated samples:

2M=0.046; 1.5 M=0,047; 1l M=0.107; 0.75 M = 0.483; 0.5 M = 0.602; 0.375 M =
0.684

Avidity rate: 2.47

Clone 38 (DOs):

Control: 1.22

Thiocyanate-treated samples:

2M=0.056; 1.5 M=0.062; 1 M=0.129; 0.75M = 0.648; 0.5 M = 0.758, 0.375 M =
0.793

Avidity rate: 4.40

It is seen that the avidity rates of clone 38 were higher than the ones of clone 10 in
both assays. Furthermore, it is verified that, according to both protocols, it was
necessary to use 50 times more antibody from clone 10 than from clone 38 in order to
reach a DO close to 1.0.

6. Determination of association and dissociation constants of the monoclonal

antibodies (clones 10 and 38 by surface plasmon resonance method [SPR]
[BIAcore])
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k" (Mls-1) 1Qls-11 KD (nM Cone 10 4.42 x 103 5.7 1.16 x 10-4 + 5.63 x
26.2 10-7 Cone 38 5.45 x 105 384 3.13 x i02.11 x 5.7 x 10-2 10-1

The results obtained by SPR method confirmed the preliminary results of antibody
avidity, where clone 38 showed results higher than the ones of clone 10 again.
According to the data seen in Table II, we see that clone 38 shows affinity 450 times
higher than the clone 10 one.

This affinity is mainly due to its higher association rate, which is about 100 times
higher than the clone 10 one. Due to the very high affinity of clone 38, its measures
present parameters close to the equipment detection threshold. Yet, due to the care
in trial planning and conduction, we obtained an excellent adjustment for trial data
using Langmuir’s model, which indicates that the obtained data are reliable.

Figure 9 shows the interaction between recombinant PBP2a (antigen) and
monoclonal antibodies clone 38 (Figure 9A) and clone 10 (Figure 9B). Smoky dashing
curves represent SPR data in the concentrations according to the right key. All samples
were analyzed in duplicate, and the 1:1 Langmuir’s theoretical model for each curve is
shown in black under each curve. Response units are represented in the vertical axis,
and time is represented in the horizontal line in seconds. The closest lines referring to
the horizontal axis represent the baseline for each sample (negative control).

Table II

Dissociation and interaction constants between antigen (PBP2a) and monoclonal
antibodies clones 10 and 38.

k. M5 kg s) Kp (aM)
Clone 10 442x10°+57 | 1.16x 10'4; 563 x 26.2
10
Clone 38 545x10°+384 | 3.13x 10‘51645 2.11x% 5.7x 107
107

7. Identification of complementary-determining regions (CDRs) of light and heavy
chains of anti-PBP2a monoclonal antibody

After the mRNA extraction process in the hybridoma cells of the clone producing the
used antibodies (clone 38), cDNA obtainment was performed and PCR reactions were
performed with this material for different light and heavy chain alleles. The obtained
materials were subjected to sequencing using the same starter sequences (defined by
SEQ ID NO.: 18 to SEQ ID NO.: 39) used in PCR reactions. Light chain 391 and heavy
chain 310 were identified in three distinct sequencings. Applying the Kabat’s and
Chotia’s algorithms, we obtain the identification of light and heavy chain CDRs, which
are the target of the attached claims.

We present the sequences of light and heavy chain CDRs below.

SEQ ID NO.: 6 - CDR 1 light chain amino acids.
RSSQSIGHSNGNTYLE

SEQ ID NO.: 7 - CDR 2 light chain amino acids.
KVSNRFS

SEQ ID NO.: 8 - CDR 3 light chain amino acids.
FQGSYVPLT

SEQ ID NO.: 9 - CDR 1 light chain DNA.
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7. ldentification of conplenentary-determ ning regions (CDRs) of |ight and
heavy chai ns of anti-PBP2a nonocl onal anti body After the nRNA extraction
process in the hybridoma cells of the clone producing the used anti bodies
(clone 38), cDNA obtainment was perforned and PCR reactions were perforned
with this material for different |ight and heavy chain alleles. The
obt ai ned material s uenci ng using the sane starter

e sgb'ected to ﬁgq
ceauence SMEQAIIEIRMRAb I | Do’ o) Leed o o
reacti onSE ~cha light ghajp chain 310 were identified in three
di stinct %%%ﬁ%ﬁcﬁ%%ﬁ gﬁxgpl ying the Kabat's and Chotia's algorithms, we
obt ai n t BEQ HENQ.FilcaEPBr light chgyhONd heavy chain CDRs, which are the
t arget ofttdapggcapttatgtpedgatgamicns. W present the sequences of |ight and heavy
chai n CDRECHE) N.: IREWCDR IN@avy Ghain @idolacidsght chai n ami no aci ds.
RSSQSI GHEYSYTYeESGRQII D NO.: 7 - CDR 2 light chain am no acids. KVSNRFS

SEQ | D NQE( ) NOCOR -CHROMea¢}@hdin aiiitachl dS. FQGSYVPLT SEQ ID NO & O-

COR 1 i gh K§gcagcagccagagceat t ggccat agcaacggcaacacct at ct ggaa

SEQ I D . b I Qrml gt gagcaaccgattagc SEQ I D NO.: 11
- CDR 3 R%Hetaggg%ag%agé Od gtgccgctgacc SEQ ID NO: 12 - CDR
1 heavy GFSI TSS SEQ ID NO.: 13 - CDR 2 heavy chain

S.
am no acPds ' ?@i}gﬁﬁ%‘é‘,"@@@ NO.: 14 - CDR 3 heavy chain anino

aci ds. ERBENgRAacSEesapesgqegcizcigecat COR 1 heavy chain DNA.

ggct t t agSEf Bty cldgcldB Adwayy clpie DINASEQ I D NO.: 16- CDR 2 heavy chain
DNA. cgcageattipstadggasggedtgattaggrpag@igesagagcecct gaaaage SEQ ID NO. @ 17- CDR
3 heavy GEHg D BNA.170aCPRAdehgnthagyDNAt gat gt g Conpl ementary data  Further
ot her asgmaacoge%aﬁgganggaﬁgttgd, proceedi ng the invention devel opnment. These
are reported bel ow, through exanpl es. Exanple 3 A second study using CEB

MRSA str @ qfl@,ﬁ Hgted, follow ng the same protocol described in
Exanpl e ,OB} emel%@g? vvlttath addi ng of two pul ses of agitation by vortex, of

15 seconds.egach gne, after eac hi ng: .ai mng to.di saggrega
Staphy| ocouTer %a&%&%ﬂ%@n@ 8 brdoxeg e P dmleobh BRGRGRER e pep2a
exposed &% &Rt oy throtigh examileser s FI TC (f1 uor escei n i sot hi ocyanat e) and
PE (phycoerythrin) were tested, with control sanples (i. pure bacterium
wi t hout ESAm@de3 with nonocl onal antibody; and ii. pure bacteriumplus FITC
or PE marker) and the sanple treated wi th nonocl onal anti body and
subj ect ed Acetrandlsiudly using(CEHEMRS & lsttéinbeisrgnduraldy frdldwitghthe saae progsol n
FACsal i bdésceibad reExaigte peitéarnBdvithn addingaf twogelses ofFghntien BPvorkexaofr aph of
anal ysi s 1 b¥edoh@yeH loaRiffey efth WiShHgS aifhe® dibagdf@sRMe@/RlockdclnirRiked
ant i - PBP2a,18iEbiaRRMd dENGsd the g ESPPIRS: &Pofais ARGicRLssanpl e, and curve
(y) correspgngs b Iﬁﬁ(lkﬁﬂlﬁéwh%othiocyanate) and PE (phycoerythrin) were tested,

with control samples (i. pure bacterium, without contact with monoclonal antibody; and

il. pure bacterium plus FITC or PE marker) and the sample treated with monoclonal

antibedy and subjected to marking with PE or FITC being analyzed. The readings in

FACsalibur device were performed in linear mode.

Figure 10 is a graph of analysis by flow cytometry of MRSA samples in presence of
FITC-marked anti-PBP2a antibody. Curve (x) corresponds to non-marked sample, and
curve (y) corresponds to marked sample.
The obtained results showed that about 22% of marked population was detected by
the device, confirming the recognition of the target (PBP2a) present on the bacterial
surface by anti-PBP2a antibodies (Figure 10).

Example 4

The inventors still surveyed the protection conferred by anti-PBP2a monoclonal
antibody from methicillin-resistant Staphylococcus aureus against enterococcus.
According to what was already previously mentioned here, the antibody recognizes
proteins present in Enterococcus sp. strains, probably PBPS - a transpeptidase with low
affinity for beta-lactams, present in all enterococcus sirains, with molecular weight of
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The obtained results showed that about 22% of marked popul ati on was
detected by the device, confirm ng the recognition of the target (PBP2a)
present on the bacterial surface by anti-PBP2a anti bodies (Figure 10).
Exanple 4 The inventors still surveyed the protection conferred by

ant i - PBP2a nonocl onal anti body frommethicillin-resistant Staphyl ococcus

aureus a a| nst ?r]t or. i)n 10 8 a]d gr)

e A M R L L AT SRR

beta | act ans, presen%l in all enterocgvccus sthg(al ns, with nol ecul ar wei ght

of _apor dfidpiel y 7o ORIty L BEHL 0 %%gg%ﬁ@ggi fiss fiEE ool ogy
Q

referringpiQ ﬁﬁﬁs&kﬂ}pﬂ&ﬂz@w@ dIQ aled
below — x i,

PBP5Ef as IVERSNANKKSSKNPLI LGVSALVLI AAAVGGYYAYS KQELAEAKKTATTFLNV;@?(I}( 60

PBP5ef am RTGAYI %@W VA ‘_ NAEACE E‘ﬁ?@&ﬁ Y PBP2a
e P R ( YSEFS

MKKI KI VP GEG { , L DB IRKYSKNKKAYE. 57

PBP5Ef as QEFDKLPSWQEASLKKNGYDTKSWEKYQAI YSG QAEG\IKASD QVKKAKDNQYTFTY 120

PBP5ef antGDYNKAAEMI SKKAANKSAL SEKEI LDKYOQNI YGAADVMGEL Q' SNLKVDKKDDSTYSFSY 113
PBP2 aSSYI§§>‘1§§BNC£VEMTEF@I’FWL%E@\Y@IMWFWWWWFS@@V DNAKREBLVD 180
P

efam FAKMNT SLGELKDLSYKGT LDRNDGQTT INWQPNLVFPEMEGNDKVSLTTQEAARGNTID 173

PBPSEf as KL SVETPL GEMKDL SYORS] ARKCDTYO AVKPSL4. EPDMSCRIR] -1 OVENARECED 180
PBP5ef amKAKVNTSLGEL KDL SYKGTLDRNDGQTTI NVOPNLVFPEVEGNDKVSLTTQEAARGNI | D 173
PBP2aQYKEREERHEN DRN- YR KEERIARDYSEVET P ENE KSERGRIVED 2356

. % % RNGEPLATTGKLKQLGVVPSKLGDGDEKTANIKATASSKDLTEDAIN---QAISQSWVQP 230

PBP5SEf as Ee’f\’l’(%d'Ai NKVFEEVERPER] CSGAEKT AN KASSERE GV EBE R R SthEndn 237

PBP5ef anRNC—EPLATTGKLKQ_GVVPSKLGDGDEKTANI KAI ASSFDLTEDAI N- - - QAI SQSWQP 230
PBP2a RNNVELSANFGT HVAL & Y PRINR SR RIDY KA - AKE L SE SEDYCRMNIRVYRKY GY KVE PSKR-1PE 292

PBPS5efam DYFVPLKIIDGATPELPAG--ATIQEVDGRYYPLGEARAQLIGYVGDITAEDIDKN--PE 286
PBP2a FHFKTVKEMDEYLSDFAKKFHLTTNETESRNYPLEKATSHLLGYVGPINSEELKQKEYKG 271
LN . R I A L A I SO
PBP5Efas LSSTGVIGKTGLERAFDKELRGODGGSLVILDDK-ENVKKALQTKEKKDGQOTIKLTIDSG 351
PBPSefam LSSNGKIGRSGLEMAFDKDLRGTTGGKLSITDAD-GVEKKVLIEHEVONGKDIKLTIDAK 345
PBP2a YXDDAVIGKKGLEKLYDKKLOHEDGYRVTIVDDNSNTIAHTLIEKKKKDGKDIQLTIDAK 331
. **:_*** :**.*: * H * ok . :.* T ::*: *:****:
PBPSEfas VOQOQAFATFDKRPGSAVITDPQKGDLLATVSSPSYDPNKMANGI SQEEYDAYNNNKDLPE 411
PBPS5efam AQKTAFDSLGGKAGSTVATTPKTGDLLALASSPSYDPNKMTNGISQEDYKSYEENPEQPF 405
PBPZa VOKSTIYNNMKNDYGSGTAIHPQTGELLALVSTPSYDVYPFMYGMSNEEYNKLTEDKKEPL 391
SR : H *E g hrkokde ok kkdk HE LSS L A
PBPSEfas TARFATGYAPGSTFKIITGAIGLDAGTLKPDEELE INGLKWQKDKSWGGYFATRVKEAS- 470
PBPS5efam ISRFATGYAPGSTFKMITAAIGLDNGTIDPNEVLTINGLEWQKDSSWGSYQVTRVSDVS— 464
PBP2a LNKFQITTSPGSTQKILTAMIGLNNKTLDDKTSYKIDGKGWQKDKSWGGYNVTRYEVVNG 451
:* :-k*-k* *::*‘ ***: *:_ . *:* ****.***.* -** .
PBPSEfas PVNLRTALVNSDNIYFAQQTLRMGEDKFRAGLNKFIFGEELDLPTAMTPAQISNEDKENS 530
PBPSefam QVDLKTALIYSDNIYTAQETLKMGEKKFRIGLDKFIFGEDLDLPISMNPAQISNEDSFNS 524
PBP2a NIDLKQAIESSDNIFFARVALELGSKKFEKGMKKLGVGEDIPSDYPFYNAQISNEN-LDN 510
::*: *: ****: *: :*-:*"**' *:'-k: ‘**:: L *****:: -
PBP5Efas EILLADTGYGQGQLLISPIQQATMYSVFONNGTLVYPKLVLDKETKK-KDNVISANAANT 589
PBRPS5efam DILLADTGYGQGELLINPIQQAAMY SVFANNGTLVYPKLTADKETKD-KKNVIGETALQT 583
PBPZa EILLADSGYGQGEILINPVQILSIYSALENNGNINAPHLLKDTKNKVWKKNIISKENINL 570
***** -k**** ** * * iy - Rk .2 * kK .t * * *.:_‘k * * . *
PBP5Efas IATDLLGSVEDPSGYVYNMYNPNFSLAAKTGTARIKDKQDTDGKENSFLLTLDRSNNKEL 649
PBPbefam IVPDLREVVQDVNGTAHSLSALGIPLAAKTGTAEIKEKODVKGKENSFLFAFNPDNQGYM 643
PBPZa LNDGMQQVVN——KTHKEDIYRSYANLIGKSGTAELKMKQGESGRQIGWFISYDKDNPNMM 628
: *- . L * ******** .*:. R H ‘* .
PBPSEfas TMIMVENSGENGSATDISKPLIDYLEATIK-————~-———— 679
PBPSefam MVSMLENKEDDDSATKRASELLOYLNONY(Q-————- -~~~ 673
PBPZa MAINVKDVQDKGMASYNAKISGKVYDELYENGNEKYDIDE 668
PRI - * . . - .
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PBP5Ef as DSFVPI TVASEPVTELPTG - AATKDTESRYYPLGEACAI NR- VYGT| TAEDI EKN- - PE 292
PBP5ef anDYFVPLKI | DGATPELPAG - ATI QEVDGRYYPLGEAAAQLI GYVGDI TAEDI DKN- - PE 286
P8P2aFHEKTVKKNVDEYL SDFAKKEHL TTNETESRNYPLEKATSHLLGYVGPI NSEELKQKEYKG 271

*
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The objective of this assay was to evaluate the in vitro protection conferred by the

antibody against VRE enterococcus strain.

In vitro protection test (MIC), clone 38 purified monoclonal antibody
(90/DAS/CBS5/AA3 hib 77) against Enterococcus f clinical strain (VRE), Richet
laboratory.

Conditions:

Sample: purified from supernatant by HPLC, SelecSure MAB resin, dialysed,
lyophilized.

Antibody quantification (Lowry’s method): 3.5 mg/mL

Inoculum: VRE strain

Pre-inoculum: 1 VRE colony in 20 mL Lb and vancomycin (10 mg/mL), ON 37°C, 160
rpm

Inoculum: 400 mL of pre-inoculum in 20 mL Lb, 200-mL erlenmayer, 37°C, 160 tpm
DOgoonm reading after 7 hours: 0.7

Quantification: 5.5 x 10® bacteria/mL

Test conditions:

Inoculum: 5.5 x 10° bacteria

Antibody concentrations: 300, 400, 500, 600, and 700 mg of antibody

Culture medium: 1 mL of Luria broth

Cell culture plate, 24 cavities

Positive control: Luria broth + bacterial inoculum

Negative control: Luria broth

Incubation: 18 hours, 37°C

Figure 11 shows the result of the evaluation of the protection conferred by the
antibody. In Figure 11, we have:

A. 300 mg of antibody
B. 400 mg of antibody
C. 500 mg of antibody
D. 600 mg of antibody
E. Negative control

F. Positive control
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PBP5Ef as| ATDLLGSVEDPSGYVYNMYNPNFSLAAKTGTAEI KDKQDTDGKENSFLLTLDRSNNKFL 649
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gener at ePrmoedt onal anti bodi es. Amino acids corresponding to the enzyne
active coéfale7ewseki Bge/O dhimhid) hean weifhiks 20 dtadb t r 0 prot ecti on assays,
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ant i body Htlﬁgﬂt“’m@ loni@risetssiaml strain.  In vitro protection test
(MC), cho %m@ob@rﬁ(fhfie?dl%nocl onal antibody (90/DA5/ CB5/AA3 hib 77)

agai nst Bn3@ méweliters (6.5¢1 id) cal strain (VRE), Richet |aboratory.

Condi t i 0fis90Gaipblétersgrediddded 300 arvlipey/daepdts byOHPLC, Sel ecSure MAB
resin, dbalgsed (relivahs B aderohRls dey(cprane®fi cation (Lowy's nethod):
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vancony cEmyd 4t @ 991 0% tedt fged&&g tb BOD microliters/dose)

The animal observation was performed from day 02 to the tenth day of the assay.
The result is shown in Figure 12, and it is concluded that the lethal dose is 1.2 x 10°
bacteria and LDs is 6.5 x 10° bacteria.

Renal quantification of animals surviving in the seventh day:
A (1.5 x 107): no bacterial growth

B (6.5 x 107): no bacterial growth

C(.5x 103): 3100 bacteria

D (6.5 x 10%: 2.8 x 10" bacteria

1.3. In vivo protection test - survival test - lethal dose, systemic infection by
intraperitoneal route in murine model

The objective of this assay was to evaluate the efficacy of ir vivo protection for anti-
PBP2a monoclonal antibody against systemic infection with lethal dose, Enferococcus
Jaecium (VRE) strain.

1. Antibody (purified from supernatant of the cell culture in medium with serum)

- Dialysed and lyophilized purified sample (HPLC SelecSure MAB), resuspended and
filtered before use.

- Quantification (Lowry’s method): 1.0 mg/mL

2. Murine model: female, 8-week Balb/C animals, weigh from 23 to 25 grams

3. Protocol:

group A (6 animals): 650 mg of antibody (350 mg + 300 mg)

group B (6 animals): control (saline administration)

4. Preparation of bacterial inoculum:

VRE strain:
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| noculum 400 nL of pre-inoculumin 20 nL Lb, 200-nL erl enmayer,

rpm DO600Onm readi ng after 7 hours: 0.7 Quantification: 5.5 x 108
bacteria/nL Test conditions: Inoculum 5.5 x 105 bacteria Anti body
concentrations: 300, 400, 500, 600, and 700 ng of antibody Culture

1 L of

Luria br
18 hours
protectl

ant i bodylr@culwa day 03 L@é@gﬁ wocypn ifg

Luria broth Cell culture plate, 24 cavities Positive contro

e MU R T T R

E')ﬁ ferred b the antjbody. In Flgure 11, we have:; A. 300
vascopyeingg Osto

E. Negat il\d, ewrifuged F‘or 16gsin; 080 eprmt :e@msm@edm@teﬁty S 8i3xi prbayymentoat
and | et h&D ddsk), ddutémsiandplates foy quantifiagtim @dvei0° hagtarle/mL) inoculum: 12
vancony cinir, esitsfignate iEntsperaied dic B30 frlet romteRE-8ac bl bacteria)

Time schedule:

Day 01: IP inoculation of antibody (350 mg)

Day 02: IP inoculation of antibody (3 00 mg), systemic infection in the afternoon (IP,
250 mL of bacterial solution - 2.2 x 10° bacteria)

Day 02 to Day 13: animal observation.

The results are shown in Figure 13. Only 2 treated animals died (66.6% of
protection). All control animals died in the second day.

1.4. In vivo protection test - systemic infection by intraperitoneal route in murine
model with vancomycin-resistant Enterococcus faecium

The objective was to evaluate the in vivo protection efficacy of anti-PBP2a and PBP5
monoclonal antibody from enterococci against systemic infection, E. faecium (VRE)
strain.

Test:

1. Antibody (purified from supernatant of the cell culture in medium with serum)

- Dialysed, lyophilized, and resuspended purified sample (AffiPrep ProteinA
Biorad/HPLC SelecSure MAB).

- Quantification (Lowry’s method): 1.5 mg/ml.

2. Murine model: female, 8-week Balb/C animals, weigh from 19 to 23 grams

3. Protocol:

group A (4 animals): 500 micrograms of antibody (in 2 months, d01, d02)

group B (4 animals): non-protected control

4. Preparation of bacterial inoculum:

Iberian MRSA strain:

pre-inoculum, 10 mL of Lb broth ON, 37°C, 120 rpm

inoculum: 200 microliters of pre-inoculum in 20 mL of Lb, DOgyg of 0.80, centrifuged
for 10 min, 4,000 rpm, resuspended in sterile PBS O 5%, adjustment at OD = (.51,
dilutions and plates for quantxﬁcatlon (2.4 x 10° bacteria/mL); inoculum: 500
microliters, IP route (2.4 x 10® bacteria)

Time schedule:

Day 01: inoculation of 250 micrograms of antibody by intraperitoneal route

Day 02: inoculation of 250 micrograms of antibody by intraperitoneal route and
systemic infection (intraperitoneal, 500 microliters of bacterial solution)

Day 06: euthanasia, bacterial quantification in kidneys

Based on the results above, we can highlight that:

In vitro protection assays - determination of minimum inhibitory concentration:
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Femal e 7-week Bal b/ C ani mal s, nean wei ght of 20 grans Day 01 -
pre-inoculum 1 VRE strain colony in 10 nL of Lb broth and vanconycin (10
ng/ m.), 50-nlL Fal kow tube, growth ON 37C, 160 rpm Day 02 - inoculum 1 niL
of pre-inoculumin 50 nL of Lb broth/vanconycin (250-nL erl enmayer) -4
vials, 37C, 160 rpm growh until OoD600nm = 0. 80 centrifugation for 10
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bact eri ayr vizd pretction 838ysri crol i t ers/ dose) The ani nal observation was

per f or medn fvivorprdégctiold test + hetendatinfection by irth@edtssay route Themre uhddel S shown
i n Fi gur evith3ubiathd] ddse io$ vaoalydidedsibiant EAb@chbetbfilectimse is 1.2 x 109
bacteria and LD50 is 6.5 x 108 bacteria. Renal quantification of aninals

R e
Syst o ?Yzf i, Iﬂ?y e %ﬂbﬁ g &Olt el S“flﬁﬁﬁa@ R dose

t .
eien gD I ﬁfa%eé%géwﬁég T e o or

for anti ﬂéeaFﬁﬁlri |P5‘?§8'9/te§@é1i‘%§t0 Sy SPUhbactriarasipalon with | et hal
dose, Enterococcus f aeC| um (VRE) strain. 1. Antibody (purified from
super nat 8nrvivdl testafter ldthalidose pdministratdéorum wi t h serun) - Di al ysed and
| yophilized purified sanple (HPLC Sel ecSure MAB), resuspended and filtered
bef or e useThe arfwaRtreddiva 6Nmideomans f Medvetbhal dnt®od@(MPLroute) and were

subjected to systemic infection (IP route) and daily observed for 10 days. Control (non-

treated) animals died until the second day after the infection; two of the treated animals

(6} died in the second day; the others remained alive until the end of the trial. Survival

rate was 66.6%.

Therefore, once more we have confirmed that MRSA anti-PBPa monoclonal antibody
showed to confer cross protection against enterococci. However, the doses needed for
conferring protection were higher than the ones used against MRSA in similar
conditions. This is probably due to the lower capacity of the antibody to recognize
PBPS with the same efficacy as PBP2a, which it was developed for.

Therefore, the current invention described here - anti-PBP2a monoclonal antibodies,
able to specifically bind to PBP2a and homologous sequences - has applicability in
infections caused by bacteria presenting this protein or similar substances (MRSA,
MRSE, and Enterococcus spp., and any other pathogen that has a protein homologous
to PBP2a).

It is important to emphasize that once these infections are a worldwide problem and
the assays were conducted against the main known epidemic MRSA clones, the product
of the current invention has application in any place where there are infections by this
pathogen.

The documents relative to the state of the art of knowledge of the inventors, cited in
the current descriptive report, are listed below.

1. KOPP, BJ. NIX DE, ARMSTRONG EP. Clinical and economic analysis of
methicillin-resistant Staphylococcus aureus infections. The Annals of Pharmacotherapy;
38:1377-82. 2004.

2. BOYCE, JM. Are the epidemiology and microbiology of methicillin-resistant
Staphylococcus aureus changing? JAMA; 279(8):623-4. 1998.

3. HUNT, C; DIONNE M, et. al. Four pediatric deaths from community-acquired
methicillin-resistant Staphylococcus aureus in Minnesota and North Dakota, 1997-
1999. Morbidity and Mortality weekly report-CDC USA. 48(32):707-10. 1999.
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