
ONOCLONAL ANTIBODIES FOR PBP2-a PROTEIN AND HOMOLOGO S UENCES FOR
TREATMENT OF INFECTIONS ND DIAGNOSIS ON BACTERIA FROM PHYLUM FIRMICUTES
Inventio Field     Invention Rationales coccus aureus (MRSA) are a major
and morbidity rates higher than the Staphylococci (1). Furthermore, these
d higher expense with antimicrobials, ected by this pathogen (1). bial for
treatment of infections caused SA strains in communities in the e
identification of MRSA strains 'ted States (5), and Brazil (6), tion of
MRSA strains totally in the medical-scientific r becoming the fearful
"superbug or superbacterium" a pathogen resistant to all drugs vailable
nowadays.   Usually, MRSA prevalen e rates (ratio of all infections by
aureus caused by MRSA) in hospital infecti ns are gradually increasing in
the last ecades. In a study conducted by Jarvis et al. including 1268 ICUs
(intensive care units) 337 hospitals in the United States, the pliniber of
infections by MRSA in ICUs chang from 660 to 2184 cases and the pr valence
increased from 35% to 64,4% (8). In hip prevalence rates of hospital inf
ctions (His) caused by MRSA can present worrying v ues, from 60% to 90%
(9). I studies conducted in the United States, the percentile chan ed from
2% in 1974 to 59 A in 1997 (10, 11) and, in some hospitals in the United
State more than 80% of HIS are caused by MRSA (12). In England, the
prevalence increased om 1.5% to 15.2% between 1989 and 1995 and now (2004)
the estimate is 41.5% (13).   Besides high prevalence rates, especially in
teaching and large-sized hospitals, MRSA is/deemed as the main pathogen
causing epidemic outbreaks in Brazilian hospitals (14). In 1986, more than
50% of S aureus strains with hospital origin isolated in patients from
university hospitals in Sho Paulo were resistant to methicillin and, in
1993, the incidence of MRSA in the Pediatric Hospital of Paulista Medicine
School was 70% (15). In a study conducted in hospitals in Belo Horizonte,
Resende et al (16) pointed out a prevalence of 71% of MRSA.  SA strains
present a penicillin-binding protein with very low affinity o anti
crobials in the beta-lactam class, such as PBP2a (17). In the presence o
this enzytn which is codified by gene mecA, the bacterium is successful to
synthe 'ze the peptidog can, even in the presence of beta-lactams. This
enzyme can be also ound in coagulase- egative Staphylococcus and in
Staphylococcus sciuri - a bacteri present in the norm flora of dogs.
Besides resistance to beta-lactams, hospital 41 SA strains present resist
e to most other available antimicrobial classes, wi the use of
glycopeptides ( comycin and teicoplanin) remaining as first choice ment.
Two studies mg DNA vaccine against PBP2a showed th this protein is
immunogenic and t the obtained itnmune response was able t confer
protection against MRSA in as ys conducted in murine model (18, 19). o
ever, it is known that, in hospital infect ens, most patients are
immunodepresse (20). In this cases, a vaccine would not be a e to generate
protective antibodies 'n due time to control a bacterial infection. PBP2a
Immunogenicity   PBP2a is a class II multimo ular enzyme classification
(40). This 76-kilod on enzyme is region, a non-transpeptidase domain, d a
transp acid active core (STQK), responsible 4 the ha Ryfell, 1990).
State of the art studies with the DNA v bacterial reduction (renal
quantification) by systemic infection were of 3 to 4 times in the work of
Senna et al. The auth (except the membrane fixation regio of
transpeptidase domain, respectively    But, according to what was
protective antibodies in due infections by MRSA, the a most proper therapy
for trea Invention Summary   The main objectiv of the current invention is
to provide mono lonal antibodies able to recognize and o bind to PBP2a
protein (SEQ ID NO. :1) d other proteins presenting segue ces homologous
to PBP2a, including the path' :ens methicillinresistant Slap lococcus
aureus - MRSA, coagulase-negative tap hylococcus, Staphylococc sciuri,
Enterococcus spp., and any other bacterium posse ing PBP2a or sequences
homologous to this protein.   Anothe invention objective is the use of
monoclonal antibodies able to re gnize and bind to he PBP2a protein and
other proteins presenting sequences homo gous to PBP2 in a complementary
irnmunodiagnosis for detection of resistance t beta-lac  s.    e
monoclonal antibodies of the current invention are represented by segue
ces Q ID NO.: 6, SEQ ID NO.: 7, SEQ ID NO.: 8, SEQ ID NO.: 9, SEQ ID NO.:
2    Figure shows the imtnunoenzyme test (ELISA) of sera of animals imm ed
for producing i-PBP2a antibodies.   Figure 2 sh ws the result of a
polyacrylamide gel with raw samples and amples after purification.
Figure 3 sho the immunoblotting test of MRSA and MSSA sates against a
supernatant contann anti-PBP2a monoclonal antibodies.   Figure 4 is a
repre ntation of flow cytometry results of MRS (CEB) and MSSA bacteria,
incubated th anti-PBP2a monoclonal antibod and marked with phycoerythrin
(PE).   Figure 5 shows the in int  protection test (MIC - minim inhibitory
concentration) conferred by anti-PBP2a p fled monoclonal antibody n d
vancomycin against an inoculum of different MRSA s 4ns.   Figure 6A shows
renal quanti cation results in trea d and non-treated animals with the
anti-PBP2a monoclonal antiboe y, subjected to s stemic infection with a
sublethal dose of MRSA CEB strain.   Figure 68 shows renal quantificatio i
results treated and non-treated animals with the anti-PBP2a monoclonal
antibody, s jecte to systemic infection with a sublethal dose of MRSA
Iberian strain (European e 'de clone).    Figure 6C shows renal
quantification re s in treated and non-treated animals with the anti-PBP2a
monoclonal antibody, su ec d to systemic infection with a sublethal dose
of WB79 CA-MRSA strain (Brazi an co hilunity strain).   Figure 7A shows
the survival eurv of treatee (protected) and non-treated (control) animals
after infection by a lethal b erial dose ( 1 SA CEB).   Figure 7B shows
the survival  e of treated le tected) and non-treated (control) animals
after infection by a leth bacterial dose (Iber MRSA). Figure 7C shows the
survicurve of treated (pro - ted) and non-treated (control) animals after
infection by a thal bacterial dose (WB79  -MRSA). 



Figure 8A shows the b terial quantification in kidneys if animals treated
with antiPBP2a monoclonal anti.  dy, vancomycin, and antibody + v comycin
association and non-treated animals r infection with bacteria (MRSA CEB).
Figure 8B shows e bacterial quantification in kidneys of : al als treated
with antiPBP2a monoclon antibody.   Figures 9 s w the interaction between
recombining PBa (antigen) and monoclonalbodies clone 38 (Figure 9A) and
clone 10 (Figure 9B) Figure 10 's a graph of the second analysis by flow
cytometry ofSA samples in presence o ITC-marked anti-PBP2a antibody.
Figure 1 shows the result of the in vitro protection conferred by the anti
ody against VRE e erococcus strain.      Fit e 12 refers to L050 and
lethal dose for intraperitoneal infection determi tion. gure 13 shows the
efficacy result of in vivo protection of anti-PBP2a an PBP5 noclonal
antibody from enterococci against systemic infection. 3     The emerge ice
of infections by bacteria multiresistant to antimicrobial an alarming in.
ase. The prevalence of hospital infections caused increased in all orld
parts present high morbidity and cause big intensive use of an 7microbials
and to the longer period of patien The treatment base on chemotherapy has
been showing signs appearance of very fe eally novel and efficient drugs
in the ma    In this context, passive immunotherapy (re)appears as
presenting a range of adv among them, the lower toxi by dose reduction and
maybe the product presented here, sele drug selectively eliminates the re
useful to prevent the so calle antimicrobials - which provides the a   In
order to develop this product, preliminary studies with DNA vacc
inummostructural molecule analyses. PB and is deposited at PDB (Protein
Data B   Differently from other approaches, th the molecule with 76 amino
acids, transpeptidase domain. Epitope iden and in their presentation to
the diff later verification of their locati approach enables us to evaluat
native molecule.   This computerized analys showed the presence of - topes
close to the enzyme active core, with excellent cognition degree by class
II C ? alleles, located at PBP2a surface (not shown data).   These in
silico prey ws were confirmed by the performe target recognition tests
(inununoblotting and ow cytometry), and the antibody bindin to this PBP2a
region showed to be able to confer high protection, demonstrated by the r
ults obtained in the performed in vitr, and in vivo tests. The antibodies
generated by he 76-amino acid fragment sho e o to confer higher protection
than the ones generated  y immunization with fill PB 0 a, as previously
shown by Ohwada and Senna's irks and were confirmed b the results from the
inventors.   The ep emiology of infections caused by MRSA shows the pres o
I e of the predorrn t clonal types, responsible for outbreaks and
epidemics in hospi. Is in the whole orld. These clones present a higher
colonization and virulence capacs when comp ed to non-epidemic MRSA
strains (30).   a way to validate the obtained results, it was intended to
work with di SA clones (epidemic clones), representatives from most
infections (especially ospital ones) caused by MRSA.     (iv) It is known
that aphylococcus aureus presents a pr tein A on its surface. This
molecule characteris ally binds itself to the Fc region of i unoglobulins,
impeding the opsonizing acti rty of the immune system (38). Due to the
results obtained in our trials, we believe at the administered antibody
concentrationable to saturate the protein A exis g at the bacterial
surface, not preventing theP2a block by the administered ibodies.
Systemic fections caused by MRSA have been treated with use a
glycopeptides, especially ancomycin. However, this drug presents a range
of sid effects, with immuno xicity (42), ototoxicity, nephrotoxicity, and
transient neutropeni (43) among them, d need administration for long
periods, presenting high final treattne t cost.  By using a murine
infection model, it was possible to compare a trea ent with v omycin
versus monoclonal antibody and the combination of the two dru s The o
ained results indicated that an antibody dose had action similar to or
higher i an 5 ancomycin doses and that the simultaneous administration of
the two drugs was y more efficient in eliminating the bacterium than the
isolated administration. These da are extremely significant, as it is
possible to think about a lower treatment cost with the  an adtri. hi
MRSA,    (i) the PBP5 in E possible to administration. class B multimo
bacteria that cans acquired resistance t reservoir of genes o pathogens
(41).    (ii) these antibodies can have applicability forP2a
identification by innnunodiagnostic tests. Fo example, the use of immune t
ts based on agglutination of latex particles bound to theibody can provide
a resul that foresees resistance to all beta-lactam antibiotics in fe
hours. In the cony tional tests of sensitivity to antimicrobials (such as
antibiotic ensitivity testing), ese results are only released after 12 to
24 hours.    (iii) once monoclonal antibodies ave been s cessfully used in
topic applications against chronic sores (infliximab, see ference eit et
al., and WO 1999041285 Al), these antibodies might be topically au : 'st
ed to promote nasal decolonization by MRSA and for treatment of skin
lesions ca s,d by this pathogen. Based on the knowledge and issues foin
the state of art, the current inventors performed immunizations in
animalsa DNA vaccine with constructions corresponding to the gene mecA
(SEG ID q; 2) without the membrane fixation region and immunizations with
a 76 1 o aci s ntemal region of the transpeptidase domain (SED ID NO.: 3)
eomprisinr the enzyme ac ve core.    The immunizations were perfo rued in
the same co ditions presented in the works of Ohwada et all and Senna et
al. o developed a DNA ccine against PBP2a, using the full sequence (except
the me  rane fixation region) of kV e gene mecA and an internal fragment
of the transpeptid,e domain. The immunizati s were performed with 4 doses,
and the immunized mals and a non-immunized con ol group were challenged by
a systemic infection ith MRSA and a determination o the number of bacteria
present in the kidneys of animals in two distinctive periods. The obtained
results showed that the i  ization with the transpeptidase flagmen
conferred a greater reduction in the n , . r of bacteria present in the
animal kidneys an the one in the animals immunize' with gene mecA.   Thus,
we see that the antibodies generated against the transpep 'dase fragment
provided a bent r protection in the used conditions (DNA vaccine in mur
model) than the one by tibodies against the complete sequence of PBP2a.
The tr speptidase fragment i udes the enzyme active core STQK (SEQ ID NO.:
4).   Conse. u -ntly, based on the found results, the inventors directed
the inve tion for produci c g monoclonal antibodies able to recognize and
bind to the PBP2a prot M and otheroteins presenting sequences homologous
to PBP2a protein and usin the tran eptidase fragment that includes the
enzyme active core. he invention will be now described with reference to
examples, which must no z i c sidered as limiting.  



2. Animals:      Female Balb/C mice, 4 to 8 we old, obtained fro
CECAL-FIOCRUZ and housed at LAEAN-BioManguinhos were sed in the i zation
and in vivo protection assays. 3. Immunization:   The mice (4 animals)
received an initial d e of 100 micrograms of pCI-Neo plasmid: fragment of
MRSA mecA gene (18), fo ow by a 10-microgram dose of purified recombining
protein 14 days later, corrp pondi i to an internal region of the MRSA
PBP2a (21), emulsified in complete F und adju t, followed by other dose 14
days later, emulsified in incomplete Freund adjuvant. Fo een days later,
the animal with best immune response (evaluated/by enzyme imm oassay -
ELISA) received an intravenous dose of 10 micrograms of purified prote
diluted in PBS (phosphate buffered saline). Three days ter the IV
injection, animal was subjected to euthanasia by asphyxia in C 2 (CEUA
L0009-07 Proto i.uI - FIOCRUZ), and the spleen was aseptically rem ved for
cell fusion. The serum f the animal with best immune response was use as
positive control for other immuno s gical tests.       Lymphocytes re oved
from spleen were subjected to fusion w SP2/0-Ag14 myeloma cells ( CC
1581), using polyethylene glycol for fusion, and w e cultured in
hypoxanthine- mopterin-thymidine medium at 37C in atmosphere o 10% CO2,
according toyIe protocol for producing monoclonal antibodies in Current P
s tocols in Immunology (22). The resulting hybridomas were evaluated by
ELISA test  er 14 days, usin he purified recombining protein as antigen,
according to what is de ribed below. The best hybridomas were subjected to
cloning, with selection of the best c nes by EL $A and these latter being
stored in liquid nitrogen. e5. nzym immunoassay - ELISA:  axisorb 98-well
plastic plates were sensitized with 500 nanograins/ ell of reco bining
protein (PBP2a fragment) in carbonate/bicarbonate buffer and in ubated at
4C fo the whole night. In the following day, the plates were washed thre
tunes with PBS con thing 0.05% of Tween 20 and blocked in PBS and 5%
slcinune ilk for two hours at 3 C. The samples to be analyzed (serum of
immunized am als diluted at 1:100 or ce culture supernatants) and
incubated for 2 hours at 37C were used. The plate was was ed three times
with PBS and Tween 20 (0.05%) aga , and the anti-Ig conjugate (anti- 'ouse
HRP Ig SIGMA A 0412) was added at 1:500 dilution, followed by incubation
at 7C for 90 minutes. After this period, the ph e was washed three times
with PBS .  Tween 20 (0.05%), with addition of r B peroxidase color
developer (BioRad) Id incubation for 15 minutes protected rom light. The
reaction was interrupted by add]: 'on of 0.5 N H2SO4, and the reading as
performed at 450 nm. A 1:200 diluted hyperim une polyclonal serum was used
positive control.  5.1. Avidity assays based o i enzyme immunoassay
5.1.1. Avidity assay with urea iederhouser et aL 5.1):   The protocol is
similar to the imrn noassay one 5), with the following modifications:
after the sample incubation (100 ng o clone 10 purified monoclonal
antibody and 2.0 ng of clone 38 purified monoclonal an ody) or two hours
at 37C, the samples were subjected to three washings with 8 M urea 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 co rol. After the reading of sample optical densities, the
avidity rate was calculate. of the atio of the reading with urea divided
by the reading without urea, multiplied b 100 (perc tile result). 5.1.2.
Avidity assay with ammoni m thiocyanate oldblat et al. - 5.2) The protocol
is similar to theunoassay one (5)h the following modifications: after the
sample incubation ( 00 ng of clone 10 purified onoclona1 antibody and 2.0
ng of clone 38 purified mo clonal antibody) for two hour at 37C, the
samples were subjected to treatment wi ammonium thiocyanate for 31 minutes
at 37C in the following concentrations: M; 1.5 M; 1.0 M; 0.75 M; 0.50 M;
0.25 M; and 0.125 M. A sample non-treated wi ammonium thiocyanate was used
as con el for each clone.   After the reading o sample optical densities,
the avidity rate s calculated by the following formula: .1' (avidity rate)
= [(log 50 - log A) x (B - A)/l. B - log Al + A; where log 50 = 1.71. A is
the lowest ammonium thiocyanate concen :tion that results in an absorbance
eduction lower than 50%, and B is the highest ammorn thiocyanate
concentration t results in an absorbance reduction higher than 50%.  6.
Monoclo al antibody production and purification:   As. le of previously
selected clones 10 and 38 was grown in a serumless tn  um (GIBCO VP-SFM)
with addition of 1% BSA in 100-mL vials in a stove h atmo 'here of 10%
CO2. The supernatants were subjected to centrifugation, follow by
filtration in 0.22-micrometer filters and purified in high performance c
omatography (HPLC) with SelectSure protein A MAB resin (GE). The
antibodies 8  re neutralized at pH 7.0 with 1 M Tris, p14 10.0, dialyzed
against PBS 0 x in dcii nized water. The samples were subjected to
lyophilization process, resuspe ded in deio *zed water, quantified by the
Lowry method, and evaluated by electrop esis in polyac lamide gel.  7.
Target ecognition: 7.1. In vitro :P2a recognition - immunoblotting: A MRSA
(CE a vancomycin-resi co/i strain were gro and lysed by agitation 3 times
for 30 seconds. 12% denaturing polyac transferred to a nylon me under mild
agitation for two h BSA (bovine serum albumin). Tween 20 (0.05%) and three
tim two hours, with supernatant of an ..-PBP2a monoc ratio. After the
incubation, the mem ane was w alkaline phosphatase conjugate (murin
anti-Ig ratio and incubated for ninety minute kite performed again, and
the development phosphatase (Promega) was performed. 7.2. PBP2a
recognition at the bacteria ii surf. e flow cytometry: A MRSA (CEB) strain
was groin station(ON) or exponential phase. The samples were washed in PBS
lxresuspended at D0600 of 0.6 (-108 bacteria/mL). These latter were
centrifuged in 1 rnL (108 bacteria)resuspended in 0.5% BSA and a 1:10
dilution of normal serum murine/human). Then, e samples were incubated for
30 min at 4C, and later, the oncentrates (pellets) were ashed 2 times in
PBS and resuspended in 100 microlite s of PBS containing 0.5% BS and a
1:10,000 dilution of anti-PBP2a monoclonal ani sody and incubated for 30
minu at 4C. After this step, the samples were washe as previously again
and resuspende in 100 microliters of PBS and 0.5% BSA d a dilution
(1:1000) of PE (phycoer 'n) mouse anti-Ig conjugate, later beinincubated
at dark for 30 min at 4C. The the samples were washed again and fixated
for 15 minutes at 4C in PB containing 2% paraformaldehyde. After this
preparation, the samples were anal ed in a flow cytometer (Bector and
Dickinson - FACScalibur). 8. In vitro pr ection assays - determination of
minimum inhibitory cone ration:   MSRA Sains (CEB, Iberian, COL, and CA)
were grown in exponential pha up to 600 run f optical density equal to
0.5. The applied inoculum was adjust- for contai g approximately 100,000
bacteria. Muller Hinton broth, bacterial inocu and grbwing amounts of
purified anti-PBP2a monoclonal antibody were added to tt  



bes or 24-cavity plates. The plates or tubes were subjected to incubation
at 37t for 1 hours. After this period, presence or absence of turbidity
was observed the sam'leg. The minimum inhibitory concentration was
considered as the lower tibody amo t able to inhibit the bacterial
inoculum growth (100,000 bacteria).  9. In vivi rotection assays: 9.1.
Determi ation of lethal dose and LD50 for IVIRSA strains.   The determin
ion of lethal dose and LD50 were performed ac rding to the ReedMuench
method ( ) for MRSA strains (CEB, Iberian, WB79 and COL). Groups of 8-week
female B lb/C mice were inoculated by intraperito eal route with growing
bacteria doses and obs ed for 7 days. The animals that surf ed after this
period were subjected to euthanasia, ccording to the established animal
elfare rules. 9.2. Systemic infection an u acterial renal quantifica on
assays.   MRSA strains (CEB, lbef and WB79 CA) ere grown in exponential
phase (D0600 -0.6), washed and resusp ded in sterile PIS lx at D0600 -0.5,
corresponding to approximately 2 x 108 bacteria. his concen ation was
calculated by dilution and seeding on B111 agar plates containin 10 micn
grams of oxacillin/rnL. Female 8-week Balb/C mice received one
intraperiton d se of 400 micrograms of purified antiPBP2a monoclonal
antibody in the firs ay. In the sixth day, the animals were subjected to
euthanasia and the kidneys e aseptically removed. Then, the kidneys were
homogenized in 1 mL of sterile L ia br th and successively diluted in
series of  10. One hundred microliters of each di lion wer eeded on BHI
agar plates containing 10 micrograms/mL of oxacillin and cubated for 4
hours at 37C, with a count of resulting colonies and calculations e total
dilutions b g performed.    MRSA strains were groin the same previously
des ibed conditions, but an inoculum adjustment was performed for the
previously estab 'shed LD50. Female 8- week Balb/C mice receiv d one
intraperitoneal dose of 500 micro ams of purified antiPBP2a monoclonal an
..dy in the first day. In the following day, "ese animals plus a control
group were ected with one dose of about 2.5 to 6.0 108 bacteria by
intraperitoneal rou according to the LD50 of each strain. The animal were
observed for 10 days, with /e survivors being subjected to euthanasia. 10.
Compart4e in vivo protection study of anti-PBP2a monoclonal an ody and
vancomyci - renal quantification: Assay I    Fo groups of female 8-week
Balb/C mice (4 animals per group) received infe five dose of 6.0 x IC
bacteria (CEB-MRSA) by intraperitoneal route. The animals re,deived doses
of purified monoclonal antibody (MAD), vancomycin, MAB + tncomycin, and
negative control, according to the groups below:    This assay was p
formed in the same way as the previous  e, but, with a lower infective
dose (7.0 x 1 0 bacteria), with the group 1 being trea d with 500
micrograms of purified monoclon antibody; group 2 being treated with
vancomycin (150 micrograms, intramusculroute, 12/12 hours; 5 doses); roup
3 being treated with vancomycin + 500 micro s of monoclonal antibody and
group 4 being control (non-treated animals). 11. Identification
complementa *ty-determining rcons (CDRs) of light and heavy chains of the
anti-PBP2a monoclo al antibody 11.1. mRNA extraction from hybrido a cells
A 10-mL centrifiigate (pellet) of a cel ulture of monoclonal
antibody-producing hybridoma was processed for mRNA extra on using the
RNeasy Minilcit kit (Qiagen). 11.2. cDNA obtainment Reverse transcriptase
reaction:-MLV revers transcriptase kit (Invitrogen) was used for obtaining
complementary INA, following th anufacturing guidelines. 11.3.
Amplification of VII a VL chains by polytneras chain reaction (PCR) The
reactions were perfo ed using the starter sequences i imers) below. SEQ
II) NO. Sequence Use  FOR HEAVY CHAIN  18 5'ATG(GA A(G,
TT(GC)(TG)GG(TC)T(AC)A(AG)CT(GT)G(GA)TT 3' VH   pl fication 19 5'
TG(GA)AATG(GC)A(GC)CTGGT(CT)(TA)T(TC)CTCT 3' V Amp 'fication 20 5'
GATGTGAAGCTTCAGGAGTC 3' VH Amplifica ' n 1 



5' CAGGTGCAGCTGAAGGAGTC 3' VII Amplification  2= 5' CAGGTGCAGCTGAAGCAGTC
3' VH AmpYfication VH plification 23 5' CAGGTTACTCTGAAAGAGTC 3'  24 5
GAGGTCCAGCTOCAACAATCT 3'  H Amplification 25 5' G  GGTCCAGCTGCAGCAGTC 3'
VH Amplification VH Amplification V14 Amplification VH Amplification 26 5'
CAG4 CCAACTGCAGCAGCCT 3'  27 5' GAGGTC  AGCTGOTGGAGTC 3'  28 5' GATGTGAAk
TTGGAAGTGTC 3'  29 (gamma 1) 5' TGGACAGGGA CCAGAGTTCCAGGT r ACT 3' VH
Amplification  FOR L GHT CHAI  30 5' GACATTGTGATGACAGTCT VL Amplification
31 5' GATG1111GATGACCC    IP3' VL Amplification 32 5' GATATTGTGATAACCCA t
3 VL Amplification VL 



Amplification 33 5' GACATTGTGCTGACC IPAATCT '  34 5' GATATTGTGCTAA4 CAGTCT
3' VL Amplification 35 5' GATATCCAGAT  ACACAGACT 3 ' VL Amplification 36
5' GACATCCAG r TGACTCAGTCT 3' VL Amplification 37 5' CAAATTG r
CTCACCCAGTCT 3' VL Amplification VL Amplification L plification 38
5'CAGGCTTGTGACTCAGGAA 3'  39 (kappa 18) 5' TAC: GTTGGTGCAGCATC 3'   11.4.
Segue mg of light and heavy chains of anti-PBP2a monoclona antibo Sequene
g Steps: I. AmxIiftcation   The obtained Dsequences were analyzed with the
aid of D were translated to . ma acid sequences (ExPASy site - Tr analysis
by Kabat's (.4) and Chotia's (25) algorithms for heavy chain CDRs.  12.
Determination of as ciation and dissociatio i constants for monoclonal
antibodies (clones 10 and 8 by surface plasmo resonance [SPRI [Biacore]
method)  SPR measurements were perform d using a C -5 sensor in a
Biacore(Biacore AB, Uppsala, Sweden) device. Bindi reagent and HBS-EP
buffers (10 rnM hepes, 150 mM NaCl, 3 mM EDTA, 0.005% b 0 [T een 0, pH
7.4]) were acquired with the company GE Healthcare. Example 2 1.
Obtainment of murine anti-PBP2a ii onoclo 1 antibodies:    Clod 



hybr. omas Total number of clones Positive clones (ELISA) Positive clones
(immunohlotting) Selecte clones 77 70 2 1 (clone 38) 1 68 108 10 1 (clone
10) 1  7 91 Zero  /- 2 \ 17 101 Zero -  0 48 2 Zero   418 14 2     From
the selected clones, clone 77-38 was subjected to redo sng process for
verifying the 11 stability for secreting monoclonal antibodies. Fro the 50
analyzed cavities, all pres, ted positive result by ELISA test. These
clone e expanded and are stocked in liquid larogen at LATAM (Laboratory of
monoclonal antibody technology) facilities. 2. Growth, production, nd
purification of monoclonal an bodies:   The process was stand are zed
according to what w previously described. The obtained output is
approximat y 4 milligrams of mo clonal antibody for every 100 mL of
supernatant subjected to e purification pro ss. The obtained results can
be seen below. 



In Figure 2, we can see a polyacry'de gel wi raw samples and after
purification. This Figure 2 shows the non-denaturi polyac ;lamide gel with
supernatant samples before (column 1) and after purificatio (2)  HPLC
column with MAb SelectSure resin. Columns 3 to 9 correspond to ob nd
purified sample fractions. The arrow indicates the approximate size of 150
IcDa.   In order to investigate the cap pathogen (PBP2a and similar se
bacteria presenting PBP2a (C Staphylococcus aureus) str Enterococcus sp.
strain (pre lactam antibiotics (homol recombinant protein was the antibody
was able t kDa in MRSA and E PBP5, respectively. methicillin-sensiti co/i
strain. The MSSA).   The result f the immtmoblotting test of MRSA and MSSA
lysates against he supernatant ontaining anti-PBP2a monoclonal antibodies
is shown in Figure 3.  1. - molec ar weight marker (Kaleidoscope);  2. -
MSS s sample grown in exponential phase; 3 and 4 - MRSA sample grown in
exponential phase; 5. -SA sample grown in stationary phase (overnight);
and / 6 7. - MRSA samples grown in stationary phase. The left arrow
indicates PBP2a m ecular weight.    The  Jective of the flow cytometry
test is to validate the capacity or target recognitio on the bacterium in
its native form by the monoclonal antibody previous tests (imm  blotting),
we observed the target recognition on proteins bjected to a denaturation
cess, which occurs during the protein separation by eli ctrophoresis in
denaturing poi crylamide gel. Again, we analyze a negative contn strain
(MSSA, PBP2a-negative) d a MRSA strain (CEB) grown in exponential an
stationary phases. The obtained resu s show that the antibody is able to
recogni e the target on the bacterial surface in oth conditions. The
presence of protein s on Staphylococcus surface was not able to inhibit
the antibody binding with PBP a. The obtained results can be seen in
Figure 4.   Figure 4 shows the re Its of the flow cytometry of I' SA (CEB)
and MSSA bacteria incubated with ti-PBP2a monoclonal body and marked with
phycoerythrin (PE). In (1), M A bacteria; in (2), MRSt grown in stationary
phase; in (3), MRSA grown in expone al phase. MRSA p tulations present a
right shift, corresponding to an increase in m ked cells by the ft
orescent conjugate. 4. Evaluation of protection confer re, by anti-P 2a
monoclonal antibody: 4.1. In vitro protection tests Determination of
minimum inhibitory co ntration (MIC)  4.2.1. Determination of ethal and
sublethal doses for EB, Iberian, WB79 CA, and COL MRSA strains: These
assays were necessorder that the in v two used models - the renal qu
tification by suble after systemic infection with a larg inoculum of ha
50% of the animals (LD50). The chosen rou administration facility and the
abse e of loss method was used for conducting the as ay, wi bacterial dose
in growing concentrations) sr cl, three different doses were tested, once
we doses for Staphylococcus aureus. COL M genome sequenced, is used as
reference s showed to be little virulent, needing high clones to cause
infection in animals. The efore, it  4.2.2. Renal protection assays after
ystemic infectio with sublethal dose   Using a renal quantification mo. el
after infection, these says enable to evaluate the antibody capacity to
reduce the resence of bacteria in vi organs (kidneys) after a systemic
infection. A reductiol higher than 3 log (1000 tim ) was reached in three
independent assays with vim]. t MRSA strains from differentetic
backgrounds. In these assays, the animals rec wed a previous dose of 500
micro!s of antibody. The protection conferred by a 1.wer antibody dose
(250 micrograms)evaluated in the assay with CA-MRSA str n, where a
bacterial reduction was also o .erved, but lower than the one obtained wi
4 the 500-microgram dose. The results can be een in Figures 6A, 6B, and
6C. Figure 6A showsresults of renal quantification in animals treated an.
on-treated with anti-PBP2a monoclonal antibody and subjected to systemic
infectiv i with a sublethal dose of A CEB strain. In horizontal stripes:
log of concent tion of bacteria isolated  om the kidneys of each
non-treated animal. In checkered patte : log of quantity of acteria
isolated from the kidneys of each animal treated wi the antibody. Bact al
quantification: controls: Cl: 2000 bacteria; C2: 29,000 bacteria; 1/43:
220,000 bac ria; C4: 52,000 bacteria (mean of 75,750 bacteria). Treated
(protecte animals: P1  20 bacteria; P2, P3, and P4: 10 bacteria (mean of
12.5 bacteria). Reduction in the qu tity of bacteria recovered from
treated animals in relation to non-treated ones: 60 times.     H.7B shows
the survival curve of treated (protected) and non-treated (co1) animals C
er infection by a dose of 4.2 x 108 bacteria (Iberian MRSA) administe d by
intraperfto al route (--LDso).   Figure 7 hows the survival curve of
treated (protected) and non-treated control) animals after ection by a
dose of 1.1 x 109 bacteria (WB79 CA-MRSA) a. nistered by intraperitone
route (--LD50).       Comparativ study on protection conferred by
monoclonal a i ibody versus vancomycin   As vancomycin is a 1'st choice
antimicrobial for treatment of s vere infections by MRSA, a comparative
stu, on protection was conducted in a mo el different from the previous
ones. In this stud the animals were infected and the administration of the
antimicrobial or monoclonal tibodies was started just after'our hours of
infection. The study was conducted with ee distinct groups: one treate
with vancomycin, other treated with monoclonal antibodi and a third one
with sim taneous administration of antimicrobial + antibodies. Vanco cm n
doses were adjust-' and administered in a way similar to the cases of
infections in h ans (500 mg every 2 hours).   The obtained results
indicated that k ere was a redu on of around 15 times in the quantity of
bacteria present in the ys of anim s treated with antimicrobial or
antibodies three days after the infection. .wever, a eduction of 4,617
times was seen in the group that received treatment with an. icrobs 1 and
antibodies. Based on these results, we can concludeth protection conferred
by an antibody dose corresponded to five vancomycin dosesthat the
simultaneous administration of vancomycin and antibodies was very
effieereducing the bacterial load observed in the kidneys of infected
animals. This study was epeated with a little lower infective dose in
order that we could better obse ve the rotective action of anti-MRSA
monoclonal antibodies both isolated and ' associatis with vancomycin (See
figures 8).   After the conduction of the second ...say with a lowe
infective dose, the obtained results confirmed the initial results. he
protection confe ed by the treatment with monoclonal antibody caused a
red1 ction of 89 times, wh'ch was higher than the protection obtained with
the treattn t with 5 vancomycin dose (reduction of 35 times). However, the
most significant r duction result was seen in e group treated with
antibody + vancomycin, causing reduction of 450 times.   Figure 8A shows
the bacteri.t quantification in kidneys of anima treated with antiPBP2a
monoclonal antibody vancomycin, and association of antibo. + vancomycin
and in non-treated animals fter infection with 6.0 x 107 bacteria (CE
MRSA). The treatment beginning hap Dened 4 hours after the infection. Van.
etnycin was administered every 12 ours (5 doses). Bars I, 2, 3, 4, and 5
(das tg): log of concentration of bacter recovered from non-treated
animals (controls). Cl: 000,000; C2: 295,000; C3: 381,000; C4: 3,200,000
(mean: 2,718,750 bacteria). Bars 6, 7, 8, 9, and 10 (checkered attem): log
of concentration of bacteria recovered from .i als treated with 400 of
anti-PBP2a monoclonal antibody. P1: 4,200; P2: 310,001, P3: 330,000; P4:
90,110 (mean of 183,550 bacteria). Bars 11, 12, 13, 14, and 15 (spher: ):
animals treated ith vancomycin. PI: 110,000; P2: 58,000; P3: 500,000; P4:
21,01 (mean of 17 ,250 bacteria). Bars 16, 17, 18, 19, and 290
(triangles): log o 



concen rtion of bacteria recovered from animals treated with antibod (300
fig) + vancomyPI: 1,100; P2: 700; P3: 450; P4:90 (mean of 585 bacteria).
Figure 8 shows the bacterial quantification in kidneys of animals eated
with antiPBP2a mono lonal antibody (bars 7 to 12), vancomycin (bars 13
18), antibody + vancomycinociation (19 to 24) and of non-treated animals
an 1 to 6) after infection with 'ii x 106 bacteria (CEB MRSA). Treatment
beg in 4 hours after infection. Vancom cin administered every 12 hours (5
doses Bars 1 to 6: log of concentration of bac ria recovered from
non-treated animals (controls). Cl: 6,000; C2: 1,000; C3: 500; C4: 1
8,000; and C5: 1,000 (mean: 25,220 bacteria). Bars 7 to 12: log of
concentration of bac a recovered from animals treated ith 500 fig of
anti-PBP2a monoclonal antibody. M : 450; MB2: 200; MB3: 100; 4: 20; MB5:
zero (mean of 284 bacteria). Bars 13 to 1 : animals treated with vane
mycin. VC1: 100; VC2: 700; VC3: zero; VC4: zero; VC : 2800 (mean of 720 b
cteria). Bars 19 to 24: log of concentration of bacteria reco ered from
animals i ated with antibody (500 jig) + vancomycin. MBV1: 130; MB  20;
MBV3: 10; BV4: 80; MBV5: 20 (mean of 56 bacteria). 5. Avidity assays
Results of the avidity tests ofmonoclond tibodies clones 10 and 38:  Urea
protocol avidity: clone 10: 1.03/1.46 (reading DOs with/ clone 38:
1.00/1.21 = 82.6%  Ammonium thiocyanate protocol a ity: Clone 10 (D0s):
Control: 1.12 Thiocyanate-treated samples: 2 M = 0.046; 1.5 M = 0,047; M =
0.107; 0.75 M 0.48 0.5 M = 0.602; 0.375 M = 0.684 Avidity rate: 2.47 Clone
38 (D0s): Control: 1.22 Thiocyanate-treated s ples: 2 M = 0.056; 1.5 M
0.062; 1 M = 0.129; 035 M = 0.648; 0.5 M = .758; 0.375 M = 0.793 Avidity
rate: 4.40   It is seen th the avidity rates of clone 38 were higher than
the ones of one 10 in both assays. urthermore, it is verified that,
according to both protocol it was necessary to se 50 times more antibody
from clone 10 than from clone 38 in  der to reach a DO close to 1.0.
Tresults obtained by SPR method confirmed the preliminary results of ant
ody avidit where clone 38 showed results higher than the ones of clone 10
again. Accord' to the data seen in Table II, we see that clone 38 shows
affinity 440 times higher the clone 10 one.   This affi "ty is mainly due
to its higher association rate, which is abou 100 times higher than th
clone 10 one. Due to the very high affinity of clone 38, Its measures
present param ers close to the equipment detection threshold. Yet due to
the care in trial planning d conduction, we obtained an excellent adjustm
nt for trial data using Langmuir' s del, which indicates that the obtained
data are r liable.   Figure 9 shows  e interaction between recombinant P
2a (antigen) and monoclonal antibodies lone 38 (Figure 9A) and clone 10
(Fig 9B). Smoky dashing curves represent SPR da in the concentrations
according to 6 right key. All samples were analyzed in duplicate, and the
1:1 Langmuir's theoretic .1 model for each curve is shown in black under
each  e. Response units are repr sented in the vertical axis, and time is
represented in the orizontal line in seconds e closest lines referring to
the horizontal axis represent the 4: eline for each sampl (negative
control).    Dissociation and interaction constan betwee antigen (PBP2a)
and monoclonal antibodies clones 10 and 38.  ka ovi-is-i) ka (11) KD (aM)
Clone 10 4.42 x 103  5.7 ii x 10 5.63 x 26.2   10-7  Clone 38 5.45 x 105
394 3.13 x04  2.11 x 



1-io 5.7 x 10-2  7. Identification of complement ry-determining region
(CDRs) of light and heavy chains of anti-PBP2a monoclo al antibody   After
the mRNA extractio process in the hybridoma cells o e clone producing the
used antibodies (clone 38) cDNA obtainment was performed aril PCR
reactions were performed with this mat 'al for different light and heavy
chain leles. The obtained materials were subject:: to sequencing using the
same starter seq nces (defined by SEQ ID NO.: 18 to SrQ ID NO.: 39) used
in PCR reactions. Light ch. s 391 and heavy chain 310 were ids tified in
three distinct sequencings. Applying th Kabat's and Chotia's algorit , we
obtain the identification of light and heavy chain i DRs, which are the
target of e attached claims. We present e sequences of light and heavy
chain CDRs below.    Further other assays were conducted, p 'Geei ing the
invention development. These are reported below, through examples. Example
3   A second study using CEB MRSA str4 I was cow ucted, following the same
protocol described in Example I, item 7.2, wi adding of tin, pulses of
agitation by vortex, of 15 seconds each one, after each wash g; aiming to
dis-t egate Staphylococcus aureus agglomerates and to increase the q tity
of PBP2a expo d to antibodies.   The markers FITC (fluorescein
sothiocyanate) and PE  hycoerythrin) were tested, with control samples (i.
pure bac Hum, without contact wi monoclonal antibody; and ii. pure
bacterium plus FITC o PE marker) and the sample eated with monoclonal
antibody and subjected to m.  g with PE or FITC being an zed. The readings
in FACsalibur device were performed in linear mode.   Figure 10 is a graph
of alysis by flow cytometry of MRSA s  des in presence of FITC-marked
anti-PBP2a tibody. Curve (x) corresponds to non-ma ked sample, and curve
(y) corresponds to arked sample.   The obtained results showed that about
22% of marked population w detected by the device, confi the recognition
of the target (PBP2a) present on uc bacterial surface by anti-PBP a
antibodies (Figure 10). Example 4    The inventors still surveyed the
protection conferred by anti-PBP2a monocl al antibody ft om
methicillin-resistant Staphylococcus aureus against enterococc According o
what was already previously mentioned here, the antibody recognizes
proteins esent in Enterococcus sp. strains, probably PBP5 - a
transpeptidase with low affinity or beta-lactams, present in all
enterococcus strains, with molecular weight of 21  approxi ately 76 lcDa
(237 amino acids). This enzyme presents homology refe mg to PBP2a of RSA,
according to alignment (ClustalW) related below:
MERSNRNKKSSKNPLILGVSALVLIAAAVGGYEAYSQWQAKQELAEAKKTAT FLNVLSK 60
KHGKNRTGAYIAG--AVILIAAAGGGYFYYQHYQETQAVEAGEKTV OFVQALNK 53
MKKIKIVPLILIVVVVGFGIYFYASKDKEINNTIDAIE B I FKQVYKD 48 --
DKLPSVVQEASLICKNGYDTKSVVEKYQAIESGIQAEGVKASDVQKDNQYTFTY 120 GD
KAAEMTSKKAANKSALSEKEILDKYQNIEGAADVKGLQISNL DKKDDSTYSFSY 113 SSY
ISKSDNGEVEMTERPIKIENSLGVKDINIQD, I KVSKNKERVDA 97 , KLSMSTP
EMKDLSYQSSIAKKGDTYQIAWKPSLIFPDMSG KISIQVDNAKRGEIVD 180 KAKMNTSL
LKDLSYKGTLDRNDGQTTINWQPNLVFPEMEt DKVSLTTQEAARGNIID 173 QYKIKTNYG
DRN-VQFNEVKEDGMWKLDWOHSVIIPGM, DQSIHIENLKSERGKILD 156 .:.**:::*..:::*:
RNGSGLAINKVFD VGVVPGKLGSGAEKTANIKAFSD VSVDEIN---OKLSQGWVQA 237
RNGEPLATTGKLKQ VVPSKLGDGDEKTANIKAIA SFDLTEDAIN---QAISQSWVQP 230
RNNVELANTGTHMRL VPKNVSKKDYKAIv LSISEDYINNKWIKIGYKMIPS 211 **.** *:.
DSFVPITVASEPVTELPT AATKDTESRYY GEACAINR-VYGTITAEDIEKN--PE 292
DYFVPLKIIDGATPELPAG- TIQEVOGRY LGEAAAQLIGYVGDITAEDIDKN--PE 286
FHEKTVICKMDEYLSDFAKKFH,TTNETESR PLEKATSHLLGYVGPINSEELKQKEYKG 271 * :**
*.:*:: . LSSTGVIGKTGLERAFDKELRGQDILDDK-ENVKKALQTKEKKDGQTIKLTIDSG 351
LSSNGKIGRSGLEMAFDKDLRGTTGITDAD-GVEKKVLIEHEVONGKDIKLTIDAK 345
YKDDAVIGKKGLEKLYDKKLQHEDG TIVDDNSNTIAHTLIEKKKKDGKDIQLTIDAK 331 .
**:.***:**.*:* .:.*::*: *:****:  DL LATV PSYDPNKMANGISQKEYDAYNNEKDLPF 411
GDL LALAS SYDPNKMTNGISQEDYKSYEENPEQPF 405 TGEL LALVST
YDVYPFMYGMSNEEYNKLTSDKKEPL 391 :.*:** * .*:*:*:*:::*.. *: 



TARFATGYARGSTERII ISRFATGYAPGSAAIGLONGTIDNEVLTIN
IGLDAGTLKPDEELEIPGLKWQKDKSWGGYFATRVKEAS- 470
KKQKDSSWGSYQVTRVSDVS- 464 TAMIGLNNKTLDDKTSYKIDG WQKDKSWGGYNVTRYEVVNG 451
LNKFQITTSPGSTQK PVNLRTALVNSD YFAQQTLRMGEDKFRAGLNKFIFGEELD
PIAMTPAQISNEDKFNS 530 QVDLKTALIYSD IYTAQETLKMGEKKFRIGLOKFIFGEDLDL
ISMNPAQISNEDSFNS 524 NIDLKQAIESS NIFFARVALELGSKKFEKGMKKLGVGEDIPSD
PFYNAQISNKN-LDN 510 ::*: *: *: *: :*.:*..**. *:.*: .**:: EILLADTG
GQGQLLISPIQQATMYSVFQNNGTLVYPKLVLDKETKK- DNv/SANAANT 589 DILLADT
YGOGELLINPIQQAAMYSVFANNGTLVYPICLIADKETKD- VIGETALQT 583 EILLAD
GYGQGEILINPVQILSIYSALENNGNINAPHLLKDTKNKVWK IISKENINL 570 :**
****::**.*:*::**.: ***.:*:*: *.:.*
IATALLGSVEDPSGYVYNMYNPNESLAAKTGTAEIKDKQDTDGKENSFLLTLD NNKFL 649 V
DLREVVQDVNGTAHSLSAIGIPLAAKTGTAEIKEKQDVKGKENSFLFAFNIDD QGYM 643 L
DGMQQVVN--KTHKEDIERSYANLIGKSGTAELKMKQGESGRQIGWFISYDKD NMM 628 *: *
.*:****:* **. .*:: .: . TMIMVENSGENGSATDISKPLIDYLEATIK 679
MVSMLENKEDDDSATKRASELLQYLNQNYQ 673
MAINVKDVQDKGMASYNAKISGKVYDELYENGNKKYDIDE 668    Thus, in vitro p otection
assays, determination of lethal dose and L Pso, and in vivo assays
(sublethal do .e with renal quantification and survival assay th lethal
dose) with an enterococc strain in murine model (Balb/C mice) wire
conducted, as previously conducted ith MRSA. These results can be seen the
corresponding reports. 1.1. In vitro protection assa The objective of this
assayto evaluate the in vitro irotection conferred by the antibody against
VRE enterococcu strain. In vitro protection test (MIclone 38ified
monoclonal antibody (90/DA5/CB5/AA3 Mb 77) against s terococcusclinical
strain (VRE), Richet laboratory. Conditions: Sample: purified from
supernatant by , SelecSure MAB resin, dialysed, lyophilized. Antibody
quantification (Lowry's method): 3 Inoculum: VRE strain Pre-inoculum: 1
VRE colony in 20 nil, Li and vanco ycin (10 mg/mL), ON 37C, 160 rpm
Inoculum: 400 mL of pre-inoculum in 0 mL Lb, 200-mL rlenmayer, 37C, 160
rpm DOsoonin reading after 7 hours: 0.7 Quantification: 5.5 x 108
bacteria/ Test conditions: Inoculum: 5.5 x 105 bacteria Antibody
concentrations: 300  10, 500, 600, and 700 mg of antibo y Culture medium:
I rnL of Luf. broth Cell culture plate, 24 cavitie Positive control. Luria
bro + bacterial inoculum Negative control: Luria b oth Incubation: 18
hours, 3 C   Figure 11 shows e result of the evaluation of the protection
conferre by the antibody. In Figure 1, we have: A. 300 mg of body B. 400
mg of tibody C. 500 mg o antibody D. 600 mg f antibody E. Negati e control
F. Positi e control 23  1.2. LD50 and lethal dose determination by
intraperitoneal route - ancomycinresistant E erococcus faecium Protocol:
Female 7-week I b/C animals, mean weight of 20 grams Day 01 - pre-inoc um:
1 VRE strain colony in 10 mL of Lb broth d vancomycin (10 mg/mL), 50-mL Fa
'  w tube, growth ON 37C, 160 rpm Day 02 - inoculum: 1 I of pre-inoculum
in 50 mL of Lb broth/ ancomycin (250-mL erlenmayer) -4 vials, 3 C, 160
rpm, growth until OD000nm = 0.8 centrifugation for 10 min, 000 rpm,
resuspension in PBS lx st rile, OD 1.2 Quantification: 2.1 x 108 b
cteria/mL 



A. 60 microliters (1.5 x 107) B. 300 microliters (6.5 x 107) C. 900
microliters (reduced to 311 microliters/dose) (1.5 x 08) D. 4.5 mL
(reduced to 300 microli -rs/dose) (6.5 x 108) E. 9.0 mL (1.2 x 109
bacteria) (reduto 300 microlite /dose) F. 45.0 mL (6.5 x 109 bacteria)
reduce to 300 tnicroli s/dose) The animal observation was performe om day
2 to the tenth day of the assay.   The result is shown in Figure 12, and
it cone ded that the lethal dose is 1.2 x 109 bacteria and LD50 is 6.5 x
108 bacteria.  Renal quantification of animals surviving A (1.5 x 107): no
bacterial growth B (6.5 x 107): no bacterial growth C (1.5 x 108): 3100
bacteria D (6.5 x 105:2.8 x 104 bacteria  1.3. In vivo protection test -
surv* at test - lethalse, systemic infection by intraperitoneal route in
murine mo el    The objective of this assay was evaluate the efficacy of
in 'vo protection for antiPBP2a monoclonal antibody ag st systemic
infection with leth dose, Enterococcus faecium (VRE) strain.  1. Antibody
(purified from s ematant of the cell culture in medium h serum) - Dialysed
and lyophilizedified sample (HPLC SelecSure MAB), re uspended and filtered
before use. - Quantification (Lowry's ethod): 1.0 mg/mL  2. Murine model:
femal , 8-week Balb/C animals, weigh from 23 to 25 grams  3. Protocol:
group A (6 animals):  0 mg of antibody (350 mg + 300 mg) group B (6
animals): ontrol (saline administration)  4. Preparation of u cterial
inoculum: VRE strain:   pre-in. ulum, day 01, 10 mL of BM broth and
vancomycin at 10 mg/mL  , 37C, 160 rpm inoculum,  ay 03: 300 niL of
pre-inoculum in 30 mL of BM and vancomy. n, D0600 of 1.31, centri ged for
10 mm, 4,000 rpm, resuspended in sterile PBS 0.5x adjustment at OD = 1.10,
d utions and plates for quantification (2.0 x 108 bacteria/m noculum: 12
mL, centrifuga resuspended in 300 mL, IP route (-2.2 x 109 bacteria) Time
schedule: Day 01: IP inocula 'on of antibody (350 mg) Day 02: IP inocula n
of antibody (300 mg), systemic infection n the afternoon (IP, 250 mL of
bacterial so ution -2.2 x 109 bacteria) Day 02 to Day 13: anim
observation.   The results are shown n Figure 13. Only 2 treated animals
died (66.6% of protection). All control anima s died in the second day.
1.4. In vivo protection test - sy tonic infection by in aperitoneal route
in murine model with vancomycin-resistanterococcus face' m   The objective
was to evaluate the i vivo protect efficacy of anti-PBP2a and PBP5
monoclonal antibody from enterococa against s temic infection, E. faecium
(VRE) strain. Test:  1. Antibody (purified from supernatant of th 11
culture in medium with serum) - Dialysed, lyophilized, and resuspenI
urified sample (AffiPrep ProteinA Biorad/HPLC SelecSure MAB). -
Quantification (Lowry's method): 1.5 g/mL  2. Murine model: female, 8-week
Bal. C animals, w h from 19 to 23 grams  3. Protocol: group A (4 animals):
500 microgr:  of antibody (in 2 m ths, d01, d02) group B (4 animals):
non-protecte. control  4. Preparation of bacterial inocalum: Iberian MRSA
strain: pre-inoculum, 10 mL of Lb bri h ON, 37C, 120 rpm inoculum: 200
microliters o pre-inoculum in 20 mL of Lb, D060 of 0.80, centrifuged for
10 min, 4,000 rpm, re uspended in sterile PBS 0.5x, adjus nt at OD = 0.51,
dilutions and plates for quantification (2.4 x 108 bacteria/mL), inoculum:
500 microliters, IP route (2.4 108 bacteria) Time schedule: Day 01:
inoculation o 250 micrograms of antibody by intraperitoneal route Day 02:
inoculatio of 250 micrograms of antibody by intraperitoneal oute and
systemic infection intraperitoneal, 500 microliters of bacterial solution)
Day 06: euthana 'a, bacterial quantification in kidneys 



Based on th results above, we can highlight that: In vitro pr u ection
assays - determination of minimum inhibitory concentration:      A to of
700 micrograms of antibody is able to block the growth of 5 0,000
bacteria. ese values are higher than the MIC obtained for MRSA strains, w
h were approxima ly 500 micrograms. In vivo protec 'on assays: In vivo
protect in test - systemic infection by intraperitoneal route in urine
model with sublethal dos of vancomycin-resistant Enterococcus faecium.
The animals recei d 500 micrograms of monoclonal antibody, in aperitoneal
route (IP), and were subjec to systemic infection, IF route, with 2.4 10'
bacteria. Four days after, they were s jected to euthanasia and excision
of dneys for bacterial quantification. Treated am als presented a mean of
87.5 bacteria/: 'mal, while controls (non-treated infected animal
presented a mean of 211,000 bac'a/animal. Survival test after lethal dose
ministration    The animals received 650 micro ams of monoclonal tibody
(IP route) and were subjected to systemic infection (IF rote) and daily
obse ed for 10 days. Control (non' treated)animals died until the second
y after the infe on; two of the treated animals (6) died in the second
day; the others re ained alive  til the end of the trial. Survival rate
was 66.6%.    Therefore, once more we have confirmed at showed to confer
cross protection against en conferring protection were higher than the
conditions. This is probably due to the lowe PBP5 with the same efficacy
as PBP2a, which Therefore, the current invention describere   A anti-PBPa
monoclonal antibody ci. However, the doses needed for es used against MRSA
in similar pacity of the antibody to recognize developed for. ti-PBP2a
monoclonal antibodies,  able to specifically bind to PBP2a and hp ologous
equences - has applicability in infections caused by bacteria presentin
this protein similar substances (MRSA, MRSE, and Enterococcus spp., and
any other pathogen 1 has a protein homologous to PBP2a).   It is important
to emphasize that o ce these infections are worldwide problem and the
assays were conducted against t46 main known epidemic SA clones, the
product of the current invention has applic tion in any place where the
are infections by this pathogen.   The documents relative to th state of
the art of knowledge of the ventors, cited in the current descriptive
report, e listed below.  1. KOPP, BJ. NIX DE, ARMSTRONG EP. Clinical and
economi analysis of methicillin-resistant Staphylococcus aureus
infections. The Annals of Photherapy; 38:1377-82. 2004.  2. BOYCE, JM. Are
e epidemiology and microbiology of methicillin- esistant Staphylococcus
aureu changing? JAMA; 279(8):623-4. 1998.  3. HUNT, C; DIO E M, et. al.
Four pediatric deaths from community-acq 'red methicillin-resistan
Staphylococcus aureus in Minnesota and North Dakota, 19 7- 1999. Morbidity
d Mortality weekly report-CDC USA. 48(32):707-10. 1999.   4. 0 ' N, FG;
PEARMAN, JW; GRACEY, M; RILEY, TV. GRUBB, WB. Commu ity strain of
methicillin-resistant Staphylococcus aureus involved in a h pital
outbreak.  mal of Clin Microbiol. 37(9):2858-62. 1999. 5. TENOV   , FC;
LANCASTER, MV; HILL, BC; STEDWARD, CD; ST CKER, SA; HANC  K, GA; et al.
Characterization of staphylococci wiJi reduced susceptibilities
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020-27. 1'18.  6. LUTZ, L; MATS , SB; KUPLICH, N; MACHADO A; BARTH AL
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The current invention refers torn.  ()clonal antibodies ble to recognize
and bind to PBP2a protein and other proteins esenting sequ es homologous
to PBP2a, including the pathogens methicillin- !stint Sta ylococcus aureus
- MRSA, coagu lase-negative Staphylococcus, Stop  coccus cturi,
Enterococcus spp., and any other bacterium possessing PBP2a or segue= ho
ttologous to this protein. 



The invention still refers to the use of mon, nal antibodies able to
recognize and bind to PBP2a protein and other proteins prese : sequences
homologous to PBP2a in a complementary immunodiagnosis for detecti n of
istance to beta-lactams.         1. n isolated monoclonal antibody which
binds to the protein chara terised in that it corn ses in the variable
regions of the light and heavy chain sequences of amino acids selectee
from the groups SEQ ID NO.: 6, SEQ ID NO.: 7, SEQ ID/HO.: 8, SEQ ID NO.:
12, S Q ID NO.: 13, and SEQ ID NO.: 14 or of corresponding 6mino acids at
least 80% identi al to the same.        2. The mo  oclonal antibody
according to Claim 1 chara terised in that the variable regions of e light
chain or heavy chain are coded by sequences of DNA selected from the sequ
ces SEQ ID NO.: 9, SEQ ID NO.: 10, EQ ID NO.: 11, SEQ ID NO.: 15, SEQ ID
NO: 16, and SEQ ID NO.: 17 or correspo ding DNA sequences at least 80%
identical to thee       3. The isolated mono lonal antibody which bind to
the protein PBP5 of Enterococcus spp., characteris" in that it comprises '
the variable light and heavy chain regions sequences of amini acids
selected from e sequences SEQ ID NO.: 6, SEQ ID NO.: 7, SEQ ID NO.: 8, Q
ID NO.: 12,ID NO.: 13, and SEQ ID NO.: 14 or sequences of correspondingo
acids at leas 80% identical to the same.        4. The monoclonal antibody
ace. ding and heavy chain variable regions codeQ b sequences SEQ ID NO.:
9, SEQ ID NO., ID NO.: 16, and SEQ ID NO.: 17 or co identical to the same.
to aim 3 characterised in that the light quences of DNA selected from the
Q ID NO.: 11, SEQ ID NO.: 15, SEQ pontling DNA sequences at least 80%
5. The monoclonal antibody acc ding to laim 1 or 3, characterised in that
it exhibits in the variable region of the lit chain seq noes of amino
acids selected from the sequences SEQ ID No: 6, SE ID No: 7 or EQ ID No: 8
or corresponding sequences of amino acids at least 80% identical to the s
e       6. The monoclonal antibod according to Claim 1 r 3, characterized
in that it exhibits in the variable region  the heavy chain sequenc s of
amino acids selected from the sequences SEQ II No: 12, SEQ ID No: 13 ir
SEQ ID No: 14 or corresponding sequences of  mo acids at least 80%
identical t the same.       7. The monoclon antibody according to Claim 1
or 3, ch acterized in that it exhibits in the variable egion of the light
chain a region CDR1taming sequence SEQ ID No: 6, a regio  CDR2 containing
sequence SEQ ID No: 7 an a regions CDR3 containing sequence EQ ID No: 8 or
corresponding sequences of anti acids at least 80% identical to th same.
8. The w.noclonal antibody according to claim 1 or 3, characterise in that
it exhibits in the variable region of the heavy chain a region CDR1
containing quence SEQ ID NC') : 12, a region CDR2 containing sequence SEQ
ID No: 13 and a gion CDR3 con 'Sig sequence SEQ ID No: 14 or corresponding
sequences of amino ids at least so/0 identical to the same.         9. e
monoclonal antibody according to claim 2 or 4, characterised in t at the
variable re ions of the light chain are codified by DNA sequence selected
u om the sequences S Q ID NO.: 9, SEQ ID NO.: 10 or SEQ ID No: 11 or
correspon g DNA sequences at le t 80% identical to the same.       10. The
nit oclonal antibody according to claim 2 or 4, charact rised in that the
variable regio of the heavy chain are coded by DNA sequenc selected from
sequences SEQ ID15, SEQ ID No: 16 or SEQ ID No: 17 or co esponding DNA
sequences at least 80% sentical to the same.       11. The monoelona
antibody according to claim 2 or 4, haracterised in that the variable
regions of the It ht chain include a region CDR1 c taming sequence SEQ ID
No: 9, a region CDR2 co taining sequence SEQ ID No: 10 and a region CDR3
containing sequence SEQ ID No 11 or corresponding segue es of amino acids
at least 80% identical to the same.       12. The monoclonal antibody
:ccording to dal 2 or 4, characterised in that the variable regions of the
heavy chinclude a re on CDR1 containing sequence SEQ ID No:15, a region
CDR2 containin sequence Q ID No: 16 and a region CDR3 containing sequence
SEQ ID No: 17 or co espond g sequences of amino acids at least 80%
identical to the same.       13. Cancelled.       14. Cancelled.       15.
A method for diagnosis o the resis ce to beta-lactam antibiotics,
characterized in that it comprises the ath ition of an iso a d monoclonal
antibody or its fractions as defined in one of Cid1 to 14 pure o in
association with other substances in a bacterial sample suspected of
contai 'ng PBP2A or proteins homologous to it.        16. A pharmaceutical
co position for the treatment or pre ntion of an infection by bacteria
from Fib o Finnicu s, characterized in that it compris a quantity of the
isolated monoclonal antiboor its functionally equivalent fraeti s as
defined in Claims 1 to 14 and a pharms eutical vehicle, carrier or
excipient.         17. A method fo treating or preventing an infection by
a bacterifrom Fibo Firmicutes, characteris in that it comprises the
administration to a hum patient or animal of a quantity or isolated
monoclonal antibody as defined in Claims 1 to 4.  MONOCLONAL ANTIBODIES
FOR PBP2-a PROTEIN AND HOMOLOGOUS SEQUENCES FOR TREATMENT OF INFECTIONS
AND INIMUNODIAGNOSIS ON BACTERIA FROM PHYLUM FIRMICUTES Invention Field
The current invention refers to monoclonal antibodies able to recognize
and bind to PBP2a protein 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.     The
invention still refers to the use of monoclonal antibodies able to
recognize and bind to  PBP2a protein and other proteins presenting
sequences homologous to PBP2a in a complementary immunodiagnosis for
detection of resistance to beta-lactams.  Invention Rationales
Infections caused by methicillin-resistant Staphylococcus aureus (MRSA)
are a major concern cause for clinicians, presenting mortality and
morbidity rates higher than the ones of infections caused by
methicillin-sensitive Staphylococci (1). Furthermore, these infections
cause longer hospitalization time and higher expense with antimicrobials,
leading to a higher cost in  treatment of patients infected by this
pathogen (1).     Vancomycin has been the first choice antimicrobial for
treatment of infections caused by MRSA. However the growing isolation of
MASA strains in communities in the United States  and Australia (2 3, 4)
together with the identification of MRSA strains with intermediate
resistance to vancomycin in Japan United States (5), and Brazil (6), cause
the current scene to become more severe. The description of MRSA strains
totally resistant to vancomycin in 2004  (7) has caused huge concern in
the medical-scientific community. MRSA now represents a strong candidate
for becoming the fearful "superbug or superbacterium" - a pathogen
resistant to all drugs available nowadays.  



Usually. MRSA prevalence rates (ratio of all infections by S. aureus
caused by MRSA) in hospital infections are gradually increasing in the
last decades. In a study conducted by Jarvis et al., including 1268 ICUs
(intensive care units) in 337 hospitals in the United States, the number
of infections by MRSA in ICUs changed from 660 to 2184 cases and the
prevalence increased  from 35% to 644% (8). In Japan, prevalence rates of
hospital infections (HIs) caused by MRSA  can present worrying values,
from 60% to 90% (9). In studies conducted in the United States, the
percentile changed from 2% in 1974 to 50% in 1997 (10, 11) and, in some
hospitals in the  United States more than 80% of HIs are caused by MRSA
(12). In England, the prevalence increased from 1.5% to 15.2% between 1989
and 1995 and now (2004) the estimate is 41.5%  (13).     Besides high
prevalence rates, especially in teaching and large-sized hospitals MRSA is
deemed as the main _pathogen causing epidemic outbreaks in Brazilian
hospitals (14). In 1986, more than 50% of S. aureus strains with hospital
origin isolated in patients from university  hospitals in Sao Paulo were
resistant to methicillin and, in 1993, the incidence of MRSA in the
Pediatric Hospital of Paulista Medicine School was 70% (15). In a study
conducted in hospitals  in Belo Horizonte Resende et at (16) pointed out a
prevalence of 71% of MRSA.  1  MASA strains present a penicillin-binding
protein with very low affinity for antimicrobials in the beta-lactam
class, such as PBP2a (17). In the presence of this enzyme, which is
codified by gene mecA, the bacterium is successful to synthesize the
peptidoglycan, even in the presence of beta-lactams. This enzyme can be
also found in coagulase-negative Staphylococcus and in Staphylococcus
sciuri - a bacterium present in the normal flora of dogs. Besides
resistance to beta-lactams hospital MRSA strains present resistance to
most other available antimicrobial  classes, with the use of glycopeptides
(vancomycin and teicoplanin) remaining as first choice treatment.     Two
studies using DNA vaccine against PBP2a showed that this protein is
immunogenic and that the obtained immune response was able to confer
protection against MASA in assays  conducted in murine model (18, 19).
However it is known that, in hospital infections most patients are
immunodepressed (20). In this cases a vaccine would not be able to
generate  protective antibodies in due time to control a bacterial
infection.  PBP2a Immunogenicity    PBP2a is a class H multimodular enzyme
according to Goffin and Ghuysen's classification (40). This 76-kilodalton
enzyme is composed by a membrane-binding region, a nontranspeptidase
domain, and a transpeptidase domain, containing a 4-amino acid active core
(STQK) responsible for the bacterial transpeptidation reactions (20 bis
Rvfell, 1990).     State of the art studies with the DNA vaccine against
PBP2a show that the results of bacterial reduction (renal quantification)
in immunized animals subjected to challenge by systemic infection were of
3 to 4 times in the work of Ohwada et al and of 1000 times in the work of
Senna et al. The authors of these studies used the full sequence (except
the membrane fixation region) of the gene mecA and an internal fragment of
transpeptidase domain, respectively.    But, according to what was
mentioned above, a vaccine is not able to generate protective antibodies
in due time to control a bacterial infection. Thus in case of infections
by MRSA the administration of anti-PBP2a monoclonal antibodies is the most
proper therapy for treating these infections.  Invention Summary   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  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 LD NO.: 8 SEQ ID NO.: 9, SEQ
1D NO.: 10,  SEQ ID NO.: 11, SEQ ID NO.: 12, SEQ ID NO.: 13, SEQ ID NO.:
14, SEQ ID NO.: 15, SEQ ID NO.: 16, and SEO ID NO.: 17.  Brief Figure
Description   Figure 1 shows the immunoenzyme test (ELISA) of sera of
animals immunized for producing anti-PBP2a antibodies.    Figure 2 shows
the result of a polyacrylamide gel with raw samples and samples after
purification.    Figure 3 shows the immunoblotting test of MRSA and MSSA
lysates against a supernatant containing anti-PBP2a monoclonal antibodies.
Figure 4 is a representation of flow cytometry results of MRSA (CEB) and
MSSA bacteria, incubated with anti-PBP2a monoclonal antibody and marked
with phycoerythrin (PE).    Figure 5 shows the in vitro protection test
(MIC - minimum inhibitory concentration) conferred by anti-PBP2a purified
monoclonal antibody and vancomycin against an inoculum of different MRSA
strains.    Figure 6A shows renal quantification results in treated and
non-treated animals with the antiPBP2a monoclonal antibody, subjected to
systemic infection with a sublethal dose of MRSA CEB strain.    Figure 6B
shows renal quantification results in treated and non-treated animals with
the antiPBP2a monoclonal antibody, subjected to systemic infection with a
sublethal dose of MRSA Iberian strain (European epidemic clone).    Figure
6C shows renal quantification results in treated and non-treated animals
with the antiPBP2a monoclonal antibody, subjected to systemic infection
with a sublethal dose of WB79  CA-MRSA strain (Brazilian community
strain).    Figure 7A shows the survival curve of treated (protected) and
non-treated (control) animals  after infection by a lethal bacterial dose
(MRSA CEB).    Figure 7B shows the survival curve of treated (protected)
and non-treated (control) animals  after infection by a lethal bacterial
dose (Iberian MRSA).    Figure 7C shows the survival curve of treated
(protected) and non-treated (control) animals after infection by a lethal
bacterial dose (WB79 CA-MRSA).    Figure 8A shows the bacterial
quantification in kidneys of animals treated with anti-PBP2a monoclonal
antibody vancomycin and antibody + vancomycin association and non-treated
animals after infection with bacteria (MRSA CEB).    Figure 88 shows the
bacterial quantification in kidneys of animals treated with anti-PBP2a
monoclonal antibody.    Figures 9 show the interaction between recombining
PBP2a (antigen) and monoclonal  antibodies clone 38 (Figure 9A) and clone
10 (Figure 98).   Figure 10 is a graph of the second analysis by flow
cytometry of MRSA samples in presence  of FITC-marked anti-PBP2a antibody.
Figure 11 shows the result of the in vitro protection conferred by the
antibody against VRE enterococcus strain.  Figure 12 refers to LD50 and
lethal dose for intraperitoneal infection determination.   Figure 13 shows
the efficacy result of in vivo protection of anti-PBP2a and PBP5
monoclonal antibody from enterococci against systemic infection.   Figure
14 shows renal quantification results of the in vivo of the in vivo
protection test - systemic infection by intraperitoneal route in murine
model with vancomycin-resistant Enterococcus faecium.  Detailed Invention
Description    The emergence of infections by bacteria multiresistant to
antimicrobials is presenting an alarming increase. The prevalence of
hospital infections caused by MRSA has increased in all world parts
present high morbidity and cause high cost due to the intensive use of
antimicrobials and to the longer period of patient hospitalization (24).
The treatment based on chemotherapy has been showing signs of exhaustion,
with appearance of very few really novel and efficient drugs in the market
(25).    In this context, passive immunotherapy (re)appears as a promising
alternative, presenting a range of advantageous features compared to
conventional chemotherapy: among them, the lower toxicity, higher plasma
half-life (which facilitates the treatment by dose reduction and  maybe a
lower final treatment cost) and, especially in the case of the product
presented here, selective toxicity, recommended by Paul Ehrlich (where the
drug selectively eliminates the  referred pathogen) (25a). This last
feature is extremely useful to prevent the so called selection pressure
played by broad-spectrum antimicrobials - which provides the appearance of
multiresistant bacteria (26).    In order to develop this product, the
inventors selected PBP2a as target, based on preliminary studies with DNA
vaccine in murine models (18, 19, 21) and immunostructural molecule
analyses. PBP2a had its structure elucidated in 2002 (29), and is
deposited at PDB (Protein Data Bank) under the code lwmr.    Differently
from other approaches, the inventors worked with an internal region of the
molecule with 76 amino acids, which flank the enzyme active core (SILK) at
the transpeptidase domain. Epitope identification analyses were performed
at the molecule and in their presentation to the different class II CHM
alleles (Tepitope program), with later verification of their location at
the molecule (SPDB-Viewer program). This approach enables us to evaluate
the facility of antibody access to these targets at the native molecule.
This computerized analysis showed the presence of epitopes close to the
enzyme active core, with excellent recognition degree by class H CHM
alleles, located at PBP2a surface (not shown data).    These in silico
previews were confirmed by the performed target recognition tests
(immunoblotting and flow cytometry), and the antibody binding to this
PBP2a region showed to  be able to confer high protection, demonstrated by
the results obtained in the performed in vitro  and in vivo tests. The
antibodies generated by the 76-amino acid fragment showed to confer higher
protection than the ones generated by immunization with full PBP2a, as
previously shown by Ohwada and Senna's works and were confirmed by the
results from the inventors.    The epidemiology of infections caused by
MRSA shows the presence of the predominant clonal types responsible for
outbreaks and epidemics in hospitals in the whole world. These  clones
present a higher colonization and virulence capacity when compared to
non-epidemic MRSA strains (30).  



As a way to validate the obtained results, it was intended to work with
different MRSA  clones (epidemic clones), representatives from most
infections (especially the hospital ones) caused by MRSA.   CEB strain
(Brazilian epidemic clone) is responsible for most infections caused by
MRSA in Brazilian hospitals (31), being also identified in other countries
in South America (32, 33), Portugal, and Czechoslovakia (34). The European
epidemic clone (Iberian-MRSA) is found in European countries and in the
United States (35).     Due to the increase in cases of community
infections caused by MRSA, one of these strains (WB79 CA-MRSA), isolated
in Brazil was included in the current trials. These trials present
features differentiated from the ones found in hospitals, with higher
virulence (presence of Panton-Valentine leukocidin) and profile of
resistance to antimicrobials different from the one of hospital MRSA
strains (36). Recently, an outbreak of infections by CA-MRSA in a
population of men practicing sex with other men was identified in the
United States (37). From this date, we can say that infections caused by
MRSA assume a STD (sexually transmitted disease) character.    The
protection results conferred by administration of anti-PBP2a antibody
showed efficacy against all the different tested clones which led us to
believe in their applicability for infections (community or hospital)
caused by any MRSA type.  Some significant features of the product of the
current invention need to be commented.     (i) In vitro protection
results cause to believe that the involved mechanism of action - block of
a region close to the molecule active core - is sufficient to inhibit the
bacterial growth and multiplication. Similarly to the one of beta-lactam
antibiotics, this mechanism is time-dependent, needing that the bacterium
is in the multiplication phase to expose the target to the drug action.
(ii) This feature is favored by the pharmacokinetic properties of
antibodies, which present long plasma half-life (38). Comparing to the
antibiotic therapy, this means an administration in lower number of doses,
presenting treatment facility for the patient and maybe lower final cost
as consequences. These ideas were confirmed in practice in the protection
comparative assay with vancomycin (see below).     (iii) The inhibition of
in vitro bacterial growth also means that the antibody does not need the
traditional ancillary antigen-antibody response mechanisms, such as
opsonization and complement activation. Considering that most hospital
infections occur in patients that has  immunodepression status this
product feature is extremely significant.     (iv) It is known that
Staphylococcus aureus presents a protein A on its surface. This molecule
characteristically binds itself to the Fc region of immunoglobulins,
impeding the opsonizing activity of the immune system (38). Due to the
results obtained in our trials, we believe that the  administered antibody
concentration was able to saturate the protein A existing at the bacterial
surface, not preventing the PBP2a block by the administered antibodies.
Systemic infections caused by MRSA have been treated with use of
glycopeptides, especially vancomycin. However, this drug presents a range
of side effects, with immunotoxicity (42), ototoxicity, nephrotoxicity,
and transient neutropenia (43) among them, and need administration for
lon_g periods, presenting high final treatment cost.    By using a murine
infection model, it was possible to compare a treatment with vancomycin
versus monoclonal antibody and the combination of the two drugs. The
obtained results  indicated that an antibody dose had action similar to or
higher than 5 vancomycin doses and that the simultaneous administration of
the two drugs was very more efficient in eliminating the  bacterium than
the isolated administration. These data are extremely significant, as it
is possible to think about a lower treatment cost with the  5  antibody
and a more efficient recovery of patients with severe status with the
administration of vancomycin and antibody.    In addition to the use of
anti-PBP2a monoclonal antibodies for treating infections by MRSA, the
current invention still considers the following applications:   (i) the
results of recognition of a protein with molecular weight close to the one
of PBP5 in Enterococcus sp. strain by anti-PBP2a monoclonal antibody
indicate that it is possible to obtain a protective response against this
pathogen with the antibody administration. PBP5 presents homology with
PBP2a with both being classified as class B multimodular PBPs with low
affinity for beta-lactams (40). Enterococci are bacteria that cause severe
hospital infections, presenting high degree of intrinsic and acquired
resistance to antimicrobials. Strains resistant to vancomycin (VRE)
represent a reservoir of genes of resistance to glvcopeptides and can be
transferred to other pathogens (41).     (ii) these antibodies can have
applicability for PBP2a identification by immunodiagnostic tests. For
example, the use of immune tests based on agglutination of latex particles
bound to  the antibody can provide a result that foresees resistance to
all beta-lactam antibiotics in few hours. In the conventional tests of
sensitivity to antimicrobials (such as antibiotic sensitivity testing)
these results are only released after 12 to 24 hours.     (iii) once
monoclonal antibodies have been successfully used in topic applications
against chronic sores (infliximab, see reference Streit et at, and WO
1999041285 Al), these antibodies might be topically administered to
promote nasal decolonization by MRSA and for treatment of skin lesions
caused by this pathogen.     Based on the knowledge and issues found in
the state of art, the current inventors performed immunizations in animals
with a DNA vaccine with constructions corresponding to the gene  mecA (SEQ
ID NO.: 2) without the membrane fixation region and immunizations with a
76-  amino acid internal region of the transpeptidase domain (SED ID NO.:
3) comprising the  enzyme active core.     The immunizations were
performed in the same conditions presented in the works of Ohwada et al.
and Senna et at who developed a DNA vaccine against PBP2a, using the full
sequence (except the membrane fixation region) of the gene mecA and an
internal fragment of the transpeptidase domain. The immunizations were
performed with 4 doses and the immunized  animals and a non-immunized
control group were challenged by a systemic infection with MASA and a
determination of the number of bacteria present in the kidneys of animals
in two distinctive periods. The obtained results showed that the
immunization with the transpeptidase fragment conferred a greater
reduction in the number of bacteria present in the animal kidneys  than
the one in the animals immunized with gene mecA.    Thus we see that the
antibodies generated against the transpeptidase fragment provided a better
protection in the used conditions (DNA vaccine in murine model) than the
one by antibodies against the complete sequence of PBP2a. The
transpeptidase fragment includes the enzyme active core STOK (SEQ ID NO.:
4).    Consequently, based on the found results, the inventors directed
the invention for producing monoclonal antibodies able to recognize and
bind to the PBP2a protein and 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.  6
Example 1  MATERIALS AND METHODS: 1. Bacteria:     The following
methicillin-resistant Staphylococcus aureus strains were used:
Iberian-MRSA, COL-MRSA ceded b Unite des A ents Antimicrobiens - Institut
Pasteur Unit of Antimicrobial Agents - Pasteur Institute], Dr. Patrice
Courvalin), WB79 CA-MRSA, and CEBMRSA (ceded by Dr. Agnes Figueiredo
Institut de Microbiologia [Microbiology Institute] of UFRJ). a
vancomycin-resistant Enterococcus faecalis strain; and a
methicillin-sensitive  Staphylococcus aureus (MSSA) strain. Escherichia
coli strains BL21 DE3 (Novagen) and TOP 10 (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-Ag14
myeloma cells (ATCC 1581), using polyethylene glycol for fusion, and were
cultured in hypoxanthineaminopterin-thymidine medium at 37C 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:    Maxisorb 98-well plastic plates were sensitized
with 500 nanograms/well of recombining protein (PBP2a fragment) in
carbonate/bicarbonate buffer and incubated at 4C 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
37C. The samples to be analyzed (serum of immunized animals diluted at
1:100 or cell culture supernatants) and incubated for 2 hours at 37C 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 37C 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 1-12504, and the reading was performed at
450 nm.  A 1:200 diluted hyperimmune polyclonal serum was used as positive
control.   5.1. Avidity assays based on enzyme immunoassay 5.1.1. Avidity
assay with urea (Niederhouser et 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 37C, 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 et al. - 5.21   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 37C, the samples were subjected to treatment with
ammonium thiocyanate for 30 minutes at 37C 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 Al + 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  were neutralized 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 Enterococcus faecium strain, and the BL-21 DE3
Escherichia coil 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 lx
and resuspended at a DOsoo 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 4C, 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 4C. 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 4C. Then, the samples were
washed again and fixated for 15 minutes at 4C 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. Muller Hinton
broth bacterial inoculum, and growing amounts of purified anti-PBP2a
monoclonal antibody were added to test  tubes or 24-cavity plates. The
plates or tubes were subjected to incubation at 37C 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 LB  0
for MERSA strains.   The determination of lethal dose and LD50  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
(D0600 -0.6), washed and resuspended in sterile PBS lx at D0600 -0.5,
corresponding to approximately 2 x 108 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 37C 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 LD5o. 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 animals plus a control group were infected with one dose of
about 2.5 to 6.0 x 108 bacteria by intraperitoneal route according to the
LD50 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
quantification:  Assay I   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:   group 1: MAB (400
micrograms) (first day)  group 2: vancomycin (150 micrograms,
intramuscular route, 12/12 hours)  group 3: vancomycin + MAB (350
micrograms) (1 day after infection)  group 4: control    The first doses
of antibody and vancomycin were administered 4 hours after the
administration of the infective dose. The animals were subjected to
euthanasia in the fourth day, and the kidneys were aseptically removed and
subjected to renal qualification, according to what was previously
described.  Assay H   This assay was performed in the same way as the
previous one but, with a lower infective dose (7.0 x 106 bacteria), with
the group 1 being treated with 500 micrograms of purified  monoclonal
antibody; group 2 being treated with vancomycin (150 micrograms,
intramuscular route 12/12 hours. 5 doses)- group 3 being treated with
vancomycin + 500 micrograms of monoclonal antibody; and group 4 being
control (non-treated animals).  11. Identification
complementarit-y-determining regions (CDRs) of light and heavy chains of
the anti-PBP2a monoclonal antibody 11.1. mRNA extraction from hybridoma
cells   A 10-mL centrifugate (pellet) of a cell culture of monoclonal
antibody-producing hybridoma was processed for mRNA extraction using the
RNeasy Minikit kit (Qiagen).  11.2. cDNA 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 ID NO. Se i uence Use  FOR HEAVY CHAIN  18 5'ATG(GA)
VH Amplification  



A(GC)TT(GC)(TG)GG(TC)T(AC)A(AG)CT(GT)G(GA)TT 3'  19 5'
ATG(GA)AATG(GC)A(GC)CTOGT(CT)(TA)T(TC)CTCT VH Amplification     3'  20 5'
GATGTGAAGCTTCAGGAGTC 3' VI-!   Amplification 21 5' CAGGTGCAGCTGAAGGAGTC 3'
VH   Amplification  22 5' CAGGTGCAGCTGAAGCAGTC 3' VH   Amplification 23 5'
CAGGTTACTCTGAAAGAGTC 3' VH   Amplification  VH 24 5' GAGGTCCAGCTGCAACAATCT
3'    Amplification 25 5' GAGGTCCAGCTGCAGCAGTC 3' VH 



Amplification 26 5' CAGGTCCAACTGCAGCAGCCT 3' VH   Amplification 27 5'
GAGGTGAAGCTGGTGGAGTC 3' VH   Amplification VH 28 5' GATGTGAACTTGGAAGTGTC
3'    Amplification 29 (gamma 1)  5' TGGACAGGGATCCAGAGTTCCAGGTCACT 3' VH
Amplification  FOR LIGHT CHAIN  30 5' GACATTGTGATGACCCAGTCT 3' VL
Amplification 31 5' GATG1111GATGACCCAAACT 3' VL   Amplification 32 5'
GATATTGTGATAACCCAG 3' VL 



Amplification 33 5' GACATTGTGCTGACCCAATCT 3' VL   Amplification 34 5'
GATATTGTGCTAACTCAGTCT 3' VL   Amplification VL 35 5' GATATCCAGATGACACAGACT
3'    Amplification 36 5' GACATCCAGCTGACTCAGTCT 3' VL   Amplification 37
5' CAAATTGTTCTCACCCAGTCT 3' VL   Amplification 38 51CAGGCTGTTGTGACTCAGGAA
3' VL   Amplification 39 (kappa 18) 5' TACAGTTGGTGCAGCATC 3' VL
Amplification 



11.4. Sequencing of light and heavy chains of anti-PBP2a monoclonal
antibody Sequencing Steps:  I. Amplification   This was performed using
the previous starter sequences, defined by SEW ID NO.: 18 to SEQ ID NO.:
39.  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 [SPRI [Biacore]
methodl SPR measurements were performed using a CM-5 sensor in a
Biacore(Biacore AB, Uppsala, Sweden) device. Binding reagents and FIBS-EP
buffers (10 mM hepes, 150 mM NaC1, 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 I.    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 { rut].
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
clones Positive clones Selected hybridomas of clones (ELISAI
(immunoblotting) clones      77 70 _ 2 1 (clone 38) 1 _ 68 108 10 1 (clone
10) 1 



79 91 Zero  - 17 101 Zero   70  48 2 Zero   418 14 2 2    From the
selected clones clone 77-38 was subjected to recloning process for
verifying the cell stability for secreting monoclonal antibodies. From the
50 analyzed cavities, all presented positive result by ELISA test. These
clone were expanded and are stocked in liquid nitrogen at LATAM
(Laboratory of monoclonal antibody technology) facilities.  2. Growth,
production, and purification of monoclonal antibodies:    The process was
standardized according to what was previously described. The obtained
output is approximately 4 milligrams of monoclonal antibody for every 100
mL of supernatant subjected to the purification process. The obtained
results can be seen below.    In Figure 2, we can see a polyacrylamide gel
with raw samples and after purification. This Figure 2 shows the
non-denaturing polyacrylamide gel with supernatant samples before (column
1) and after purification (2) in EIPLC column with MAb SelectSure resin.
Columns 3 to 9  correspond to obtained purified sample fractions. The
arrow indicates the approximate size of 150 kDa.  3. Functional
characterization of monoclonal antibodies:  3.1. In vitro PBP2a
recognition - immunoblotting    In order to investigate the capacity for
antibody recognition by the target in the pathogen (PBP2a and similar
sequences) the immunoblotting test was performed with bacteria presenting
PBP2a (CEB and COL MRSA), a MSSA (methicillin-sensitive Staphylococcus
aureus) strain (not presenting PBP2a), a vancom_ycin-resistant
Enterococcus sp. strain (presenting PBP5), a transpeptidase with
low-affinity for beta-lactam antibiotics (homologous to PBP2a), and an
Escherichia colt strain (where the recombinant protein was generated) as
negative control. The  obtained results show that the antibody was able to
recognize a protein with molecular weight of approximately 76 kDa in MRSA
and Enterococcus sp. strains, corresponding to the size of PBP2a and PBP5,
respectively. No reactivity of the monoclonal antibody was seen with
proteins of methicillin-sensitive Staphylococcus aureus (PBP2a-negative)
neither with Escherichia colt strain. The results can be seen in Figure 3
(immunoblotting against MRSA and MSSA).    The result of the
immunoblotting test of MRSA and MSSA Mates against the supernatant
containing anti-PBP2a monoclonal antibodies is shown in Figure 3.  1. -
molecular weight marker (Kaleidoscope); 2. - MSSA sample grown in
exponential phase; 3 and 4. - MRSA sample grown in exponential phase; 5. -
MSSA sample grown in stationary phase (overnight); and  6 and 7. - MRSA
samples_grown in stationary phase. The left arrow indicates PBP2a
molecular weight.   3.2. PBP2a recognition on the bacterium surface - flow
cytometry   The objective of the flow cytometry test is to validate the
capacity for target recognition on the bacterium in its native form by the
monoclonal antibody. In previous tests (immunoblotting), we observed the
target recognition on proteins subjected to a denaturation process, which
occurs during the protein separation by electrophoresis in denaturing
polyacrylamide gel. Again we analyze a negative control strain (MSSA,
PBP2a-negative) and a MRSA strain (CEB) grown in exponential and
stationary phases. The obtained results show that the antibody is able to
recognize the target on the bacterial surface in both conditions. The
presence of protein A on Staphylococcus surface was not able to inhibit
the antibody binding with PBP2a. The obtained results can be seen in
Figure 4.  



Figure 4 shows the results of the flow cytometry of MRSA (CEB) and MSSA
bacteria incubated with anti-PBP2a monoclonal antibody and marked with
phycoerythrin (PE). In (1), MSSA bacteria; in (2). MRSA grown in
stationary phase; in (3), MRSA grown in exponential  phase. MRSA
populations present a right shift, corresponding to an increase in marked
cells by the fluorescent conjugate.  4. Evaluation of protection conferred
by anti-PBP2a monoclonal antibody:  4.1. In vitro protection tests
Determination of minimum inhibitory concentration (MIC)     These assays
aim to evaluate the antibody capacity for directly binding itself to the
target in a closed system. For monoclonal antibodies with therapeutic
finality, positive results have extreme significance, as they mean that
the antibody is able to recognize the target and to block the bacterial
growth without the aid of the host immune system, such as complement
activation and opsonization mechanisms, resulting from the combined action
with the innate and adaptative immune system of the host. CEB, COL, and
Iberian MRSA strains were evaluated, where similar MIC values
(approximately 500 micrograms) were seen in the evaluated  conditions.
These data indicate that regardless of the genetic background of the
different MRSA strains the antibody doses needed for blocking the growth
are not the same. These results can be seen in Figure 5.    Figure 5 shows
the test of the in vitro protection (MIC - minimum inhibitory
concentration)  conferred by anti-PBP2a purified monoclonal antibody and
vancomycin against an inoculum of 105 cells from different MRSA strains.
An absence of turbidity indicates that there was no  bacterial growth in
the analyzed conditions.  1A: CEB MRSA (Brazilian epidemic clone) + 250
jig of antibody; 2A: CEB MRSA + 500 pig of antibody; 3A: CEB MRSA + 750 uz
of antibody; 4A and 6A: negative controls of CEB MRSA strain.  113: COL
MRSA + 250 jig of antibody; 28: COL MRSA + 500 jig of antibody; 38: COL
MRSA + 750 jig of antibody; 48 and 6B: negative controls of COL MRSA
strain.  1C: Iberian MRSA (European epidemic clone - EEC) + 250 jig of
antibody; 15  2C: EEC MRSA + 500 [tg of antibody; 3C: EEC MRSA + 750 rig
of antibody; 4C and 6C: negative controls of EEC MRSA strain. 1D: CEB MRSA
+ 150 jig of vancomycin; 2D: CEB MRSA + 300 jig of vancomycin.  3D: CEB
MRSA + 500 jig of vancomycin; 4D: CEB MRSA + 750 jig of vancomycin; SD and
6D: negative controls.  4.2. In vivo protection tests 4.2.1. Determination
of lethal and sublethal doses for CEB, Iberian, W1179 CA, and COL MRSA
strains:     These assays were necessary in order that the in vivo
protection was evaluated in the two used models - the renal quantification
by sublethal dose one and the survival test after systemic infection with
a larger inoculum of bacteria - able to cause death in about 50% of the
animals (LD50). The chosen route was intraperitoneal due to the
administration facility and the absence of losses. An adaptation of
Reed-Muench method was used for conducting the assay, with two animals per
condition (infective bacterial dose in growing concentrations) for
determining LD50 and sublethal doses and three different doses were
tested, once we had previous knowledge on  the mean lethal doses for
Staphylococcus aureus. COL MRSA strain, the first MRSA clone to have
its_genome sequenced, is used as reference strain for studies on this
pathogen. However, it showed to be little virulent, needing high infective
doses in relation to the other MRSA clones  to cause infection in animals.
Therefore, it was not used in protection assays.  4.2.2. Renal protection
assays after systemic infection with sublethal dose   Using a renal
quantification model after infection, these assays enable to evaluate the
antibody capacity to reduce the presence of bacteria in vital organs
(kidneys) after a systemic infection. A reduction higher than 3 log (1000
times) was reached in three independent assays with virulent MRSA strains
from different genetic backgrounds. In these assays, the animals received
a previous dose of 500 micrograms of antibody. The protection conferred by
a lower antibody dose (250 micrograms) was evaluated in the assay with
CA-MRSA strain where a bacterial reduction was also observed, but lower
than the one obtained with the 500-micro_gram  dose. The results can be
seen in Figures 6A, 6B, and 6C.    Figure 6A 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 MRSA CEB strain. In horizontal stripes: log of concentration of
bacteria isolated from the  kidneys of each non-treated animal. In
checkered pattern: log of quantity of bacteria isolated from the kidneys
of each animal treated with the antibody. Bacterial quantification:
controls:  C 1 : 2000 bacteria. C2: 29,000 bacteria; C3: 220,000 bacteria;
C4: 52,000 bacteria (mean of 75 750 bacteria). Treated (protected)
animals: P1:20 bacteria; P2. P3, and P4: 10 bacteria (mean of 12.5
bacteria). Reduction in the quantity of bacteria recovered from treated
animals in  relation to non-treated ones: 6060 times.  16    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: Cl:
210,000 bacteria C2: 44,000 bacteria; C3: 300,000 bacteria; C4: 290,000
bacteria (mean of 211 000 bacteria). Treated (protected) animals: PI: 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 vc 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 from the kidneys of animals treated with 250 mg 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 jig of antibody. Checkered bars (5th, 9th, and 13th bars) indicate the
respective obtained means. Bacterial quantification: controls: Cl: 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 ttg of antibody: PI: zero. P2: 5,400 bacteria. P3:  830 bacteria; and
P4: 10 bacteria (mean of 1,560 bacteria). Animals treated with 500 mg of
antibody: PI: 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 jig of antibody: 149 times. With
5001.12: 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 (LDio) or
more. The protection against the three strains used in the renal
quantification assay was evaluated. A significant reduction in (i)
survival time and (ii) the very survival of animals under treatment with
antiMRSA 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 108 bacteria (CEB MRSA) administered by intraperitoneal
route (LDL:), 17    Figure 7B shows the survival curve of treated
(protected) and non-treated (control) animals after infection by a dose of
4.2 x 108 bacteria (Iberian MRSA) administered by intraperitoneal route
(-LEIFigure 7C shows the survival curve of treated (protected) and
non-treated (control) animals after infection by a dose of 1.1 x 109
bacteria (WB79 CA-MRSA) administered by intraperitoneal route (--LD50)1
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 10 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). Cl: 7000,000; 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 jig of anti-PBP2a monoclonal
antibody. P1: 4,200- P2: 310 000; P3: 330,000. P4: 90,000 (mean of 183,550
bacteria). Bars I I, 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 



concentration of bacteria recovered from animals treated with antibody
(300 lig) + vancomycin. PI: 1 100. P2: 700. P3: 450. P4:90 (mean of 585
bacteria).    Figure 8B shows the bacterial quantification in kidneys of
animals treated with anti-PBP2a monoclonal antibody (bars 7 to 12)
vancomycin (bars 13 to 18), antibody + vancomycin association (19 to 24)
and of non-treated animals (bars 1 to 6) after infection with 7.0 x 106
bacteria (CEB MRSA). Treatment beginning in 4 hours after infection.
Vancomycin administered every 12 hours (5 doses). Bars 1 to 6: log of
concentration of bacteria recovered from non-treated animals (controls).
Cl: 6 000. C2: 1,000. C3: 500; C4: 118,000. and C5: 1 000  (mean: 25,220
bacteria). Bars 7 to 12: log of concentration of bacteria recovered from
animals  treated with 500 lag of anti-PBP2a monoclonal antibody. MB1: 450;
MB2: 200; MB3: 100; MB4: 20; MB5: zero (mean of 284 bacteria). Bars 13 to
18: animals treated with vancomycin.  VC1: 100. VC2: 700. VC3: zero. VC4:
zero. VCS: 2800 (mean of 720 bacteria). Bars 19 to 24:  log of
concentration of bacteria recovered from animals treated with antibody
(500 jig) +  vancomycin. MBV1: 130; MBV2: 20; MBV3: 10; MBV4: 80; MBV5: 20
(mean of 56 bacteria).  5. Avidity assays 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 (D0s):  Control:
1.12  Thiocvanate-treated samples: 2 M = 0.046; 1.5 M = 0,047; 1 M =
0.107; 0.75 M = 0.483; 0.5 M = 0.602; 0.375 M = 0.684 Avidity rate: 2.47
0.75 M = 0.648; 0.5 M = 0.758; 0.375 M = 0.793 Clone 38 (D0s):
Control: 1.22       Thiocyanate-treated samples:       2 M = 0.056. 1.5 M
= 0.062; 1 M = 0.129; 



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 [SPR1 IBIAcorell    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.    ica (wls-') kd (S4) KD (nM) Clone 10 4.42 x 103  5.7 1.16 x 104
5.63 x 26.2   10-7  Clone 38 5.45 x 105  384 3.13 x 10-5  2.11 x 5.7 x
10-2   101   7. Identification of complementary-determining regions (CDRs)
of light and heavy chains of anti-P13P2a 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.  RSSOSIGHSNGNTYLE SEQ ID NO.: 7 - CDR 2 light
chain amino acids.  ICVSNRFS  SEQ ID NO.: 8 - CDR 3 light chain amino
acids.  FQGSYVPLT  SEQ ID NO.: 9- CDR 1 light chain DNA.
cgcagcagecagagcattggccatagcaacggcaacacctatctggaa SEQ ID NO.: 10- CDR 2
light chain DNA. aaagtgagcaaccgctttagc   SEQ ID NO.: 11 - CDR 3 light
chain DNA.  tttcagggcagctatgtgccgctgacc  SEQ ID NO.: 12- CDR 1 heavy chain
amino acids.  GFSITSSSSCWH SEQ ID NO.: 13 - CDR 2 heavy chain amino acids.
RICYEGSISYSPSLKS SEQ ID NO.: 14 - CDR 3 heavy chain amino acids.
ENHDWFFDV SEQ ID NO.: 15 - CDR 1 heavy chain DNA.
ggetttagcattaccagcagcagcagctgctggcat SEQ ID NO.: 16- CDR 2 heavy chain
DNA.  cgcatttgctatgaaggcagcattagctatagcccgagcctgaaaagc  SEQ ID NO.: 17-
CDR 3 heavy chain DNA.  gaaaaccatgattggtttfttgatgtg Complementary data
Further other assays were conducted, proceeding the invention development.
These are reported below, through examples.  Example 3   A second study
using CEB MRSA strain was conducted, following the same protocol described
in Example 1, item 7.2, with adding of two pulses of agitation by vortex,
of 15 seconds each one, after each washing aiming to disaggregate
Staphylococcus aureus agglomerates and to increase the quantity of PBP2a
exposed to antibodies.    The markers FITC (fluorescein isothiocyanate)
and PE (phycoerythrin) were tested, with control  samples (i. pure
bacterium without contact with monoclonal antibody; and ii. pure bacterium
plus  FITC or PE marker) and the sample treated with monoclonal antibody
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 PBP5 - a
transpeptidase with low affinity for beta-lactams, present in all
enterococcus strains with molecular weight of  approximately 76 lcDa (237
amino acids). This enzyme presents homology referring to PBP2a of MRSA
according to alignment (ClustalW) related below:
PBP5EfasMERSERNKKSSKNPLILGVSALVLIAAAVGGIYAYSQWQAKQELAEAKKTATTFLEVLSK 60
PBP5efam KHGKERTGAYIAG--AVILIAAAGGGYFYYQHYQETQAVEAGEKTVEQFVQALNK 53  PBP2a
MKKIKIVPLILIVVVVGEGIYFIASKDKEINNTIDAIEDKNITQVYKD 48  ***
PBP5Efa8QEFDKLPSVVQEASLKKNGYDIKSVVEKYQAIYSGIQAEGVKASDVQVKKAKDNQYTFTY 120
PBP5efamGDYNKAAEMTSKKAANKSALSEKEILDKYQNIYGAADVKGLQISNLKVDKKDDSTYSFSY 113
P8P2aSSYISKSDNGEVEMTERPIKIYNSLGVKDINIQDRKIKKVSKNKKRVDA 97  *.. :: :* *.. :
. : :. :: : . *. . ..
PBP5EfasKLSMSTPLGEMKDLSYQSSIAKKGDTIQIAWKPSLIFPDMSGEDKISIQVDNAKRGEIVD 180
PBP5efamKAKENTSLGELKDLSYKGILDREDGQTTINWQPNLVFPEMEGNDKVSLITQEAARGNIID 173
PBP2aQYKIKTNYGNIDRN-VQFNETKEDGMWKLDWDHSVIIPGMQKDQSIHIENLKSERGKILD 156
:.:.**::.*-::* *.: PBP5E
asREGSGLAINKVEDEVGVVPGKLGSGAEKTANIKAFSDKEGVSVDEIN---QKLSQGWVQA 237
PBP5efamRNGEPLATIGKLKQLGVVPSKLGDGDEKTANIKAIASSFDLTEDAIN---QAISQSWVQP 230
PBP2aRENVELANIGTHMALGIVPKNVSKKDYKAIAKELSISEDYINNKWIKIGYKMIPS 211
**.**.:*:**. : **
PBP5EfasDSFVPITVASEPVTELPTG--AATKDTESRYYPIGEACAINR-VYGTITAEDIEKN--pE 292
PBP5efamDYFVPLKIIDGATPELPAG--ATIQEVDGRYYPLGEAAAQLIGYVGDITAEDIDKN--PE 286
PBP2aFHEKTVKKMDEYLSDFAKKFHLTTNETESRNYPLEKATSHLLGYVGPINSEELKQKEYKG 271 :  *
*** :* :* * -*:: .  



PBP5EfasISSTGVIGKTGLERAFDKELRGQDGGSLVILDDK-ENVKKALQTKEKKDGQTIKITIDSG 351
PBP5efamLSSEGKIGRSGLEMAFDKDIRGTIGGKLSITDAD-GVEKKVLIEHEVQNGKDIKLTIDAK 345
PBP2aYKDDAVIGKKGLEKLYDKKLQHEDGYRVTIVDDESNTIAHTLIEKKKKDGKDIQLTIDAK 331 .
**:.***:**.*:*: * *:.*::*: *:****-
PBP5EfasVQQQAPAIFDKRPGSAVITDPQKGDLLATVSSPSYDPNKMANGISQKEYDAYNNNEDLPF 411
PBP5efamAQKTAFDSIGGKAGSTVATTPKTGDLLALASSPSYDPNKMTNGISQEDYKSYEENPEQPF 405
28P2aVQKSIYNNMKNDYGSGTAIHPQTGELLALVSTPSYDVYPEMYGMSNEEYNKLTEDKKEPL 391 .
*:** .*:.*:*** .*:****:*:*:*.*:
PBP5EfasTA19FATGYAPGSTFICEITGAIGLDAGTLKPDEELEINGLKWQKDKSWGGYPATRVKEAS- 970
PRP8efeMISRFATGYAPGSTE194/TAAIGLDNGTIDPNEVLTINGLKWQKDSSWGSYQVTRVSDVS- 969
PBP2aLNKFQITTSPGSTQKILTAMIGLENKILDDKTSYKIDGKGWQKDKSWGGYNVTRIEVVNG 451
:*:**** *::*. ***1-
PBP5EfasPVELRTALVESDNIYFAQQTIRMGEDKFRAGLNKFIFGEELDLPIAMTPAQISNEDKENS 530
PBP5efamQVDLKTALIYSDNIYTAQETLKMGEKKFRIGLDKFIFGEDLDLPISMNPAQISNEDSFES 524
PBP2aNIDLKQAIESSDNIFEARVALELGSKKEEKGMKKLGVGEDIPSDYPFYNAQISNKN-LDN 510 ::*:
*:**** : *: :".:*..**. ":.*: .**::'*****::
PBP5EfasEILLADTGYGQGQLLISPIQQATMYSVFONGTINYPKLVLDKETKK-KDNVISANAANT 589
PBP5efamDILLADTGYGQGELLINPIQQAAMYSVFANNGTLVYPKLIADKETKD-KKNVIGETALQT 583
PBP2aEILLADSGYGQGEILINPVQILSIYSALENNGNINAPHLLKDTKNKVWKKNIISKENINL 570
***.:*:*: *.:.**.*:*
PBP5EfasIATDLLGSVEDPSGYVYNMYNPNFSLAAKTGTAEIKDKQDIDGKENSFLLTLDRSNNKFL 649
PBP5efamIVPDLREVVQDVNGTAHSLSALGIPLAAKTGTAEIKEKQDVKGKENSFLFAFNPDNQGYM 643
PBP2aLEDGMQQVVN--KTHKEDIYREYANLIGKSGTAELKMKQGESGRQIGEFISYDKDNPNEM 628 *-.*
.*:****:* **. .*:: . ::::: .*: ..
PBP5EfasTMIMVENSGENGSATDISKPLIDYLEATIK679
PBP5efamMVSMLENKEDDDSATKRASELLQYLNQNYQ673
PHP2aMAINVKDVQDKGMASYNAKISGKVYDELYENGNKKYDIDE 668  ::::..*:- 22  The
alignment was performed with sequences corresponding to PBP5 from the
enterococci E.  faecalis (Efas) and E. faecium (Efam) with MASA PBP2a.
Marked sequences (bold - PBP5; underlined - PBP2a) correspond to the used
PBP2a region to generate monoclonal antibodies. Amino acids corresponding
to the enzyme active core are marked in italic.    Thus in vitro
protection assays, determination of lethal dose and LD50, and in vivo
assays  (sublethal dose with renal quantification and survival assay with
lethal dose)with an enterococcus strain in murine model (Balb/C mice) were
conducted, as previously conducted  with MRSA. These results can be seen
in the corresponding reports.  1.1. In vitro protection assays  The
objective of this assay was to evaluate the in vitro protection conferred
by the antibody against '/RE enterococcus strain.    In vitro protection
test (MIC), clone 38 purified monoclonal antibody (901DA5/CB5/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 37C, 160 rpm Inoculum: 400 mL of pre-inoculum in
20 mL Lb 200-mL erlenmayer 37C, 160 rpm  DO600nm reading after 7 hours:
0.7  Quantification: 5.5 x 108 bacteria/mL Test conditions:  Inoculum: 5.5
x 105 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, 37C    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   G. 700 mg
of antibody 1.2. LD50 and lethal dose determination by intraperitoneal
route - vancomycin-resistant Enterococcus faecium Protocol:  Female 7-week
Balb/C animals mean weight of 20 grams  Day 01 - pre-inoculum: 1 VRE
strain colony in 10 mL of Lb broth and vancomycin (10 mWmL), 50- mL Falkow
tube, growth ON 37C, 160 rpm Day 02 - inoculum: 1 mL of pre-inoculum in 50
mL of Lb broth/vancomycin (250-mL erlenmayer) - 4 vials, 37C, 160 rpm,
growth until OD600,,,,,0 centrifugation for 10 min 4000 rpm, resuspension
in PBS Ix sterile, OD 1.2 Quantification: 2.1 x 108 bacteria/mL  A. 60
microliters (1.5x 10) B. 300 microliters (6.5 x 107)  C. 900 microliters
(reduced to 300 microliters/dose) (1.5 x 108) D. 4.5 mL (reduced to 300
microliters/dose) (6.5 x 108)  E. 9.0 mL (1.2 x 109 bacteria) (reduced to
300 microliters/dose)  F. 45.0 mL (6.5 x 109 bacteria) reduced to 300
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 109 bacteria and LD50  is 6.5 x
108 bacteria.  Renal quantification of animals surviving in the seventh
day:  A (1.5 x 10): no bacterial growth  B (6.5 x 167): no bacterial
growth C (1.5 x 10): 3100 bacteria D (6.5 x 10): 2.8 x 104 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 in vivo protection for anti-PBP2a
monoclonal antibody against systemic infection with lethal dose,
Enterococcus faecium (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:  24  pre-inoculum, day 01 10 mL of BHI broth and
vancomycin at 10 mg/mL ON, 37C, 160 rpm  inoculum, day 03: 300 mL of
pre-inoculum in 30 mL of BHI and vancomycin, D0600 of 1.31 centrifuged for
10 mm 4 000 rpm resuspended in sterile PBS 0.5x, adjustment at OD = 1.10,
dilutions and plates for quantification (2.0 x 108 bacteria/mL); inoculum:
12 mL, centrifugate resuspended in 300 mL, IP route (-2.2 x 109 bacteria)
Time schedule:  



Day 01: IP inoculation of antibody (350 mg)  Day 02: IP inoculation of
antibody (300 mg), systemic infection in the afternoon (IP 250 mL of
bacterial solution -2.2 x 109 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 yancomycin-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. faeciurn (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 MASA strain:  pre-inoculum, 10 mL of Lb broth ON, 37C, 120 rpm
inoculum: 200 microliters of pre-inoculum in 20 mL of Lb. D0600 of 0.80,
centrifuged for 10 min, 4,000 rpm resuspended in sterile PBS 0.5x,
adjustment at OD = 0.51, dilutions and plates for quantification (2.4 x
108 bacteria/mL): inoculum: 500 microliters, IP route (2.4 x 108 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: 25  A total of 700 micrograms of antibody is able to block
the growth of 550,000 bacteria. These values are higher than the MIC
obtained for MRSA strains, which were approximately 500 micrograms.  In
vivo protection assays:  In vivo protection test - systemic infection by
intraperitoneal route in murine model with sublethal dose of
vancom_ycin-resistant Enterococcus faecium.     The animals received 500
micrograms of monoclonal antibody, intraperitoneal route (IP)., and were
subjected to systemic infection, IP route, with 2.4 x 108 bacteria. Four
days after, they were subjected to euthanasia and excision of kidneys for
bacterial quantification. Treated animals presented a mean of 87.5
bacteria/animal, while controls (non-treated infected animals)  presented
a mean of 211,000 bacteria/animal.  Survival test after lethal dose
administration   The animals received 650 micrograms of monoclonal
antibody (IP route) and were subjected to systemic infection up 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 PBP5 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  spy., 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
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MONOCLONAL ANTIBODIF,S FOR PBP2-a PROTEIN AND HOMOLOGOUS SEQUENCES FOR
TREATMENT OF INFECTIONS AND  IMMUNODIAGNOSIS ON BACTERIA FROM PHYLUM
FIRMICUTES   The current invention refers to monoclonal antibodies able to
recognize and bind to PBP2a protein and other proteins presenting
sequences homologous to PBP2a,  including the pathogens
methicillin-resistant Staphylococcus aureus - MRSA,  coagu lase-negative
Staphylococcus, Staphylococcus scturi, Enterococcus spp., and any other
bacterium possessing PBP2a or sequences homologous to this protein.    The
invention still refers to the use of monoclonal antibodies able to
recopize and bind to PBP2a protein and other proteins presenting sequences
homologous to PBP2a in a complementary immunodiagnosis for detection of
resistance to beta-lactams.  CLAIMS       I. An isolated monoclonal
antibody which binds to the protein characterised in that it comprises in
the variable regions of the light and heavy chain sequences of amino acids
selected from the groups SEQ ID NO.: 6, SEQ ID NO.: 7, SEQ ID NO.: 8, SEQ
ID NO.: 12, SEQ ID NO.: 13, and SEQ ID NO.: 14 or of correspondingarnino
acids at least 80% identical to the same.       2. The monoclonal antibody
according to Claim 1 characterised in that the variable regions of the
light chain or heavy chain are coded by sequences of DNA ,selected from
the sequences SEQ ID NO.: 9, SEQ ID NO.: 10, SEQ ID NO.: 11, SEQ  ID NO.:
15, SEQ ID NO.: 16, and SEQ ID NO.: 17 or corresponding_DNA sequences at
least 80% identical to the same.        3. The isolated monoclonal
antibody which binds to the protein PBP5 of  Enterococcus spp.,
characterised in that it comprises in the variable light and heavy  chain
regions sequences of amino acids selected from the sequences SEQ ID NO.:
6, SEQ ID NO.: 7, SEQ ID NO.: 8, SEQ ID NO.: 12, SEQ ID NO.: 13, and SEQ
ID NO.:  14 or sequences of corresponding amino acids at least 80%
identical to the same.        4. The monoclonal antibody according to
Claim 3 characterised in that the light and heavy chain variable regions
coded by sequences of DNA selected from the sequences SEQ ID NO.: 9, SEQ
ID NO.: 10, SEQ ID NO.: 11, SEQ ID NO.: 15, SE_Q ID NO.: 16, and SEQ ID
NO.: 17 or corresponding DNA sequences at least 80%  identical to the
same.         5. The monoclonal antibody according to Claim 1 or 3,
characterised in that it  exhibits in the variable region of the light
chain sequences of amino acids selected from the sequences SEQ ID No: 6,
SEQ ID No: 7 or SEQ ID No: 8 or corresponding sequences of amino acids at
least 80% identical to the same.        6. The monoclonal antibody
according to Claim 1 or 3, characterized in that it  exhibits in the
variable region of the heavy chain sequences of amino acids selected  om t
e sequencesI D No: I  orI D No: 14 or    corresponding sequences of amino
acids at least 80% identical to the same.        7. The monoclonal
antibody according to Claim 1 or 3, characterized in that it  exhibits in
the variable region of the light chain a region CDR1 containing sequence
SEQ ID No: 6, a region CDR2 containing sequence SEQ ID No: 7 and a regions
CDR3 containing sequence SEQ ID No: 8 or corresponding sequences of amino
acids at least 80% identical to the same.         8. The monoclonal
antibody according to claim 1 or 3, characterised in that it  exhibits in
the variable region of the heavy chain a region CDR1 containing sequence
SEQ ID NO.: 12, a region CDR2 containing sequence SEQ ID No: 13 and a
region CDR3 containing sequence SEQ ID No: 14 or corresponding sequences
of amino acids at least 80% identical to the same.         9. The
monoclonal antibody according to claim 2 or 4, characterised in that the
variable regions of the light chain are codified by DNA sequence selected
from the  sequences SEQ ID NO.: 9, SEQ ID NO.: 10 or SEQ ID No: 11 or
corresponding DNA  sequences at least 80% identical to the same.
10. The monoclonal antibody according to claim 2 or 4, characterised in
that  the variable regions of the heavy chain are coded by DNA sequences
selected from  sequences SEQ ID No: 15, SEQ ID No: 16 or SEQ ID No: 17 or
corresponding DNA  sequences at least 80% identical to the same.
11. The monoclonal antibody according to claim 2 or 4, characterised in
that  the variable regions of the light chain include a region CDR1
containing sequence SEQ  ID No: 9, a region CDR2 containing sequence SEQ
ID No: 10 and a region CDR3  containing sequence SEQ ID No: 11 or
corresponding sequences of amino acids at least  p% identical to the same.
12. The monoclonal antibody according to claim 2 or 4, characterised in
that  the variable regions of the heavy chain include a region CDR1
containing seq_uence  SEQ ID No:15, a region CDR2 containing sequence SEQ
ID No: 16 and a region CDR3  containing sequence SEQ ID No: 17 or
corresponding sequences of amino acids at least 80% identical to the same.
13. Cancelled.         14. Cancelled.         15. A method for diagnosis
of the resistance to beta-lactam antibiotics,  characterized in that it
comprises the addition of an isolated monoclonal antibody or its
fractions as defined in one of Claims 1 to 14 pure or in association with
other  substances in a bacterial sample suspected of containing PBP2A or
proteins  homologous to it.        16. A pharmaceutical composition for
the treatment or prevention of an infection  by bacteria from Fib o
Firmicutes, characterized in that it comprises a quantity of the  isolated
monoclonal antibody or its functionally equivalent fractions as defined in
Claims 1 to 14 and a pharmaceutical vehicle, carrier or excipient.
/17. A method for treating or preventing an infection by a bacterium from
Fibo  Firmicutes, characterised in that it comprises the administration to
a human patient or animal of a quantity of isolated monoclonal antibody as
defined in Claims 1 to 14. 18. Cancelled. 19. Cancelled. 




