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A LEPTOSPIROSE

A leptospirose € uma doenca infecciosa causada por espécies
patogénicas de bactéerias do género Leptospira.

Leptospira interrogans

Agente etiologico

0,1-0,2 um de diametro
6 a 20 um de comprimento
Tempo de geragao: 4 a 6 horas




EPIDEMIOLOGIA

O ciclo de transmissao envolve a interacao entre reservatorios
animais, um ambiente favoravel e grupos humanos/animais
susceptiveis
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Paises desenvolvidos




Paises em desenvolvimento

Saneamento basico

0 1 bilhdo de pessoas vivem em favelas

oUVIMOS 15% da populacao mundial
e (15 populag )
NAc EXISTE
SANEAMENTD
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SINTOMATOLOGIA (Enfermidade bifasica)

- Fase aguda e convalescente
e Corrente sanguinea > multiplicam-se = BACTEREMIA

* Em 90% dos casos sao benignos e autolimitantes

e Estado febril, dores de cabeg¢a, musculares e abdominais,
vomitos, anemia, ictericia...

eFase imune

e Desaparem da circulacao

e Producao de Ac

e Eliminagao de leptospiras na urina

L eptospirose severa

e Sindrome de Weil e sindrome hemorragica pulmonar grave
(SPHS) com taxa de mortalidade de >50%.
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A leptospirose no Brasil

- Cerca de 13.000 casos notificados por ano
- Destes 3.000 sao confirmados

- 300 Obitos/ano

Ministério e <
daSal:ldE UM PAIlS DE TODOS

SVS

Secretaria de Vigilancia em Sadde



Casos e letalidade da Leptospirose no
Brasil, 1997 a 2008

* Periodos de chuva - %
Namerode ., _ N=23.574 1000
Casos chegam a 100.000 os
casos notificados
4000 + T 80,0
3000 60,0
2000 40,0
1000 20,0
0 0.0

1997 | 1998 | 1999| 2000 | 2001| 2002 | 2003 | 2004 | 2005 EDDEQEDD?-EDDB-

B Cosos 3208 3440|2433 | 3487 | 3708 27658 3005 | 30097 | 3534 | 4369 3072 2490
—=—Taxa de letalidade| 856 | 1271127101 | 1181 120| 11,8126 | 11,58 95 | 104] 11,1

Fonte: SINAN/SVS/MS Ministério [T & o=



Casos de Leptospirose por municipios do

pais, Brasil, 2001 a 2007 60% dos casos de leptospirose no
| Brasil (2001 — 2007) estao
N=23.574 associados a zona urbana

Casos de Leptospirose segundo regiao do
Brasil, 2004 a 2008

Fonte: SINAN/SVS/MS

NORTE NORDESTE SUDESTE m®mSUL mCOESTE

2 1 -
Fonte: SINAN/SVSIMS TN ! 2 m
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PREVENCAO

Convencionais

Bacterina

v

e Especificas

¢ Imunidade curta

Vacinas

Recombinantes

Estas vacinas podem  ser
desenvolvidas de diversas maneiras,
dependendo do antigeno em questdo e
do tipo de resposta imune que se busca
desencadear contra ele.

Vacinas de DNA
Vacinas Vetorizadas

Vacinas de Subunidade




Tipos de vacinas recombinantes

Subunidade Recombinante -
Vacina de DNA

Vetorizadas




Vacina de subunidade §

recombinante

agmentos antigénicos

e Mais produzidas e
administradas

e S3o licenciadas

e Pouco ou nenhum efeito
colateral

¢ Induz imunidade humoral

Escherichia coli

Pichia pastoris




Subprojeto 1

Clonagem, expressao e avaliacao do
potencial imunoprotetor de

lipoproteinas de L. interrogans




Antigenos Potenciais

Three types of Outer Membrane Proteins:

l

-

y
A

Transmembrane proteims: OmplL ]
. Lipoprotemns: LipL32, LapL.21, elc.
- Peripheral membrane protemns: P31y s

LPS

OM

Periplasm G

PG
IM

Cyvtoplasm




Biossintese de lipoproteinas

— T , PROLIPOPROTEINA
Prolipoprotein *

Transferéncia de um grupo
diacilglicerideo para a cisteina

\/

l Diacylglyceryl Transferase

170 ) (4 — . PROLIPOPROTEINA MODIFICADA
Modified prolipoprotein *
l Signal Peptidase I1 Clivagem da seqliéncia sinal
ST~ APOLIPOPROTEINA
SEd | 1
Apolipoprotein *
l Transacylase Acetilacao grupo amino na porcao

N-terminal da cisteina

e | V

Lipoprotein LIPOPROTEINA




A regiao lipobox do peptideo sinal das lipoproteinas das
espiroquetas as diferencia das lipoproteinas de outras
bactérias

Schematic representation of the principal

features of the(signal peptide)of lipoproteins Cleavace Site
: v —

Lipobox

X4

N-Reoion H-Region C-Region Sortine Sienal

# 6 residues, hydrophobic -1=A.G.NS.C
alpha-helix Rich in A and L SJor-4=LEFV.I
No Kk, R, D, E, and H NoK.R. D E and H

= 2 residues

Negative: IM
Net positive Positive: OM

charge




Vacinologia
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Diferentes sistemas de expressao

Bactenal promoted

21T :

|

lacd

specific
gene

Transformacao da
E.coli

Culturade
Células

Purificacao da
Proteina

Bactérias- Escherichia coli

Vantagens:

. Facilidade de crescimento

. Purificagao (secrecgao, fusionadas)
.Varias cepas com o genotipo
conhecido

.Varios plasmideos comercialmente
disponiveis

. Menor custo

Desvantagens:
. Sem modifica¢des pos-traducao
(ex:glicosilagdes)



Vacina de DNA

Lipoproteina de L interrogans LIC11058




Vacinas de DNA

Plasmideo

L
- \Seringa
il .
D N,

Plasmideo
Recombinante

Gene Gun '

Pele

Vantagens:

-Estabilidade

-Resposta imune de amplo
espectro (humoral e celular)
-Resposta imune de longa duragao
-Possibilidade de utilizagao de
varios genes simultaneamente
-Busca de candidatos a vacinas
(rapidez)

-Sem risco infeccioso

-Facil preparo, menor custo

Desvantagens:
- Nao licenciadas




Vetor de Expressao em Eucariotos

- Promotor CMV
rAmpicilina \

Intron
y

EcoRI (1251)

T t =" BamHI (1257)

p arge EcoRI (1319)

5670 bp
HindIII (1326
AN
Poly A
W > 4

rNeomicina



Experimento desafio...

Grupos Imundégeno Numero de Dose Adjuvante  Numero de doses Via Desafio (21 dias apoés 22
animais dose)
A DNA + DNA 8 100 pg - 1(dia0)+1(dia21) IM 5xDL50 L. interrogans L1-130
B DNA + proteina 8 100 pg Al(OH);15% 1 (dia0)+1(dia21) IM 5xDL50 L. interrogans L1-130
C proteina + proteina 8 100 pg Al(OH);15% 1 (dia0)+1(dia21) IM 5xDL50 L. interrogans L1-130
D PBS 8 100puL  AI(OH);15% 1 (dia0)+1(dia21) IM 5xDL50 L. interrogans L1-130
E Bacterina 6 10° cél.mLt AI(OH);15% 1 (dia0)+ 1 (dia21) IM 5xDL50 L. interrogans L1-130




Subprojeto 2




Pichia pastoris

0 levedura metilotrofica

®  ytiliza metanol como Unica fonte de carbono

[ adequada para a expressao de proteinas heterologas
= facil manipulacao genética

= crescimento rapido em meios relativamente simples
= promotor AOX induzivel por metanol

= altataxa de expressao

= capacidade de fazer modificagdes pos-traducionais

» permite expansdo para producgdo de proteinas

em escalas industriais



OMPs de Leptospira (LigA e LipL32)

Expostas na superficie celular

Expressas durante a infeccao em mamiferos
Conservadas em sorovares patogéenicos
Ausentes em saprofitas

Ligantes de componentes da matriz extracelular




LPS

OM

Periplasm

Cytoplasm

Haake , 2005. ILS meeting (Tailandia)



Antigenos

LigA protein — 128 kDa

LigANI-63 kDa
Amino acids 625 - 1224

LigB protein — 201 kDa

LigBrep — 54 kDa
Amino acids 131 - 645

LigBNI- 66 kDa
Amino acids 625 - 1259

Schematic representation of LigA and LigB proteins and recombinant fragments. Boxes represent bacterialimmunoglobulin-like (Big) tandem
repeat domains (~g9o amino acids). Amino acids 102 to 630 (Big domains 2-6 and part of 7) of LigA and LigB, the region with 100% amino acid
sequence identity between these two proteins, are represented as grey boxes. The C-terminal Big domains of LigA (amino acid position 631-
1,224) and LigB (amino acid position 631-1,119) have lower amino acid sequence identity (38%) and are represented as hatched boxes. Lines
represent the three recombinant fragments, LigANI, LigBrep and LigBNI that were cloned and expressed.



Antlgenos 67 —100% de

Imunoprotecao
LigAni em hamsters

Published in final edited form as:
Faccine. 2007 August 14; 25(33): 62776286,

The terminal portion of leptospiral immunoglobulin-like protein
LigA confers protective immunity against lethal infection in the
hamster model of leptospirosis

Everton F. Silva®2, Marco A. MedeirosC, Alan J. A. McBride?, Jim Matsunaga®-€, Gabriela S.
Esteves®, Jodo G. R. Ramos? Cleiton S. Santos?, Jilio Croda®, Akira HommaC, Odir A.
Dellagostin®, David A. Haake® €, Mitermayer G. ReisZ, and Albert |. Ko
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DBiotechnology Centre, Federal University aof Pelotas, Pelotas, Brazil
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elepartment of Medicine, the David Geffen School of Medicine at UCLA, Los Angeles, California

fDivision of International Medicine and Infectious Disease, Weill Medical College of Cornell University, New
York, USA



Antigenos

L p |_3 2 rHap1 produced in E. coli was tested in vaccination trials
but showed no evidence of direct protection (data not shown).

INFECTION AND IMMUNITY, Nov. 2001, p. 6831-6838 Val. 69, No.
0019-9567/01/504.00+0 DOL 10.1128/1A1.69.11.6831-6838.2001

-

Copyright © 2001, American Society for Microbiology. All Rights Reserved.

Identification of the Hemolysis-Associated Protein 1 as a Cross-
Protective Immunogen of Leptospira interrogans by
Adenovirus-Mediated Vaccination

C. BRANGER,' C. SONRIER," B. CHATRENET,” B, KLONJKOWSKI,” N, RUVOEN-CLOUET,'
A, AUBERT,* G. ANDRE-FONTAINE,"* axp M. ELOIT?
Unité de Bactériologie Médicale et Moléculaire des Leptospires, Ecole Nationale Vétérinaire de Nantes, 44307 Nantes
Cedex 03, Virbac Laboratories, 06511 Carros Cedex,” and UMR ENVA-INRA 955 de Génétique Moléculaire et
Cellulaire, Génétique Virale, 94704 Maisons Alfort,” France

Received 16 April 2001 /Returned for modification 5 June 2001/Accepted 19 July 2001



Metodologia

Bel I Bam HI

/IpL32 (766pb)

Extracao de DNA

gendmico Amplificacao dos

genes alvos

Transformacao
em E.coli TOP10
Digestao para
checar
liberagao do <<:
inserto

Screening for pPICZg A

icleatides




Metodologia

icZaB/lipL32

ppicZaB/ligAni

Linearizacao

:> dos plasmideos

(Pmel)

Extracao de plasmideos em Transformacgao em
larga escala Pichia pastoris

(5 —10 pg de DNA)

= . H |
A,

-2
W r,.-""h.,q.,‘:-ﬂ
\8-* et

Avaliacao da expressao em

meio liquido PCR de col6nia Colony blotting



Metodologia

Purificacao/Concentracao das proteinas
Precipitagao com sulfato de amonia
Ultrafiltracao

Liofilizagao




Metodologia (Precipitacao sulfato de amonia)

Solucgao saturada
de sulfato de
amonia 85%

9o mL de
sobrenadante
contendo as
proteinas
recombinantes

» 25%
> 35%
> 45%
> 60%
» 70%

> 80%

Concentragao do sal

\ VA VA VAV AWV

* Incubadas sob agitacao
pori1hay4°C

* Centrifugadas 10.000 x g
por 15 min a 4 °C

* Pellet ressuspendido em
PBS pH 7.4

* Dialisadas por 48 h em
PBS

* Analisadas e
quantificadas



Retentate/Filirate Vial*—»

*2 identical vials are supplied with each Microcon unit
for use in concentration and recovery spins.

Yellow — Ultracel YM-3 membrane
Green — Ultracel YM-10 membrane
Clear — Ultracel YM-30 membrane
Rose — Ultracel YM-50 membrane
Blue — Ultracel YM-100 membrane

Filirate and retentate in sealable storage vials



Metodologia (Liofilizacio)

Bandejas

F Unidade

Basica

* 2 mL sobrenadante cultivo
e Liofilizadas durante 28 h
* Ressuspendidas em PBS

- mesmo volume inicial

- 10 X concentrada

 Analisadas e quantificadas



Glicosilagcao em P. pastoris

N-glicosilacao (preferencial) - de8a14 residuos de

manose adicionados.

(Asn-X-Ser/Thr)
O-glicosilagao (pouco conhecida)
LipL32 (Asn-Glu-Thn— 1 sitio

ngAnl (Asn-lle-Thr) — (Asn-Val-Ser) — (Asn-Ser-Thr) — (Asn-Ala-Thr) -
(Asn-Ala-Thr) — (Asn-lle-Thr) — (Asn-lle-Thr) — 7/ SI’tiOS



Metodologia (Glicosilacao)

Digestao com Endo H e PNGase F

1—20 pg das Incubadas com tampao de
proteinas |:>> desnaturacao de protel'nas 1X
recombinantes (100 °C por 10 min)
1—5pL EndoH 1—5uL PNGase F
Tampao de reacao Gg 5x Tampao de reacao Gy 10x
(37 °Cpor1h) (37 °Cpor1h)
SDS-page

WB



Perspectivas futuras

Avaliacao do potencial
imunoprotetor em hamsters das
proteinas LigAni e LipL32

expressas em Pichia pastoris.

Grupos Imunégeno Nt]m_ero. de Dose Adjuvante  Numero de doses  Via Desafio (21 dias apds 22 dose)
A rLigAni P. pastoris amTZaIS 80 ug Al(OH);15% 1 (dia0)+1(dia21) IM 5xDL50 L. interrogans L1-130
B rLipL32 P. pastoris 12 80 ug Al(OH);15% 1 (dia0)+ 1(dia21) IM 5xDL50 L. interrogans L1-130
C PBS 12 100 pL Al(OH);15% 1 (dia0)+ 1(dia21) IM 5xDL50 L. interrogans L1-130
D Bacterina 06 10° cél.mLt AI(OH);15% 1 (dia0)+ 1 (dia21) IP 5xDL50 L. interrogans L1-130




Vacinas Vetorizadas
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Subprojeto 3

Expressao de antigenos em

BCGr




Experimentos

Experimento: Expressao das proteinas Ligs em
BCG Pasteur e avaliagdo da imunoprotecao em
hamsters

ANTIGENOS
ligA ligB
| > | > | >

ligBrep ligAni ligBrep | | ligBni ligBct

12691 bp



Mycobacterium bovis BCG pasteur

Vantagens

- Vacina mais utilizada no mundo

- Administrada em dose Unica ap0s o nascimento
- Importante adjuvante

- Pode ser administrada via oral
- Estavel ao calor

- Baixo custo de producgao

- Induz imunidade celular e humoral




Construcao de
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Metodologia

Extracao de DNA
genémico Amplificacao dos

genes alvos

Transformacao
em BCG Pasteur

- Screening

ligB

|

ligBrep

ligAni

ligBrep

ligBni

ligBct

Transformacao
em E.coli TOP10

=

- Digestao com enzimas de restri¢cao

12691 bp

Ec®R1 (3576)

Kan(R)

Smd (3047)
Avd (3045)
Xmd (3045)
Cld (2864)

Avd (277
Xhd (277
HindIII (262f
Pst (2617)
Xbd (2601) *, g
BantlI (2595) N
plSkDa"‘,
Ec®I (2415)
Avd (2016)
Xhd (2016)

pUS2000

3759 bp

|

Smd (1885)
Avd (1883)
Xmd (1883)

oriM

Ligacao
/Ade (465)

~oriC

L
Nca (1178)

AN

Ec®I (1404)




Metodologia

Eelabllvn sigreal (colarimelnc or chamiluminascent

Enzyme covalenty
! Enzyme substrate
Attached to 2¢ antibody .i-'"“"" 5 4

econdary anithody

Teste de a"'-'-'ﬂ*.?” Ef"’f oy

T ) expressioem [IEm)  wdio

f; BCG Pasteur /f"f j,!fff/
> /

membrane blod

Target grotein

Western blotting com
anticorpos policlonais

Imunoprotecao em hamsters
Histopatologia
Cultura



Evaluation of different ways of presenting LipL32
to the immune system with the aim of developing
a recombinant vaccine against leptospirosis

Fabiana Kommling Seixas, Claudia Hartleben Fernandes, Daiane Drawanz Hartwig,
Fabricio Rochedo Concei¢cao, José Antonio Guimaraes Aleixo, and Odir
Antonio Dellagostin

Abstract: Leptospirosis, caused by bacteria of the genus Lepiospira. is a direct zoonosis with wide geographical distribu-
tion. The implications in terms of public health and the economical losses caused by leptospirosis justify the use of a vac-
cine against Leptospira in human or animal populations at risk. In this study, we used the external membrane protein
LipL32 as a model antigen, as it is highly immunogenic. The LipL32 coding sequence was cloned into several expression
vectors: (i) pTarget, to create a DNA vaccine; (if) pUS973, pUS974, and pUS977 for expression in BCG (fBCG); and (iif)
pAE. to express the recombinant protein in Escherichia coli. for a subunit vaccine. Mice were immunized with the various
constructs, and the immune response was evaluated. The highest humoral immune response was elicited by the subunit
vaccine (rLipL32). However, with rBCG, the titer was still rising at the end of the experiment. The serum of vaccinated
animals was able to recognize LipL32 on the membrane of the Leptospira, detected by indirect immunofiuorescence. A
monoclonal antibody anti-LipL.32 was shown to inhibit the growth of Leptospira in vitro, indicating potential protection in-
duced by the LipL32 antigen.

MICROBIOLOGY

Kev words: Leptospira, LipL32, recombinant BCG, subunit vaccine, DNA vaccine.

MICROBIOLOGIE

Canadian Journal of Microbiology_2007




Seixas et al.

Table 1. Bacterial strains, plasmids, and primers used in this study.

473

Strain, plasmid, or primer

Relevant information

Source or reference

Strain
Escherichia coli DH5x
E. coli BL21(DE3) pLysS

Mycobacterium bovis BCG Pasteur

Leptospira interrogans

Plasmid
pTARGET
pAE
pUS973

pUS974

pUS977

Primer
LipPTF
LipPTR
LippAEF
LippAER
LipBCGF
LipBCGR

F-, lacZ AM135, endAl, recAl, supE44, relAl

F- ompT hsdSg (ra~ mg™) gal dem A(srl-recA)306::Tnl0(TcR) (DE3)
pLysS(CmR)

Vaccine strain

Strain Fiocruz L1-130 was isolated from a patient during an outbreak
of leptospirosis in Salvador, Brazil

Mammalian expression vector. Amp’, CMV promoter

Cloning and expression vector, Amp’, T7 promoter

E. coli — mycobacteria shuttle vector, Kan', oriM, promoter hsp60
from Mvycobacterium tuberculosis

E. coli — mycobacteria shuttle vector, Kan", oriM, hsp60 promoter
and signal sequence of M. fuberculosis antigen 19 (MT19)

E. coli — mycobacteria shuttle vector, Kan’, oriM, promoter P4y from
Mvcobacterium paratuberculosis

S-ATGGGTGGTCTGCCAAGCCTAAAAAGCTC-3
"TTACTTAGTCGCGTCAGAAGCAGC-3
-ccgCTCGAGGGTGGTCTGCCAAGCCT-3
LeGAATTCTTACTTAGTCGCGTCAGAAGC-3
5-taTCTAGAGGGTGGTCTGCCAAG-Y
S-cggAAGCTTTTACTTAGTCGCG-3'

L L Ln

Invitrogen, USA
Novagen, USA

FIOCRUZ-RJ
Ko et al. 1999

Promega, USA
Ramos et al. 2004
Medeiros et al. 2002

Medeiros et al. 2002

Medeiros et al. 2002

This work
This work
This work
This work
This work
This work

Note: In primer sequences. lowercase letters denote nucleotides added or modified to facilitate incorporation of restriction sites, marked in bold.



Fig. 1. (A) Sodium dodecyl sulfate — polyacrylamide gel electro-
phoresis of purified rLipl32. Lane |, protein ladder (Invitrogen);
lanes 24, purified rLipL32 fracuons. (B) Western blot with mono-
clonal antibody 1DY demonstrating LipL32 expression in BCG.
Lane 1, rBCG transformed with pUS973/lipL32; lane 2, rBCG
transformed with pUS974/lipl.32; lane 3, rBCG transformed with
pUS9T77/lipl32; lane 4. BCG (control).

Table 2. Groups of mice and vaccine preparations used in the experiment.

Group  Immunogen Dose Route
A pTARGET (control) 100 pg of DNA IM
B pTARGET/lipL32 100 pg of DNA M
B Aluminum hydroxide 15% Aluminum hydroxide M
D Recombinant LipL32 100 pg of rLipL32 + 15% aluminum hydroxide M
E BCG (control) 10° CFU of BCG IP
F rBCG (pUS973/lipL32) 10¢ CFU of BCG IP
G rBCG (pUS974/lipL32) 10* CFU of BCG IP
H rBCG (pUS977/lipL32) 10° CFU of BCG P

Note: CFU, colony-forming units; 1P, intraperitoneal injection: 1M, intramuscular.



Can. J. Microbiol. Vol, 53, 2007

Fig. 2. Mean seroconversion, determined by ELISA. of anti-
LipL32 systemic antibodies from mice inoculated with different
vaccine preparations. Mice were inoculated at days (0 and 21 of the
experiment. (A) Evaluation of the immune response elicited by the
DNA vaccine pTARGET/lipL32 and the rBCG constructs. (B) Eva-

luation of the immune response elicited by the subumit vaccine
(purified rLipl.32).
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Fig. 3. Western blot analysis of pooled sera from mice inoculated
with different vaccines against crude extract of Leptospira interro-
gans. Lane 1, Benchmarker™ prestained protein ladder (Invitrogen);
lane 2. pTARGET/lipL32 (day 0); lane 3, pTARGET/lipL.32 (day
168); lane 4, rBCG (pUS974/lipL32) (day 0); lane 5, rBCG
(pUS974/lipL.32) (day 168): lane 6, rBCG (pUS977/lipL.32) (day 0):
lane 7, rBCG (pUS977/lipL.32) (day 168); lane 8, rLipL32 (day 0);
lane 9, rLipL32 (day 168); lane 10, monoclonal antibody 1D9.

Fig. 4. Indirect immunofluorescence with intact Leptospira interrogans. (A) Pooled sera from animals vaccinated with the DNA vaccine
(pTARGET/lipL32), (B) rBCG (pUS974/lipL32), (C) tBCG (pUS977/lipL32), (D) rLipL32, (E) pooled sera from the saline group.
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JVAC75721-8

Vaccine (2007) xxx, 200—xxx

available at www.sciencedirect.com

i

"o, ScienceDirect

journal homepage: www.elsevier.com/locate/vaccine

Recombinant Mycobacterium bovis BCG expressing
the LipL32 antigen of Leptospira interrogans
protects hamsters from challenge

Fabiana Kommling Seixas?, Everton Fagonde da Silva?,
Daiane Drawanz Hartwig?-®, Gustavo Maia Cerqueira?,
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Fig. 1 Western blot developed with MAb 1Dg
demonstrating LipL32 expression in BCG. Lane 1,
rBCG transformed with pUSg73/lipL32; lane 2,
rBCG transformed with pUS974/lipL32; lane 3, rBCG
transformed with pUSqg77/lipL32; lane 4, rBCG
transformed with pUS2000/lipL32 and lane s,
wtBCG (control).

Table 1

Groups of hamster and vaccine preparations used
in the experiment

Group Immunogen Dose Route
Group A wtBCG (control) 10° CFU of BCG  i.p.
Group B rBCG (pUS973lipL32) 108 CFU of BCG  i.p.
Group C rBCG (pUS974/liplL32) 108 CFU of BCG i.p.
Group D rBCG (pUS977/liplL32) 108 CFU of BCG i.p.
Group E rBCG (pUS2000/lipL32) 10°CFU of BCG i.p.
Group F  Killed whole-leptospires 10° Leptospires i.p.

i.p., intraperitoneal injection; CFU, colony-forming units.
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Fig. 2 Seroconversion of total antibodies anti-LipL32 of hamsters inoculated with wtBCG, rBCG
(pUS973/lipL32), rBCG (pUS974/lipL32), rBCG (pUS977/lipL32) or rBCG (pUS2000/lipL32), expressed
in ELISA units. Recombinant LipL32 was used as antigen in the ELISA. Results are expressed as
mean seroconversion, for pool serum samples. *p < 0.05 in comparison to the control groups. (IP)
Intraperitoneally immunized animals. (C) Intraperitoneally challenged. Each point corresponds to
the pool of sera of the corresponding group of animals from the first experiment.
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Fig. 3 Percentage of
survival of hamsters
challenged  with L.
interrogans Li130.
Asterisks  denote a
significant difference in
survival rate  when
compared to  the
control group (p < 0.05).
Data represent all
experiments

summarized.
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Fig. 4 Survival of hamsters challenged with L. interrogans L1130 after immunization with rBCG.
Hamsters were immunized with wtBCG (control), rBCG (pUSg77/lipL32) and rBCG (pUS2000/lipL32).
The log-rank sum test was used to determine significant differences for survival, between the groups
immunized with rBCG and the negative control group (p<o.05). Data represent the combined
results of three separate experiments.
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