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History

+  Over 115 years old (est. 1887)
Melbourne based, universally placed
Formerly known as

— The Working Men's College

— Rayal Melhourne Institute of
Technology
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Onshore

+ RMIT Gity campus
* Bundoora campus
= Brunawick campus
+ Paint Cook

= RMIT Hamilton

Offshore International
Universities

+ RMIT Vietnam
- Ho Chi Minh City
- Hanoi
- Saigon South

SMIT Unlvetrsily

Campus locations

West @@ Est

Bundoors Gampus
."l Plenty Aoad
Hamilton Site :
Glenelp Hign !
:‘"“9 B Brunswick
. Campas
"-ml_n!I_w_u:l Sirant
c==eo- Gity Campus

La Trobo Btrest

> Point Cook Site

it phillis hay

EH

¢ RMITLFr 4 2182

+ W Fo—F-F4 182

s AEFEHTL P F e 2N
s Rtk irud

+ RMITAAZ )L

High D xA

© RMITARF A
-m—'}iym
Al
B i e 5 i 4

Fo U NADIEFR

4

et 0 Est
Bundoorn Campus
& Plenty Road
Hamilton Site oo ;
Gienlg Hignw .
"'“'ﬂ'!n.u. - Brunswick
B Enmpgg.
1 Dwaan iren)
- Gity Gampus

La Troba Sirael

. PPainl Cook Sila

part pfillin Gxy




Student origins
- *.*-
: - »
*® ’.l!‘-.‘ - —..
n'": T Y}E: & “
. "i ’t 2 L"
™ Bl s
.I" .~} % =
L - " m
* !, '.ﬁr-' = 2 .
: 3 \
.:‘ * “ . ’
- L
L L3 &
L
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School of Applied Sciences

Biotechnology laboratories
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Infectious diseases in food production animals

Disease has two differing effects on farm animals:
Results in lower production, and therefore lower profit margins, or;

Can result in the lransmission of disease from the animal to humans (i.e:
Zoonotic bacteria)

In poultry, two major bacterlal diseases are Salmonella and Campylobacter

Both can infect and cause disease in humans
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Salmonella enterica

+ Salmonella enterica comprises hundreds of serovars
« Varlous serovars can infect either humans, chickens, or both
+ Salmonella enterica Serovar Typhi casues typhoid fever

+ Salmonella enterica Serovar Typhimurium causes Sallmonellosis
—Often abbreviated to S. lyphimurium

* The predominant serovar in chickens is S. typhimurium
—Also 8. sofia (rarely infects humans)
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Salmonella enterica Serovar Typhimurium

« S. typhimurium can chronically infect poultry
* Verlical transmission (via eggs) is commaon

* Horizontal transmission (bird-to-bird) is very fast within a poultry shed and
leads rapidly to the entire flock being infected

* Infection is often asymptomatic in poultry, but can cause disease

+ Can be passed to humans causing gastroenteritis
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S. Typhimurium infections in humans

» Salmonellosis in humans

= Acule gastro-enteritis, usually self-limiting

+ Typically contracted through contaminated foods
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Campylobacter

+ Almost all chickens will harbour Campylobacter as
a commensal

+ This causes no ill-effects in poultry

« However, transmission to humans results in
gaslroenteritis, or Guillian-Bare syndrome (GBS)

* Post- harvesting measures to reduce
Campylobacter (chilling, chlorine wash etc) are
costly and can degrade the product

* A vaccine to reduce burdens would be the optimal
solution
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Relative incidences of bacterial disease in humans
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Prevention of bacterial infection in poultry

+ Biosecurity is a key strategy for limiting infaction, Nothing goes inta the paultry sheds that
is not tested for infection. It also limits insects, which can also carry disease

+ This is expensive, and in practice, difficult to eliminate infection

+ Antibiotics can be used, but this is not desirable

* Vaccination would be a viable, sustainable strategy
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Vaccination against Salmonella in poultry

+ Vaccines have been developed that can protect poultry against infection by
Salmonella

* This reduces disease in chickens, and also reduces transmission to humans
* One such vaccine is STM-1 (Salmonelia typhimurium mutant 1)

= This vaccine was developed at RMIT by Professor Peter Coloe and
colleagues

- After vaccination, chickens are significantly protected against colonisation
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Why is a Salmonella vaccine needed for
food animals?

* Protection of flock, stock or herd against
economic loss

* To stop transfer of disease

* To ensure product quality
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VaxsafeR ST

+ 8TM-1 is an attenuated, live vaccine

Vaxsafe® ST
(Strain STM-1)

« Itis administered to day-old chickens

= It is administered in drinking water

= S5TM-1 infects chicks, induces immune
responses, but then dies

* The immune responses prevent infection
by wild-type Salmonella
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Vaxsafe® ST

« STM-1 is was constructed by transposon— mediated mutagenesis
targeting the aroA gene region. This results in attenuation

* The vaccine is not considered a GMO, as no foreign genes have been
inserted

« We have characterised the chromosomal architecture

* There is no passibility of reversion of the STM-1 strain

« Can STM-1 deliver antigens from other pathogens?
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Phosphoenol pyruvate + erythrose-4-phosphate
2-kelo-3-deoxy-D-arabinoheptulosonale
j -7-phosphate synthase (arof, aroG, aral)
2-Keto-3-deoxy-D-arabinoheptulosonate-7-phosphate
Aromatic 1 dehydroguinate synthase (aroB)
: = 3-Dehydrogquinat
Biosynthetic Shitionumats

3-dehydroquinate dehydrase (aro)
P athway 3-Dehydroshikimate

(i ncom pl etE) l shikimate dehydrogenase (o)
Shikimate

J' shikimale kinase (arol)
Shikimate-5-phosphate
l J-enolpyruvylshikimat-5-phosphate
synthase (@reA)
3-Enolpyruvylshikimate-5-phosphate

-—| l chorismate synthase (aroC)

Chorismate
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Folic acid

p-aminobezoaic acid

Vitamin K2
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Effects of oral vaccination on excretion of virulent S.

typhimurium

GROUP VACC. CHALLENGE EXCRETION
at 35 days (%)

1 Nil 10" 20

2 Nil 10° 30

3 Nil 10° 50

4 10° 10° 0

5 10® 10° 0

6 10° 10° 0
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A Universal Vaccine Delivery System?

+ As in laboratory strains of E. coli, Salmonella can be “tricked” into expressing
genes from other species

+ These genes produce protein

* The protein will be recognised by the host as foreign (as all Salmonella
anligens are) and immune responses to it will be induced

< These may be able to protect against the pathogen

+ Therefore, vaccination with recombinant STM-1 will protect against both
Samonella and the pathogen from where the heterologous gene was derived
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Heterologous Expression

Fathogen with key antigen on surface

Clone gene encoding antigen

Introduce into STM-1
Vaccinale- induce protective (plasmid or chromosome)
responses?
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Why use Salmonella as a vaccine vector for antigens?

« It will induce both cellular and humoral responses

« It can be given orally

* The antigen when expressed in Salmonella can be produced cheaply

« Salmonella aro mutants are safe and cannaot revert to virulence

+ The vaccine could be produced for incorporation into chicken and duck feed

* The vaccine strain does not persist in the environment
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Possible limitations of the use of Salmonella as a vector?

* The glycosylation of the antigen will have to be
manipulated

* The vaccine may not take if antibiotics are present

* The vaccine may not induce a strong antibody response
against the heterologous antigen

* Insertion of foreign genes requires regulatory approval
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Preliminary studies (model antigens)

FEMS

MICROBIDLOGY

HLSEVIER R i

B T

Delivery of a heterologous untigen by u registered Safmnnellu vaccine
(STM1)

Lndang W. Bachiiar *, KuoChing: Sheng %, Theodora Fifis ¥, Anun taamwrells &
Magdakeria Plebeski ® Peter 1 Coloe % Peter M. Smooker

¥ s of Wottrimbicy sl iiremsaal By, R dhiory 8 00 by 1, Bndrni 1% B o
(A ke, Mitdibain T v

ieind 5 35 il B | gt S a5 At 11

Fir bl i (8 Brpasshee 2641

Vil bR

v Al Hygpiiy Himerved

Influence of Promoter, Gene Copy Number. and Preexisting Immunity
on Humoral and Cellular Responses 1o a Vectored Antigen
Diclivered by a Salmonelle enterica Vaccine”

Maimenitia Saowilin Pater 1, G il Peter M. Smike
Sphord f Al Sumvsees, RAUT Ussgiits, e, 1iciom, Aipsiribia

Wicaivisl 12 Tuly 2RIl 1 WA b Oiebsr 0 Arsptal ) Cxaptsr Dum

200BRMIT Unfvarsity

Infaimation Tachnplogy Servic 1ol el Applied

FHEHAE(ETILHRER)
FEMS

MIEAOAI0LEGY
Lt
FLSEVIER R e

islspy oy

Delivery of a helerologous antigen by a remistered Sulmonelli vaceine
(5TML)

Endang W Bachiir *, Koo Cling Sheag **. Theodom Fifis ' Anita Gamurellis %
Mitgdalieng Plebanshi . Pater J, Coloe %, Peter M. Smuoker

* Bguain el iy WAttty P v ¥, ko
i L.l Koy B, kB TH s

ol iy vevsad frem 1F Augn 9T seoued 2 Angse Zwit

i dubitad 11 |4 Suamir 2wl

ET S
i

gy Al Bl eyl

Influence of Promoter, Gene Copy Number, and Preexisting Immunity
on Humoral and Cellular Responses 1o a Vectored Antigen
Delivered by a Selmonella enterica Vaceine”

M gindri Sazui,
Xodusd i Angiid Koy

) Catow, iml) Peiay M, Smivokar
Jiv, Wi, Vhidonya, Auesimilis

Wi 12 July 20006 Rewmid for meaditiciiban B O 28 Adcomod 3 Gaeba Jile

27



What have we found?

+ The foreign gene can be expressed from 12 3 4 5 6
either a plasmid (medium copy-number),
or inserted into the chromosome. Both :: i

result in immune response Induction to —= i kd

the recombinant protein AT == g B
—30 kd
422 kd
+ Both humoral and cellular responses are
induced
+ Various promoters can be utilised Expression of a Campylobaatar antigen
vinunlised by wastarm blatling, Lanas!
1, STM-1 wathout plasmid vecior;
Z, nir8 promatar, nhmm_mnmn“
* Pre-existing immunity does not hinder i
responses to vaccination 5, pagC promotar plasmid;

. Pratein marker. Molecular mass is indicated
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An Example- can we vaccinate against Campylobacter?

« Can colonise chickens to high levels (10% per gram intestinal contents)
= Immune responses are weak. Limited inflammataory responses

+ Some studies have shown that components of the outer membrane of
Campylobacter kill chicken immune cells

* Not known what these companents are

C. jejuni (Fry, 1997)
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Vaccination

+ Many vaccine trials performed over the years

* Most strategies DO NOT reduce subsequent colonisation of Campylobacter

* Vaccination requires two complementary facets:

1. The choice of antigen

2. How the antigen is delivered- must induce appropriate immune responses
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Choice of antigen

+ This was traditionally done empirically- e.g. take sera from infected animals,
identify recognised antigen. Often does not lead to good antigen selection

* However, there are well recognised virulence antigens in most pathogens

+ Every organism has a set of genes encoding proteins specific for that
organism (orphan genes)

« |t is proposed that these proteins are primarily responsible for the niche the
organism can occupy

< Some of these may be promising vaccine targets
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Analysis of Campylobacter genome and proteome

+ Genome is small- 1.64 Mbp. Very tightly packed with genes
« Encodes approximately 1600 proteins

* How many of these are on the cell membrane or secreted (and can therefore
interact with host cells)?

= We can use Bioinformatics to predict this:

—SignalP to see which proteins carry traditional signal peptides

—SecretomeP to see which proteins might be secreted non-classically
Hydrophobicity plots to search for transmembrane regions
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Secreted proteins

* It is predicted that there are almost 400 proteins that are either
transmembrane proteins or secreted

+ Some of these may be potential vaccine candidates
+ Selected genes will be inserted into STM-1, and used in vaccine trials

* This research is ongoing |
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