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Bacteriophages: viruses that ‘devour’ bacteria

L

SCIENCE I



Bacteriophages in aquatic environment

e Viruses, most abundant life forms. Most of these are
bacteriophages

* Viral lysis removes 20-40% of the standing stock of
prokaryotes every day

* Highly diverse — may have linear or circular dsDNA, linear or
circular ssDNA, linear ssRNA or dsRNA
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Figure 1 | Relative biomass and abundances of prokaryotes, protists and viruses.




LYTIC AND LYSOGENIC STAGES



TRANSDUCTION - BACTERIOPHAGES AS VECTORS OF GENE
TRANSFER IN THE NATURAL ENVIRONMENT
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Lambdoid phages

 Lambdoid phages are dsDNA phages. They can integrate and
excise from the host chromosome catalysed by a phage
Integrase.

 Many lambdoid phages have been shown to encode bacterial
virulence factors eg shiga toxins (Stx1 and STX2) encoded

within pathovars of Escherichia coli.



Examples of bacteriophages carrying
virulence genes

Bacterium Phage Gene Product Phenotype
Vibrio cholerae CTX phage cholerae toxin cholera
Escherichia coli lambda phage | shigalike toxin hemorrhagic diarrhea

Clostridium botulinum  ||clostridial phages|| botulinum toxin ||botulism (food poisoning)

Corynebacterium diphtheriae |corynephage beta|| diphtheria toxin diphtheria

Streptococcus pyogenes T12 erythrogenic toxins scarlet fever




Filamentous bacteriophage

Contain a circular single-stranded deoxyribonucleic acid
(ssDNA) genome packaged into long filaments.

Do not reproduce by lysing bacteria; instead, they are
secreted into the environment without killing the host.

Some filamentous phages enhance the virulence of their host
organisms, the most striking example being the CTX® of Vibrio
cholerae, which encodes cholera toxin.

Toxin-coregulated pilus (TCP), an essential colonization factor
that is also the receptor for CTXo.

The genes involved in the biosynthesis of TCP reside in a
pathogenicity island (VPI)



Vibrio spp

Comma shaped gram negative bacteria native to the aquatic
environment.

Mostly halophilic, some are found in fresh waters
Over 80 species identified

Human pathogens
— Vibrio cholerae
— Vibrio parahaemolyticus
— Vibrio vulnificus



Vibrio spp

e Pathogens of aquatic animals
— Vibrio harveyi
— Vibrio anguillarum
— Alivibrio salmonicida
— Vibrio penaecida
— Vibrio vulnificus
— Vibrio owensii

e Vibrio harveyi clade includes eleven species: V. harveyi, V.
alginolyticus, V. parahaemolyticus, V. campbellii, V.
rotiferianus, V. mytili, V. natriegens, V. azureus, V.
sagamiensis, V. owensii, V. jasicida
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Vibrio cholerae - genetically and serologically
highly diverse

from human disease point of view

Choleragenic Non-choleragenic

O1 and 0139 serotypes Non-01/0139 serotypes



Classification Scheme

Division into ribotypes

Designed using information presented in review by NS Crowcroft. 1994. Cholera: Current Epidemiology. The
Communicable Disease Report. 4(13): R158-R163.




Choleragenic Vibrio cholerae

Cholera toxin gene comes from filamentous bacteriophage
CTXd

ctxAB gene sequence is highly variable between classical and
el Tor strains

Till 1993, only O1 V.cholerae was recoginsed as choleragenic.
Isolates from outbreaks that occurred in India and Bangladesh
during 1992-93 did not belong to O1 serotype. Since it was
different from 138 V. cholerae serovars known then, this was
designated O139.

Molecular analysis of 0139 V. cholerae suggests that this is
very closely related to El Tor variety of V. cholerae O1. It
seems to have acquired genes for new lipopolysaccharides.



Choleragenic Vibrio cholerae

In the aquatic environment, it is possible to find ctx-ve O1 V.
cholerae.

Under suitable environmental conditions, toxigenic V.
cholerae produce CTX particles that can infect ctx-ve O1 V.
cholerae and convert them into toxigenic strains.

Strains isolated from outbreaks contain multiple copies of
CTXd
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Diverse V. cholerae Selection for toxigenic O1 and O139 V. cholerae
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Figure 1| Phylogenetic relationship of Vibrio cholerae strains. On the basis of the antigenicity of the O antigen
component of the outer membrane lipopolysaccharide, more than 200 serogroups (O1-0200) of Vibrio cholerae exist in
aquatic environments. Only a subset of O1 and 0139 serogroup strains are toxigenic (Tox") and therefore capable of
causing cholera when ingested; such strains are selected for in the host. Other strains are non-toxigenic (Tox™) and are
selected against. Different O antigen types are indicated by the colour of the outer membrane and sheathed flagellum
(the periplasmic space and the inner membrane are not shown). Capsules are present in a subset of strains. Different strain
genotypes are indicated by the colour of the cytoplasm; note that Tox* O1 and 0139 have essentially the same genotype,
with the exception of the O antigen genes.

Source: Nelson et al., 2009



Choleragenic Vibrio cholerae

Can non-01/0139 V. cholerae aquire bacteriophage CTX¢ and
become choleragenic?

Toxin-coregulated pilus (TCP), an essential colonization factor
that is also the receptor for CTXo.

Most non-01/0139 V. cholerae are negative for TCP.

Over 100 years after discovery of V. cholerae O1, eight
pandemics of cholera have been recorded. These involved O1
V. cholerae and 0139 serovar more recently.

Evolution of 0139 is not due to ctx gene acquisition by a new
serotype, but due to acquisition of new somatic
lipopolysaccharide producing genes by an el Tor strain.



Choleragenic Vibrio cholerae

* VPl is highly stable, but it can excise from the chromosome
and form a circular intermediate at very low rates. It is non-
self mobile, but experimentally, VPI could be transferred
between O1 strains of V. cholerae by generalized
transduction.

e Since CTXphi uses TCP as its receptor for infecting recipient
cells, the acquisition of TCP pathogenicity island is the most
likely initial genetic event required for the evolution of
epidemic strains.



Lytic bacteriophages of choleragenic V. cholerae

e |t was discovered in the 1930s that cholera cases were
positively correlated with the isolation of vibriophages in the
aquatic environment.

* V. cholerae typically outnumbers lytic bacteriophages
immediately after passage from the host.

* Vibriophages will subsequently increase in density, ultimately
promoting a decline in the outbreak



Filamentous phages in Vibrio spp

Phages related to the filamentous phages based on the
replication protein-encoding gene are present in nearly every
Vibrio genome sequenced to date including V. fischeri, Vibrio
parahaemolyticus, Vibrio mimicus, V. shilonii, Vibrio
splendidus, and V. vulnificus.

The V. parahaemolyticus filamentous phages exhibited
significant amino acid identity and were most related to two
V. harveyi phages present in the genomes of two different V.
harveyi strains that were sequenced recently.



Table 2. Vibrio phages characterized to date

Host Size Accession
organism Phage Phenotype (bp) CDSs number

V. cholerae CTX Pathogenicity 7000 10 ACFI8534
V cholerae pTLC Unknown 4719 5 NC_004982
V cholerae K139 Unknown 33106 44 MNC_003313
V cholerae KSF-1phi Unknown 7107 12 NC_0D06294
V. parahaemolyticus KVP40 Unk nown 2443834 381 MWC_005083
V. cholerae VEJphi Unknown 6842 11 NC_012757
V. cholerae VGJphi Unknown 7542 13 NC_004736
V. harveyi WVHML Unk nown 43198 57 NC_004456
V. cholerae VP2 Unk nown 39853 47 NC_005879
V cholerae VPS5 Unknown 39786 48 NC_005891
V. parahaemolyticus V882 Unk nown 38197 71 NC_009016
V. parahaemolyticus VP33 Unk nown 43931 44 NC_012662
V cholerae VSK Unknown 6882 14 MNC_003327
V. parahaemolyticus pO3Ke Unk nown 8784 10 MNC_002473
V. parahaemolyticus V12 Unk nown 7965 7 MNC_005949
V. parahaemolyticus V33 Unk nown 7965 7 MNC_005948
V. parahaemolyticus VIO3KE Unk nown 8784 10 MNC_002362
V. parahaemolyticus VIO4KBS Unk nown 6891 8 MNC_002363
V. cholerae fs1 Unk nown 6340 15 NC_004306
V. cholerae fs2 Unknown BB51 9 MNC_0D01956
V. cholerae kappa Unk nown 33134 45 NC_010275
Unknown VP4 Unk nown 39503 31 NC_007149
V. parahaemolyticus VpV262 Unk nown 46012 67 MNC_003907

Source: Hazen et al., 2010
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Vibrio parahaemolyticus

Global distribution

Human illness is associated with strains producing a
thermostable direct hemolysin (TDH) or TDH-related
hemolysin (TRH)

Both these genes are present in ‘pathogenicity islands’ and
have been possibly derived by lateral gene transfer.

tdh+ and trh+ strains account for only a small proportion of
environmental V. parahaemolyticus population (1-2%).

Pandemic clone of V. parahaemolyticus carries a filamentous
phage f237. No virulence gene has yet been characterised and
some pandemic strains lack f237.



Vibrio parahaemolyticus

Possibly, in addition to tdh and trh genes, other genes are
involved in virulence.

TDH is a pore forming cytotoxin

T3SS-1is present in both clinical and environmental strains
and gas the same G+C content as the rest of genome

T3SS-2 is present in most clinical strains and has G+C content
less than rest of genome suggesting that this may an
integrative element like pathogenicity islands

T3SS-2 is present on chromosome 2 as are tdh1 and tdh2. This
may be coding for an enterotoxin



Bacteriophages in virulence of other
pathogenic Vibrio spp

Bacteriophage VHML confers virulence to V. harveyi (Munro et
al., 2003).

Bacteriophage VOB likely to be responsible for virulence of V.
owensii (Busico-Salcedo and Owens, 2013).
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GUIDELINES ON THE APPLICATION OF GENERAL PRINCIPLES OF
FOOD HYGIENE TO THE CONTROL OF PATHOGENIC VIBRIO
SPECIES IN SEAFOOD

CACI/GL 73-2010

CAC/GL 73-2010

ANNEX ON THE CONTROL MEASURES FOR

Vibrio parahaemolyticus and Vibrio vulnificus in Bivalve Molluscs’
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used (replicates advised)

Direct Plating Enrichment Presence-Absence MPN
Performance Hybridization Selective plating W/o se!ective Plate Broth only
criteria No hybridization (non- plating
selective) _ _ . . Molecula
Biochemical | Molecular | Molecular Biochemical r Molecular
Quantitative . Y
method? N (presumptive) Y N N N leresuEdia) Y Y
Recover depends on
v medium Y Y Y Y Y Y Y
stressed cells? ..
selectivity
Variability low low low higher due to MPN approach
D|st|ngU|s.h!ng N v N v v N v y
pathogenicity
Strain
h terization, . . . . . .
charac (?rlza ‘on Y (colonies obtained) Y (colonies obtained) N Y (colonies obtained) N
sub-typing,
possible?
Time to results 3-4 days
(approx 18-24h° 2-3 days |(presumptive| 3-4 days 1-2 days 5-10days |4-5days 1-2 days
estimates) )
Availability of : . . medium- . . : :
Supplies® high high high high high high high high
low (exception
skill level® specialist medium low medium high medium high high
medium)
Cost low medium-highi medium mﬁ;}m— medium-high high very high high
Test volume limited to 0.1-0.2 g per plate 25g compositve sample is frequently 25g compositve sample is frequently

used (replicates advised)




End use

Harvest area
monitoring

Post harvest
process verification

End Product
monitoring

(raw or processed)

Outbreak
investigation

Growth studies

Enrichment Presence-Absence

Selective plating

W/o selective

ranges from low to
high value (see text pg.
12)

plating
Biochemical Molecular Molecular ¢
negligible value limited value [limited value]

negligible value

limited value or
high value *

limited value or high
value

limited value

limited value or
high value ®

limited value or high
value

limited value

high value

high value

negligible value

negligible value

negligible value




Training on Vibrio methodology

In association with the International Life Science Institute
(ILSI), FAO conducted a training Workshop on V.
parahaemolyticus methodology at Nanyang Polytechnic,
Singapore in November, 2012. Ten countries in Asia
participated.

In November, 2013, a similar training is planned in association
with ILSI Latin America for countries in this region.



Bacteriophages for therapy of bacterial
diseases

Emergence of antibiotic resistance in pathogenic bacteria has
led to renewed interest in the use of bacteriophages in
therapy against bacterial diseases.

Encouraging results have been obtained with some pathogens
in aquaculture. Broad spectrum lytic V. harveyi phages have
been used for overcoming luminous bacterial disease in
shrimp hatcheries.



Summary and conclusions

Bacteriopgaes are abundant in aquatic environmemnt and
play a role in controlling microbial populations.

There are examples of lysogenic bacteriophages encoding
virulence genes in Vibrio spp.

Lytic bacteriophages may have a role in decline of epidemics.

More research is needed on the role of bacteriophages in
ecology and pathogenisis of pathogenic Vibrio spp.
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