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acteria in the plant environment




Bacterial attachment to plants
UU Lectins

Solomon, Brandl, Mandrell 2006
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Human pathogens survive on plants
in the field

inoculation of lettuce
seedlings with EcCO157:H7-
contaminated H,O
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Islam et al. 2004
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 Plant surfaces are nutrient-poor, but oases
of nutrients exist

« Availability affected by plant factors and
microflora

warm
temperatu re Role in seasonality of outbreaks?



Growth under warm and wet conditions
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Effect of leaf age on colonization of
Romaine lettuce by EcO157:H7

»

middle

o1

e
©
Q
(@)
N
)
Y
(@)
o/
(@)
@]
—l

Pre- and post-harvest
contamination:

Young (heart) leaves




! EcO157 growth is increased on
TR middle leaves by addition of
e WL nitrogen to the inoculum, but not
P et by addition of a carbohydrate
SRl e e Leal Veints w8l C oL, m T it Elemental analysis of leaf surface washings
: : T &b, N (ug/g leaf) C (mg/g leaf)
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Desiccation tolerance of Salmonella
on leaves

P. agglomerans

P. chlororaphis

Subpopulation tolerant

S. enterica to dry conditions
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Role of UV radiation

Lower surface }  Abaxial, sunny 2.07

Upper surface} Adaxial, sunny 0.10

Derived from Erickson et al 2010

—_—p  effect of less UV radiation and desiccation?



The needle In the hay stack

Rare successful immigration events

BUT even few surviving cells count because

plant sites suitable for pathogen multiplication

low infectious dose of some enteric pathogens eg
EcO157




Early microscope

G. Larson






cell population after inoculation g _
onto lettuce leaves stored at 8C ==




Internalization into plants
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Lesions: the perfect niche for
opportunists

= preferential attachment to cut edges

After chlorine treatment:

» highest survival deep in damaged tissue

» intermediate survival at cut edges

Seo and Frank 1999 JFP
Takeuchi and Frank 2001 JFP

Kroupitski et al JAM 2009



Internalization and growth of EcO157
in damaged Romaine lettuce leaves

Brandl 2008



Growth in lettuce cut stem
and latex

Time of Bacterial Population
incubation population size increase

Log (cells/disc)

2.83A

Lettuce stem disc

Brandl 2008



Growth of EcO157 on shredded lettuce
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centrifugation
of leaf
homogenate

v

supernatant:
lettuce leaf lysate



Microarray analysis of ECO157 gene
expression in Romaine lettuce leaf lysate

Lettuce lysate EcO157:H7

15 and 30 min-incubation
EcO157:H7 RNA extraction
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Upregulation of nutrient uptake genes

A

CUT1 (polysaccharides, glycerol-phosphates, etc) CUT2 (monosaccharides)
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15 min 30 min

(e1-131) Fold Fold
Name Increase Increase Gene Function
etpl 6.7 type Il secreion protein

cou 26 What is the effect of the plant

prelipin peptidase dependent pro’ :in
yadM 3.4 5.7 putative fimbrial protein

| u [ |
fhiA 6.8 11.3 flagellar biosynthesis t th f t
WP 128 74 putative chaerone environment on tne inftectious
ycbQ 5.2 putative fimbriatlike protein ?
Z1291 3.0 hypothetical protein d f th th
71536 3.4 putative usher protein OS e o e pa o g e n L
72361 8.1 protein C Serine peptidase. MEROPS family S49
22506 10.8 partial putative outer membrane channel protein
fliJ 4.6 flagellar protein
73097 3.7 3.8 ATP-dependent Clp protease poteolytic subunit ClpP
yehB 5.5 7.9 putative outer membrane protein
ccmD 13.2 heme exporter protein C
ppdB 6.7 7.9 prepilin peptidase dependent protein B
74180 20.8 putative lipoprotein of type Ill secretion apparatus
74187 16.5 type 11l secretionapparatus protein
724189 6.4 component of typelll secretion
74195 10.8 145 type Il secretion apparatus protein, homolog
74197 11.0 type Il secretion apparatus protein, homoloc
yraH 2.2 putaiive fimbriatlike protein
sepQ 34 7.4 sepQ
escJ 6.2 escJ
escC 18.1 22.1 escC
escU 10.0 10.0 escU
escR 16.8 50.7 escR
75221 3.5 butativz fimbrial protein L]
Z_5225 9.9 12.3 putat?ve majqr fimbrial unit z:f; > AST U >C J_—»V N
fiml 2.7 fimbrial protein €~ —— 3 > - ——
fimF 4.1 fimbrial morphology

Kyle et al. 2010



Upregulation of numerous stress-response genes

cysM 4JcysA [JcysW 4 cysU 4 cysP
14.3

14.1

Iron Acquisition / Regulation

277.1 - 6.1
5.3 -
5.8 19.0

25 2.2
- 3.8
Ribonucleotide Reductases /DNA repair

cysC 4 cysN 4cysD cys. cysK
48.4 32.8 27.9
371 29.3 --

Aliphatic sulfonate utilization

Iron Sulfur (Fe S) Cluster Synthesis / Repair

Degradation of Toxic Compounds / Stress Response

cfl bhsA hC ghD
328
94.5

ycfR

nemR A nemA gloA
48.6 41.9 14.4
50.7 115.8 13.4

72666 yaiN YadhC VyaiM

frmB A frimA A frmR

Antimicrobial stress
and detoxification

gatA
hemB




Growth in lettuce lysate increases
tolerance of EcO157:H7 to H,0,

—l— from lettuce lysate: primed

= l— from cultures: unprimed




Exposure to lettuce lysate increases
tolerance of EcO157 to chlorine
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M9-cultured Lettuce-primed

Kyle et al 2010

==p Hurdle technologies?



Stress tolerance of 12 EcO157 strains related

to the spinach-linked outbreak in 2006
— All strains have same PFGE pattern

Survival to osmotic stress Survival to acid stress

0 5 10 15 20 25 0 1 2 3 4 5 6

Exposure time (h) Exposure time (h)



Interactions with plant microbes

Alternaria & Cladosporium:
7 pH of tomato 7 Salmonella

Alternaria, Cladosporium, Geotrichum & Penicillium:
No growth promotion of Salmonella on cantaloupe rind

Glomerella: # pH of apple 7 EcO157
Penicillium: ¥ pH of apple ¥ Ec0157
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Aspergillus niger & Salmonella

Brandl et al 2011



Syto 9 DNA staining of
Tetrahymena and its fecal pellets
after grazing on Salmonella




Use of Propidium lodide stain to test
cell viability within pellets

Pellet released by Tetrahymena and containing GFP-Salmonella cells

GFP-cell = “viable cell”

Pl-stained cell = “dead cell”



in pellets
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Days of incubation

Brandl et al. 2005



Salmonella-containing pellets produced
by Tetrahymena on plants




The Perfect Storm

Pre- and Post-
Harvest
Plant Habitat
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‘ Plant Microflora
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