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In vitro Assays to Monitor the Activity of Pseudomonas
aeruginosa Type lll Secreted Proteins
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Abstract

Pseudomonas aeruginosa secretes numerous toxins and destructive enzymes that play distinct roles
in pathogenesis. The Type |11 secretion system (T3SS) of Pseudomonas is a system that delivers a
subset of toxins directly into the cytoplasm of eukaryotic cells. The secreted effectors include
ExoS, ExoT, ExoU, and ExoY. In this chapter, we describe methods to induce T3S expression and
measure the enzymatic activities of each effector in in vitro assays. ExoU is a phospholipase and
its activity can be measured in a fluorescence-based assay monitoring the cleavage of the
fluorogenic substrate, PED6. ExoS and ExoT both possess ADP-ribosyltransferase (ADPRT) and
GTPase-activating protein (GAP) activity. ADPRT activity can be assessed by using radiolabeled
nicotinamide adenine dinucleotide (NAD™) and measuring the covalent incorporation of ADP-
ribose into a target protein. GAP activity is measured by the release of radiolabeled phosphate
from [y-32P]GTP-bound target proteins. In accordance with recent trends towards reducing the use
of radioactivity in the laboratory, alternative assays using fluorescent or biotin-labeled reagents are
described. ExoY is a nucleotidyl cyclase; cAMP production stimulated by ExoY can be monitored
using reverse-phase HPLC or with commercially available immunological assays.
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1 Introduction

The T3SS encodes a protein machinery that allows £ aeruginosato directly inject effectors
into the cytoplasm of mammalian host cells. Cells of the innate immune system are thought
to be the central targets for T3SS intoxication. Intoxication of immune cells such as
neutrophils, monocytes, and macrophages allows the bacteria to evade clearance
mechanisms and establish an initial infection [1]. T3S is stimulated by specific
environmental cues, including contact with mammalian cells [2, 3]. Interestingly each of the
identified effectors possesses a domain whose enzymatic activity requires a eukaryotic

4An alternate approach to using secreted supernatants as a source of Type Il toxins is to express and purify recombinant toxins. This
approach is particularly useful for assessing the activity of genetically modified toxins and determining structure—activity
relationships.

18Varying concentrations of ExoS or ExoT (5-100 nM) may be used in this assay. A linear rate of activity can be found at
concentrations of ExoT/ExoS that stimulate hydrolysis of less than 25 % of the available Rho-GTP [37].

25Control reactions should include a reaction without FAS. No activity should be detected in this reaction.
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cofactor, suggesting that these enzymes evolved to specifically target eukaryotic
competitors. Intoxication of cells by the £ aeruginosa T3SS is thought to contribute to
severe human disease [4—6] which is recapitulated in various animal models of acute
infection [7-10]. The role of T3SS enzymes in the unique setting of Pseudomonas chronic
infection remains controversial. While most environmental isolates secrete T3S proteins, the
percentage of Pseudomonas isolates cultured from CF patients that are able to secrete T3S
effectors decreases relative to increased duration of infection [11].

The P, aeruginosa T3SS is regulated by a member of the AraC/XyIS family of transcriptional
activators, ExsA, which is involved in controlling the ten promoters that drive expression of
operons encoding the secretion machinery, chaperones and effectors [12, 13]. Inducing
signals for ExsA expression include growth in a calcium-limited medium and bacterial
contact with host cells [3, 14, 15]. To measure the extracellular accumulation of effector
enzymes, simple mediums have been devised which contain chelators such as EGTA or
nitrilotriacetic acid (NTA). The concentration of chelators varies between investigators but
ranges between 2 and 10 mM [14-18]. A minimal medium has also been reported that
supplements with a calcium chelator and magnesium salts [19, 20].

ExoU is an A, phospholipase [21-23] which targets cellular membranes, resulting in
cytotoxicity in cellular models and pathology, such as lung damage, disseminated infection,
and mortality in animal models [9, 20, 24-28]. In humans, infection with an ExoU-
expressing strain is associated with fatal pneumonia [4, 5, 29]. ExoU activity can be
measured by a fluorescence-based assay in which PEDS, a lipid analog with a BODIPY dye-
labeled sn-2 acyl chain and a dinitrophenol quencher-labeled head group [30], is utilized as a
fluorogenic substrate for ExoU phospholipase activity. In intact PED6, the quencher group
prevents fluorescence emission. Cleavage of the dye-labeled acyl chain of PED6 by an A,
phospholipase eliminates the quenching effect and results in a fluorescent signal [31]. A
eukaryotic cofactor is required for the in vitro activity of ExoU. This cofactor is present in
yeast and mammalian cellular extracts [21, 22, 30, 32] and was initially identified as
superoxide dismutase (SOD1) [30]. Later ubiquitin was shown to be the essential cofactor
for ExoU activity. Ubiquitylated proteins such as SOD1 also activate ExoU [33].
Interestingly, ExoU itself can be ubiquitylated at a specific lysine residue [32]; however,
ubiquitylation is not required for ExoU activity either in vitro [33] or in vivo [32].

ExoS and ExoT have 75 % amino acid identity [34] and are bifunctional enzymes with both
GAP and ADPRT activity [34—-39]. These activities target cellular signaling and the host cell
cytoskeleton. Specifically, the GAP domain of ExoS and ExoT targets small GTPases such
as Rho, Rac, and Cdc42 [36-38, 40]. GTPases cycle between an active GTP-bound state and
an inactive GDP-bound state. Overexpression of a GAP, such as in a cell injected with ExoS
or ExoT, results in the inactive GDP-bound form [36, 41]. GTPase activity can be measured
by loading target proteins such as RhoA with [y-32P]JGTP and determining the release of
[32Pi] from the target protein. 2. aeruginosa inhibits phagocytosis by macrophages in vitro
via the GAP activity of ExoS [42]. ExoS GAP activity disrupts the host cell’s cytoskeleton
and inhibits bacterial uptake [41, 43, 44]. ExoT GAP activity targets the cellular actin
cytoskeleton and prevents bacterial internalization [45].
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ADPRT activity involves transfer of an ADP-ribose moiety from NAD to a target protein.
This covalent modification interferes with the normal function of the target protein. ADPRT
activity can be measured by monitoring the incorporation of [32P]adenylate phosphate-NAD
* onto target protein arginine residues. ExoS and ExoT require a eukaryotic cofactor initially
identified as the Factor-Activating Exoenzyme S (FAS) and later verified as members of the
14-3-3 protein family [39, 46—49]. Unlike most bacterial enzymes with ADPRT activity,
ExoS has many targets, including small GTPases and members of the ezrin, radixin, and
moesin family of proteins [35, 50-55]. ExoS ADPRT activity interferes with host cell
endocytosis [54] and vesicular trafficking [44], is cytotoxic [56] and induces apoptosis in
cellular models [57, 58]. ExoS ADPRT activity may also play a role in immune evasion
through inhibiting secretion of the pro-inflammatory mediator IL-18 [59]. The targets of
ExoT ADPRT activity, Crkl and Crkll adaptor proteins [39], are more limited than that of
ExoS. ExoT ADPRT activity contributes to disruption of the host cell actin cytoskeleton,
impairment of wound healing, and inhibits bacterial internalization [60]. Although not
cytotoxic, ExoT has been shown to contribute to disease in animal models [27, 28, 45, 61].

ExoY was initially identified as an adenylyl cyclase. More recent analyses suggest its
substrate specificity may be broader than initially thought, acting upon UTP, GTP, and CTP.
In the future, these data may lead to the reclassification of ExoY as a nucleotidyl cyclase
([62], R. Seifert, personal communication). The full activity of ExoY also requires an
unidentified eukaryotic cofactor, although basal adenylyl cyclase activity can be detected in
the absence of a cofactor [63]. ExoY disrupts the actin cytoskeleton [63, 64], inhibits
bacterial uptake [65] and causes junctional gaps in endothelial cells [66, 67]. The
mechanism mediating endothelial gap formation appears to be associated with microtubule
disruption as a result of Tau phosphorylation [66, 67]. Ultimately ExoY activity is postulated
to increase lung permeability [66]. Recently, ExoY has also been shown to possess guanylyl
cyclase activity that impacts endothelial gap formation and Tau phosphorylation, although
not to as great an extent as adenylyl cyclase activity [62]. The specific role of ExaY in
animal models is uncertain [28, 61]. Nucleotidyl cyclase activity can be measured by
incubating toxin with its ATP substrate and monitoring cAMP formation by reverse-phase
high-performance liquid chromatography (HPLC) [63], immunological assays measuring
cAMP [62, 66], and mass spectrometry-based assays [68].

2 Materials

2.1 Induction of Type Il Secretion and Harvest of Secreted Proteins from the Supernatant

1 10x Vogel Bonner Minimal (VBM) medium: 900 ml dH,0, 2 g MgSQO4-7H,0,
20 g citric acid (free acid), 100 g KoHPQy, 35 g NaNH4HPO4-4H,0. Adjust the
pH to 7.0. Adjust final volume to 1 I. Autoclave. Store at room temperature (RT).

2. 1x VBM Agar medium: 450 ml water, 7.5 g Bacto Agar (BD). Autoclave. Place
melted agar and 10x VBM in a 50 °C water bath and add 50 ml of sterile 10x
VBM salts to the 450 ml agar/water. Swirl to mix. Pour into 10 cm
bacteriological petri dishes.
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10x Trypticase Soy Broth Dialyzate (10x TSBD): Add 150 g of tryptic soy broth
(Difco) to 450 ml of filtered water. Add 50 g Chelex 100 resin (Bio-Rad). Stir at
RT for approximately 5.5 h or overnight (4 °C). To remove the Chelex resin
subject the mixture to centrifugation at 10,000 x g, 4 °C for 20 min. Pour off the
supernatant and filter it through Whatman #1 filter paper. Soak an Amicon PM30
76 mm membrane (30K MW cutoff) in water to remove glycine. Assemble a
400-ml capacity Amicon stirred ultrafiltration cell (EMD Millipore): place the
filter shiny-side up on the bottom of the concentrator. Place the unit on the
magnetic stir plate and start stirring. Connect the nitrogen gas line to the Amicon
unit. Set the inlet pressure of the nitrogen cylinder to 40-70 psi. Rinse the
membrane several times with filtered water. Pour the filtered medium into the
concentrator. Collect the filtrate in a covered vessel. Filtration will take several
hours at 4 °C. Continue filtering until ~75 ml medium is left in the Amicon unit.
Save the filtered medium (filtrate) and freeze at —20 °C in 40 ml aliquots.

1x TSBD: Thaw 10x filtered medium, dilute 1:10 with high-quality cation-
deficient water (18 mQ) and autoclave.

1x TSBD++: Add glycerol to 1 % final concentration and mono-sodium
glutamate (MSG) to 100 mM final concentration.

2-10 mM NTA or EGTA.
Saturated ammonium sulfate.

SDS-PAGE loading buffer.

2.2 ExoU: Phospholipase Assay

1
2.

Pseudomonas culture supernatant containing ExoU, unconcentrated.
Phospholipase Assay Buffer (pH 6.3): 50 mM MOPS, 50 mM NaCl, 250 mM
MSG, 30 pM A-((6-(2,4-Dinitrophenyl) amino)hexanoyl)-2-(4,4-Difluoro-5,7-
Dimethyl-4-Bora-3a, 4a-Diaza- s-Indacene-3-Pentanoyl)-1-Hexadecanoyl- s
Glycero-3-Phosphoethanolamine, Triethylammonium Salt (PED6) (Molecular
Probes).

K48-linked polyubiquitin (stock solution in 10 mM KPOy, pH 6.3) (Enzo Life
Sciences).

96-well black microplate.

Spectramax M5 microplate reader (Molecular Devices).

2.3 ExoS/T Bifunctional enzymes: GAP Assay

1.

2
3.
4

Purified ExoS [36, 69].

Recombinant ExoT [37].

Recombinant target protein RhoA [36].
[y-32P]GTP.
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GAP Assay Buffer: 50 mM Tris—HCI, pH 7.5, 10 mM EDTA, 2 mM
dithiothreitol (DTT).

MgC|2.
GTP.
0.4 um nitrocellulose.

Scintillation counter.

2.4 ExoS/T Bifunctional Enzymes: ADPRT Assay

1

Secreted ExoS or ExoT: Supernatants from cultures grown as described in TSBD

low-calcium medium [39].
Soybean trypsin inhibitor.
Purified Crk-1 [39].

ADPRT Assay Buffer; 50 mM Tris—HCI (pH 7.4), 0.1 mM NAD
* ([32P]adenylate phosphate-NAD*), 500 nM FAS [70], and 0.2 pg/ul bovine
serum albumin.

SDS sample buffer.

Scintillation counter.

2.5 ExoY: Adenylyl Cyclase Assay

1

3 Methods

© o N o o M ®

1 uM recombinant ExoY [63].

ExoY Assay Buffer: 10 mM Tris—HCI (pH 8), 6 mM MgCly, 0.2 mM CaCl,, 2
mM ATP, and 2 mM DTT.

Postnuclear extract (PNE) from CHO cells [71].

100 % ethanol.

Reversed-phase HPLC C18 column (0.46 cm x 15 cm).

HPLC instrument.

Buffer A: 0.1 M potassium phosphate (pH 6.0).

Buffer B: 0.1 M potassium phosphate (pH 6.0) in 10 % CH30H.
Purified ATP, AMP, and cAMP for use as standards for HPLC.

3.1 Induction of Type Il Secretion and Harvest of Secreted Proteins from the Supernatant

1
2.

Culture Pseudomonas strain on VBM.

Incubate plates at 37 °C for 24 h, then store at RT for 1-2 days (do not store
plates at 4 °C).
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3. Emulsify a large loopful of bacteria in 1 ml of TSBD++ containing 0.01 M NTA.
Obtain an optical density reading at 540 nm (ODsg4g).

4, Dilute the suspension to a final ODg4q = 0.02 in 10 ml TSBD++, +/- antibiotic,
+/- chelator: use either 2.5-10 mM NTA or 2-5 mM EGTA (see Note 1).

5. Grow 10-18 h at 32 °C with shaking to an ODsgyq ~ 4.0.

6. Harvest the supernatant in a microcentrifuge (13,500 rpm or 16,000% g) for 10
min at 4 °C (or 8,000 x gin a preparative centrifuge).

7. For enzyme activity assays, unconcentrated supernatant material may be titrated
into the assay immediately or frozen at —80 °C until the day the assay is to be
performed (see Notes 2-5).

8. For SDS-PAGE analysis, concentrated supernatant material should be prepared.
Continue from step 6 as follows: Remove 0.64 ml of the supernatant to a
microcentrifuge tube containing 0.8 ml saturated NHy sulfate (final concentration
55 %). Keep on ice 2 h or =20 °C overnight. Centrifuge for 10 min in the
microcentrifuge (13,500 rpm or 16,000 x g) at 4 °C. Discard supernatant without
disturbing the pellet. Repeat centrifugation. Remove remaining supernatant and
suspend the pellet in 32 pl of 1x SDS-PAGE loading buffer. Final concentration
of supernatant is 20x (see Note 6). See Fig. 1 for a sample gel showing
concentrated supernatants from 4 strains of £ aeruginosa.

3.2 ExoU: Phospholipase Assay

Carry out all procedures at RT.

1. In a 50 pl total reaction volume, add 20 pl culture supernatant to Phospholipase
Assay Buffer (see Notes 7 and 8). Add K48-linked polyubiquitin stock solution
to a final amount of 0.4-3.0 pg (see Notes 9 and 10).

2. \ortex briefly.
3. Add to a 96-well black microplate.

4, Measure fluorescence intensity (relative fluorescence units, RFU) at 15-min
increments for up to 120 min at RT at an excitation wavelength of 488 nm and an
emission wavelength of 511 nm (495 nm cutoff filter) (see Note 11).

LAlternate mediums for the expression of T3S are discussed in Subheading 1. The authors include the original medium developed by

the Iglewski Laboratory [14] since it can be used in the absence of chelators to assay for extracellular exotoxin A activity [72].
Pseudomonas supernatant material has routinely been used as a source of toxin for enzymatic assays [39, 73].

SToxin activities can also be detected from infected host cells [31, 38, 39, 42, 62, 66, 74].

Total time required for the assay: 1 day is required for growth on plates followed by 10-18 h growth in liquid culture. Harvest of
supernatant will take an additional 10 min. Total estimated time (minimum) of 2 days. Optional concentration of supernatant requires
an additional 2-3 h.

This assay is sufficient to detect activity from unconcentrated Pseudomonas culture supernatants [73].

Recombinant ExoU may also be used successfully in this assay at a final concentration of approximately 34 nM [33].

Although other isoforms of ubiquitin, such as mono-, di-, tetra-, or octa-ubiquitin will activate ExoU, the affinity of ubiquitin for
ExoU increases with increasing ubiquitin chain length. Polyubiquitin was chosen for this assay because of its high affinity for ExoU.

Other isoforms of ubiquitin may also be used in this assay with the concentration dependent upon the isoform used [33].
Determine normal background fluorescence intensity associated with PED6 by performing the assay in the absence of ubiquitin.
Subtract this value from the sample value.
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5. Normalize RFU values relative to growth of the bacterial culture by dividing
RFU value by the ODsgyq value at time of harvest (see Notes 12 and 13).

6. Alternatives to the described assay are described in Subheading 4 (see Notes 14
and 15).

3.3 ExoS/T Bifunctional enzymes: GAP Assay

1 Incubate recombinant Rho proteins at 2 uM final concentration (see Note 16)
with 10 uM [y-32P]GTP for 5 min at 37 °C in GAP Assay Buffer.

2. For initiation of intrinsic GTPase activity, add 12 mM MgCl, and 2 mM
unlabeled GTP to the reaction.

3. For GAP stimulation, add 100 nM ExoS or ExoT (see Notes 17-19) and incubate
at 37 °C for 4 min.

4, Analyze GTPase activity by filter binding (see Note 20): Spot reaction mixtures
on 0.4 pm nitrocellulose, wash filters with GAP Assay Buffer to remove free
radiolabel, dry and then measure remaining radioactivity by scintillation
counting.

5. Report results as percentage of GTP bound initially (100 %) (see Note 21).

3.4 ExoS/T Bifunctional Enzymes: ADPRT Activity Assay

1 Incubate 5 nM secreted ExoS or ExoT (see Note 22) with 3 pM soybean trypsin
inhibitor (SBTI) (see Note 23) or purified Crk-1 in ADPRT Assay Buffer (see
Notes 24-26).

2. Stop reactions at 2, 4, 8, and 16 min by adding SDS sample buffer.

3. Fractionate samples by SDS-PAGE, followed by Coomassie staining.

12The described assay is highly sensitive and can provide kinetic data of ExoU activation. It is the first example in the literature of an
ExoU activity assay with enough sensitivity to detect catalytically active ExoU from an injected eukaryotic cell [31].

Total time required for the assay: This assay runs for 120 min, plus additional time to prepare reagents and the reaction mixture.

The activity of ExoU has also been measured with 14¢ 1abeled lipid substrates [23, 75]. Recombinant ExoU was incubated with
labeled liposomes and eukaryotic cell extract (as a source for the cofactor). Hydrolysis of the substrate was measured by thin layer
chromatography, or alternately by using a scintillation counter.

The activity of ExoU has also been indirectly measured with Ellman’s reagent [76]. Briefly, ExoU-expressing yeast cells were lysed
and incubated with a cleavable phospholipid substrate and then Ellman’s reagent. Cleavage of the substrate yields a free thiol group
that reacts with Ellman’s reagent to form a colored product.

6Recombinant Rac and Cdc42 may be substituted for Rho in this assay [36].

This assay has only been demonstrated for recombinant ExoS or ExoT expressed from £. coli [36, 37] and ExoS expressed from £,
aeruginosa and subsequently purified by gel filtration and ion exchange chromatography [36, 69]. The methods described here apply
to recombinant ExoS. Slight variations to the materials and methods (including concentration of RhoA, toxin, unlabeled GTP, and
MgCly and temperature of the assay) may be necessary for assaying activity of ExoT [37] or ExoS purified from £ aeruginosa [36].

GAP activity of ExoT and ExoS does not require the presence of a eukaryotic cofactor.
20An alternate approach to the filter-binding assay described would be to measure GDP:GTP:P(i) ratios by HPLC [77]. A similar
reaction mixture could be used and radiolabeled nucleotides would not be necessary.

Total time required for the assay: This assay runs for approximately 10 min. Additional time for the filter-binding assay and
scintillation counting (estimated less than one h) is required.

This assay is sufficient to detect activity from concentrated Pseudomonas culture supernatants.

For analysis of ExoS activity with a more physiologically relevant target than SBTI, a similar reaction can also be performed in the
Eresence of 500 nM ezrin, radixin, moesin, or Ras [55].

4ADPRT activity of ExoS and ExoT requires the presence of the cofactor FAS, which is present in the ADPRT Assay Buffer.
26Rather than incubation with FAS and a specific target protein, enzyme and labeled NAD may be incubated with wheat germ extract
or CHO/HeLa cell lysate, which are sources of both FAS and target proteins for ADP-ribosylation [39, 69].
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4, Excise radioactive bands and subject to scintillation counting to measure
incorporation of radiolabel (see Note 27).

5. Determine specific activity as moles of NAD™ incorporation per mole of enzyme
per minute (see Note 28).

6. Alternatives to the described assay are described in Subheading 4 (see Notes 29
and 30).

3.5 ExoY: Adenylyl Cyclase Assay (see Note 31)

1 In a 100 pl final reaction volume, incubate 1 uM ExoY (see Note 32) in ExoY
Assay Buffer. 30 ug PNE from CHO cells may also be added to further stimulate
ExoY activity (see Note 33).

2. Incubate at 30 °C for 4 h (30 min if +PNE).

3. Stop reaction with the addition of 186 pl of ethanol (65 %, final concentration).

4, Incubate at RT 5 min to precipitate protein.

5. Centrifuge at 14,000 x g for 5 min.

6. Harvest supernatants, lyophilize, and suspend in 50 pl distilled water.

7. Perform reverse-phase HPLC to resolve cAMP from ATP and AMP (see¢ Notes
34 and 35): Inject samples into a C-18 column and resolve by washing for 5 min
at 100 % Buffer A, followed by an 8-min gradient to 100 % Buffer B, hold for 5
min at 100 % Buffer B, and return to 100 % Buffer A for 5 min.

8. Monitor absorbance at 259 nm.

9. Calculate formation of cAMP as a percentage of original ATP substrate present

in the reaction.

10.  Calculate retention times using purified ATP, AMP, and cCAMP as standards (see
Note 36).

27 As an alternative to band excision and scintillation counting, the reaction mixture can be fractionated by SDS-PAGE, subjected to
autoradiography, and the incorporation of radiolabel determined by densitometry [78].
This assay runs for approximately 16 min. Additional time for SDS-PAGE and scintillation counting will be required.
A fluorescent assay for ExoS ADPRT activity has also been developed [79]. In this assay, ExoS is added to a reaction mixture of
FAS, recombinant Ras, and fluorescent e-NAD™. Time-dependent change in fluorescence can then be monitored.
30A biotin-based assay for ExoS ADPRT activity has also been developed [80]. Briefly, biotinylated-NAD is added to enzyme and
target protein and incubated for 1 h. ADP-ribosylated proteins are then separated by SDS-PAGE, blotted onto nitro-cellulose, detected
with a streptavidin-HRP conjugate, and finally visualized by chemiluminescence. This assay avoids the use of radioactivity.
ExoY, initially identified as an adenylyl cyclase, has recently been demonstrated to have broader substrate specificity, acting upon
UTP, GTP, and CTP, and may be reclassified as a nucleotidyl cyclase ([62], R. Seifert, unpublished).
Previously published ExoY activity assays have only been performed with recombinant ExoY or in ExoY-expressing eukaryotic
cells.
33Control reactions should include reactions without enzyme and with a post-nuclear extract of eukaryotic cells alone.
34Formation of cAMP, cGMP, cCMP, and cUMP can also be detected via HPLC-MS/MS [68].
cAMP and cGMP formation can also be detected using commercially available immunological assays (Biomedical Technologies
62, 66]).
6Total time required for the assay: The enzyme assay runs for approximately 16 min, with additional time required for SDS-PAGE
and scintillation counting.
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Fig. 1.
Expression and secretion of the Pseudomonas aeruginosa Type 11 effectors. Four stains of £

aeruginosawere grown in Chelex-treated trypticase soy broth with monosodium glutamate,
glycerol and in the absence (lanes 2, 4, 6, and 8) or in the presence of 10 mM nitrilotriacetic
acid (lanes 3, 5, 7, and 9). Supernatant fractions were prepared and concentrated 20-fold as
described in Subheading 3 . Samples were normalized to the ODsyg at the time of harvest
and separated by SDS-PAGE (10 % acrylamide gel). The gel was stained with Coomassie
blue. Lane 7 shows a prestained molecular weight standard. Lanes 2and 3, PAO1; lanes 4
and 5, PA103; lanes 6and 7, PAK and lanes 8and 9, the concentrated culture supernatants
from strain PA14. Type I11 toxins secreted from PA103 and PAK are marked with an asterisk
(*) in lanes 5and 7. Concentrated supernatants from strains with low protease expression
(PA103, lanes 4and 5) and strains that overproduce type 11 effectors (PAK, lanes 6and 7)
exhibit a clearly inducible pattern of protein bands in the extracellular supernatant fraction.
In contrast, it can be difficult to detect the effectors in strains that produce proteases (PAOL,
lanes 2and 3) or strains that do not grow as well under these conditions (PA14, lanes 8and
9 (see Note 3). Methods that have a high level of sensitivity and specificity such as Western
blot analysis with specific antibodies, silver stained gels, enzymatic activity, or mass
spectrometry can be used as alternative approaches to identify the complement of secreted
effectors

3The methods described for the induction of type Il secretion have been optimized for strains PA103 and PAK. Depending on the
Pseudomonas strain used, the expression of proteases may degrade secreted proteins and affect the yield of protein from secreted
supernatants (as shown in Fig. 1). Importantly, some clinical isolates, particularly those from cystic fibrosis patients, are difficult to
grow in the presence of a chelator. Therefore several induction parameters may need optimization depending on the strain used for a
model system. These parameters include the type of medium, the concentration of chelator, the type of chelator, growth temperature,
or length of time that the culture is induced. For strains that express and secrete alkaline protease or elastase, harvesting the culture at a
lower optical density enhances the extracellular yield of ExoS and ExoT.
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